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CORE LNGas hive is an initiative co-financed by The 
European Commission through the 2014 Connecting 
Europe Facility (CEF) Transport Call.


The aim of the project is to develop a safe, efficient 
and integrated logistic chain for the supply of LNG as 
a fuel for the maritime sector in the Iberian Peninsula. 
It will foster the use of this alternative fuel not only 
in vessels but also in the port environment.


Coordinated by Enagás with the leadership of 
Puertos del Estado, the project involves 42 partners 
from Spain and Portugal: 8 state-owned institutions; 
13 port authorities; and 21 industrial companies such 
as ship owners, LNG operators and suppliers of
different services in the value chain. The total budget 
is €33.3 m and its execution is planned to last until 
2020.


25 studies: 14 studies and 11 studies with 
integrated pilots.


14 studies, the “software” of the project. They 
will allow identifying the standards needed for an 
adequate development of LNG as a fuel, defining 
training programmes required and accreditation
processes, or to put forward a proposal for a National 
Policy Framework.


11 studies with integrated pilots, known as the 
“hardware” of the project. They will test real parts 
of the LNG logistic chain needed to supply bunker 
services of LNG. They include the adaptation of LNG 
Terminals to offer bunker and small-scale services, 
the development of logistic equipment (as bunker 
barges or multimodal transport), and the use of LNG 
within the port environment.
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EU Atlantic Corridor
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pipelines


€33.3 m 
project budget


€16.65 m
financial support from  the European Commission


42
partner entities from Spain and Portugal: 
8 state-owned institutions, 13 port 
authorities; 21 industrial companies







Push forward the 
process of
decarbonization in the 
Iberian Peninsula


Position the maritime 
industry and natural gas 
as maritime fuel


Contribute to the 
reduction of pollutant 
emissions in shipping


Increase Iberian 
LNG sector visibility at 
European level


1 32 4


Targets


LNG is a down-to-earth alternative fuel in the maritime 
transportation sector.


In accordance with EU Directive 2014/94 on the deployment 
of alternative fuels infrastructure (Clean Power for 
Transport), the project will establish the infrastructure 
needed to supply LNG as fuel to the maritime sector in the 
Iberian Peninsula.


LNG is one of the most environmentally friendly fuels. 
It helps the decarbonisation process of the European 
economy and allows for the reduction of our dependence 
on traditional fuels. Moreover, it eliminates emissions of 
sulphur oxides (SOx), particulate matter (PM) and  reduces 
drastically nitrogen oxides (NOx), which will facilitate 
complying with increasingly tight environmental regulations 
in the maritime sector.


With 8 LNG terminals, the Iberian Peninsula 
possesses an LNG logistics know-how of more 
than 45 years, which is key to the development of 
the project and the consolidation of the region’s 
leadership in this field.


On the other hand, due to its geostrategical position 
as a very relevant crosspoint in global shipping 
routes, the Iberian Peninsula must address the 
maritime necessities in terms of sustainability, 
efficiency and operation. 


LNG as 
an alternative 
fuel


The Iberian 
Peninsula
as a reference
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Abstract 
The thesis was focused on the analysis of the global LNG market 
and description of the existing situation on the US and Finnish 
domestic LNG markets. 
 
The main objectives were to examine the present situation on both 
markets and to find the most efficient way to deliver LNG from the 
US to Finland. The theoretical framework was completed by 
researching literature that is related to the chosen topic. The 
empirical part is based on analyzing the information from the 
theoretical research and calculating the potential expenditures of 
different possible delivery routes. After that, the expenditures were 
compared, and it was discerned that the most theoretically efficient 
way of LNG transportation from the US to Finland is the delivery by 
LNG tanker to the LNG terminal with the following transportation to 
the end customers using pipe-line transport. 
 
Considering the fact that for both countries that were studied in this 
thesis external LNG activity is a new and rapidly growing field of 
action, this thesis is a good source of information for companies that 
are going to enter the markets of LNG trade or transportation. 
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1. INTRODUCTION 


Nowadays, fuel consumption and polluting emissions are becoming an 


outstanding problem for logistics service providers worldwide. Such a trend 


exists due to a combination of different circumstances such as growing 


importance of ecological situation, increasing taxes and gasoline prices. In 


the current situation, the use of gases seems to be an efficient solution for a 


range of reasons. First of all, applying gas as a fuel for cars and vessels 


reduces the formation of emissions. Secondly, the usage of gas provides 


fuel costs reduction because the prices for LNG in the EU are nearly two 


times lower than for petroleum. This accounts for the tendency of annual 


smooth growth in gas demand. Another reason for improvement LNG 


transportation processes is the aggravation of politico-economical situation 


between the European Union and the Russian Federation, which makes it 


important for the European countries to become more independent of 


Russian suppliers and transit countries. The choice of the US as a supplier 


is motivated by two reasons. First of all, the US started exporting LNG in 


2016, which means that it is a new market for them. The second reason is 


the forecasts of main analysts who predict that the US is going to become 


the third biggest provider of LNG in the world market in the next decade 


because of their big natural gas deposits and low gas prices. As a 


consequence of the collection of facts that were mentioned before, it is 


possible to foresee that the reliance on experienced logistics companies 


that are able to organize the LNG transportation from the USA to EU-


member countries in the most cost- and time-efficient way grows slowly but 


steadily. 


Main objective 


The main objective of this thesis is to determine the most cost- and time-


efficient way to deliver liquefied natural gas from the US to Finland in the 


existing political and economic situation. 


 


For the purpose of achieving this objective it is necessary to consider rhe 


following sub-questions: 
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• What are the main suppliers and consumers of LNG? 


• How political and economic situation affects global and Finnish 


primary energy markets? 


• What are the main conditions and trends at the Finnish and US LNG 


markets? 


• Why is LNG growing in popularity? 


• How healthy is the LNG infrastructure in Finland and in the US? 


• How LNG supply chain is usually organized? 


• What are the possibilities for importing LNG to Finland? 


 


Research methods 


For theoretical part, the desktop research was chosen as a research 


method. Generally, it means that LNG application and transportation related 


literature, different economic reports and other officially published 


information will be used as resources of data. This method is the most 


suitable option for this type of graduation work due to the necessity for 


analyzing the existing market situation which is impossible without large 


amounts of relevant and adequate information.  


Another method that will be used for collecting data is an interview with the 


representatives of shipping company specializing in transportation of 


energy resources. The importance of using this method consists in the lack 


of information based on practical experience in available information 


sources. 


The empirical part of this thesis will be based on a comparison of 


calculations of logistical costs and time expenditures for different ways of 


LNG transportation to Finland. These calculations will include prices for 


LNG from different supplying countries. As a consequence of this 


comparison, it will be possible to define the most effective way of LNG 


import. The information about costs and other data that is needed for 


calculations will be taken from official information sources or requested 


from logistics service providers in the industry.  


. 
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2. NATURAL GAS 


 


Natural gas is a gaseous mixture which consists of mostly methane, 


propane, butane, ethane and other gases, represented in Table 1, that was 


formed in Earth’s bowels as a result of anaerobic decomposition of organic 


matter. It is one of the most environmental-friendly, non-hazardous and 


consumable natural energy resources. (Theodoropoulos, 2010, p. 229). 


Gas Composition Range 


Methane ��� 70-90% 


Ethane ���� 


0-20% Propane ���� 


Butane 
����� 


 


Pentane and higher 
hyfrocarbons 


�	��� 
 


0-10% 


Carbon dioxide 
�
� 


 
0-8% 


Oxygen 

� 
 


0-0.2% 


Hydrogen sulfide, 
Carbonyl sulfide 


���, COS 
 


0-5% 


Table 1: Composition of Natural Gas (Theodoropoulos, 2010) 


 


LNG as a cargo is a cryogenic liquid. It is transported at a temperature of -


160 °C and at atmospheric pressure. The LNG has a density of 430-470 


kilos per cubic meter. The volume of LNG is circa 1/600 of the value of the 


natural gas in atmospheric conditions. LNG is odorless, non-toxic and non-


rusting cargo. At the same time, LNG is flammable and explosive cargo 


when its vapor concentration in the air is more than 5%. (LNGas.ru, 2016).  


2.1. AREAS OF LNG IMPLEMENTATION 


 


In order to understand how important LNG is, it is necessary to describe the 


spheres of LNG implementation and level of consumption rates. First of all, 


gas is the most popular fossil fuel for electrical power production. Generally, 


the electricity production of gas process is based on using gas and steam 


turbines or different combinations of them. The popularity of gas is the 


result of its ecological combustion characteristics. It is proved that the 
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burning of natural gas is nearly 30% cleaner than the burning of petroleum 


and 45% cleaner than the burning of coal in terms of carbon dioxide 


emissions. (Theodoropoulos, 2010, p. 270). 


Another area of natural gas implementation is to use it as a fuel for central 


heating as well as heating of residential and commercial buildings. It is one 


of the reasons for seasonal demand and price fluctuations for LNG. The 


growth in natural gas consumption is a result of growing need of heating in 


the winter season. (James G. Speight, 2007, p. 142). 


Natural gas is also used as a fuel for internal-combustion engines in trucks 


and vehicles. (US Alternative fuels data center, 2016). The usage of natural 


gas gives a range of advantages over using petroleum or diesel fuel. The 


main advantages are almost one third lower fuel prices, less ecological 


footprint and lower car-taxes in case of emission-based taxes. (Harris, 


2005, p. 5). 


Because of the benefits from using natural gas that were mentioned before, 


the tendency of implementing gas-fired engines in other modes of transport 


has arisen. For example, BNSF Railway in cooperation with GE 


Transportation are testing a locomotive equipped with a dual-fuel engine kit 


that works on a mixture of diesel fuel and natural gas in the 20/80 pro rata. 


(Vantuono, 2014). The locomotives of this type are going to be used at 


railways that are not provided with electrical power grids. The example of 


growth of LNG-fuelled engines popularity is an existing trend of 


implementing gas-fueled engines for merchant fleets. Nowadays, an 


increasing number of articles about using LNG as a ship fuel are being 


published in professional web-sources and magazines. It seems to be a 


result of the 2015 European laws that limited the sulfur emissions from 


merchant vessels. From the point of DNV GL, the usage of LNG as a ship 


fuel is one of the most affordable alternatives that will partly solve the 


problem of emission limitations in the near future. (Wuersig & Chiotopoulos, 


2015, pp. 6-7). 
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2.2. LNG SUPPLY CHAIN 


 


Generally, the supply chain is a sequence of activities and organizations 


that products pass on their way from initial suppliers to consumers. 


(Waters, 2009, p. 9). 


According to Waters (2009, 10), the former professor of management at the 


Calgary university of Canada, any product has its own unique supply chain.  


Naturally, The LNG is not an exception. In compliance with the LNG supply 


chain article in Gas in Focus magazine, LNG supply chain usually consist of 


four segments: production, liquefaction, transportation storage and 


regasification.  (gasinfocus.com, 2016). 


 


Figure 1: LNG supply chain. Available at: 
http://www.kaasuyhdistys.fi/sites/default/files/pdf/esitykset/20150423_kevatkokous/Osmundsen.pdf 


 


2.2.1. PRODUCTION OF THE NATURAL GAS 


 


The process of the natural gas production starts from geological 


explorations of territories where gas accumulations can potentially be 


found. After the geological explorations, different kinds of tests take place. 


The most used tests are seismological studies, geodetic studies and 


orientation drilling followed by chemical tests. In case of receiving positive 


inspection results, the special gas production equipment is installed at the 


optimum place, and extraction process starts. Natural gas is usually 
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recovered from oil deposits where it exists in a form of gas cap, gas 


occurrences and coal beds. After the extraction, gas is transported to the 


places when it will be liquefied by pipe-line transport. (Speight, 2007, pp. 


73-87) 


The process of Natural gas liquefaction  


Liquefaction means the gas-to-liquid transformation of physical form of 


matter. In the context of working with natural gas, this process is always 


conducted at special plants. The whole process is usually divided into five 


successive steps. First of all, it is necessary to refine the natural gas, 


delivered from gas production fields, from unwanted contaminants by using 


condensate drips. This process helps to remove light oil distillates and other 


components that can provoke problems at the following stages. The second 


step is removing harmful admixtures such as carbon dioxide and hydrogen 


sulfide. This step is accomplished by using special amine absorbers and 


desulfurization units. Then, using the adsorbing agent, water is removed 


from natural gas in order to prevent the formation of ice during the liquation 


itself. After that, it is necessary to remove mercury from natural gas. The 


last stage – liquation – is made by freezing gas up to the temperature of       


-160° C. (Mokhatab & Mak & Valappil &  Wood, 2014, pp. 7-9). 


2.2.2. MODES OF TRANSPORT USED FOR LNG TRANSPORTATION 


 


The most commonly modes of transport used for LNG transportation are 


special LNG-carrier vessels and trucks. (Mokhatab & Mak & Valappil &  Wood, 


2014, p. 40). Despite this, nowadays logistics companies are creating 


facilities that will make it possible to deliver LNG by railway transport and 


using tank containers. (Standaert, 2016, p.13). 


Examples of these inventions with main technical solutions that were 


implemented are described below. 


Construction of LNG vessel 


Vessels for LNG transportation have to meet specified requirements. First 


of all, they must be built with double-hull pressure-tight construction in order 
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to prevent leakage of cargo in case of first insulation layer breakdown. In 


other words, the second hull is destined exactly to prevent the loss of cargo 


from the tanks and to protect the vessel if the first hull was damaged. It is 


important because LNG is transported in nearly extreme conditions: the 


temperature inside the tank must be approximately 160 degrees below 


zero, which influences the iron of the inner hull negatively and accelerates 


metallic wear that enhance the risk of accidents. That is why hulls are 


usually made of special materials that are resistant to low temperature, 


such as stainless steel, aluminum or special alloy of iron and nickel. Most of 


LNG vessels can carry 145-155 thousand cubic meters which is nearly 


equal to 90 million tons after regasification process. Tankers of this type are 


faster than most oil-tankers, their commercial speed is circa 20 knots per 


hour in comparison with 15 knots per hour for oil-tankers. Another 


peculiarity of LNG carriers is the construction of their engines. Due to the 


high cargo refrigeration costs, its temperature is maintained at the most 


economically-efficient level which, in turn, means that cargo is transported 


in evaporating condition. By installation of special equipment inside tanks, 


gas from fluidized bed can be used as a fuel for the engine of the vessel. 


That is why, commonly, turbine steam engines are used in LNG vessels 


due to their fuel flexibility. Alternatively, engines of this type can run on gas 


as well as on residual oil. It is important also to emphasize that some 


amount of natural gas is also contained in tanks because of a necessity to 


keep hulls cooled on empty runs and to minimize the number of thermal 


discontinuities, which would negatively impact the technical condition of the 


vessel. (Mokhatab & Mak & Valappil &  Wood, 2014, pp. 13-18).              


Construction of LNG trucks 


The transportation of LNG by trucks is usually performed by using special 


tank-containers (Mokhatab & Mak & Valappil &  Wood, 2014, p. 22) that are 


loaded to a flat trailer truck in the same manner as standard ISO container. 


The main characteristics of these containers are presented below.  


Containers for LNG transportation 


Due to low capacity and limited storage time, tank containers are usually 


used for transportation of small batches. (cimc.com, 2016). Tank-containers 
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for LNG transportation have a double-hull airproof structure. The inner hull 


is usually made of stainless steel while for the outer hull carbon steel is 


mostly used. (lngglobal.com, 2015). These materials in conjunction with 


insulation matters provide energy self-sufficient storage time of up to 65 


days. (Zeus Development Corporation, 2013, p. 3).  


For the purposes of delivering LNG, 40 and 20ft. containers with a capacity 


of 47 and 22 cubic meters respectively can be used. These containers must 


have special frames that meet the ISO standards in order to enable 


transportation, loading and fastening operations using standard equipment 


and to keep safety parameters at a desired level. (lngglobal.com, 2015).  


This feature makes LNG-containers flexible in the context of using different 


modes of transport for the delivery and standard flat trailer trucks, flat 


railcars or containerships can be used for this purpose.  


Some of new-fashioned containers can be equipped with complicated real-


time computer monitoring systems that provide the container and cargo 


owners with an ability to control security and safety characteristics. 


(lngtainer.com, 2016). 


Construction of LNG railcars 


The railway transportation of LNG is not popular for a range of reasons, 


from strict safety regulations to limited shipment sizes. Nevertheless, this 


type of transportation can be a good choice both for carriers and for 


customers because of its environmental performance, low prices and 


delivery times. Usually, the railway transportation of LNG is performed 


using tank-containers that were described above, but due to the 


combination of their small capacity and relatively low speed characteristics 


of railroad transport, it is economically inefficient. (The US Committee of 


Foreign Relations, 2005, p. 17). 


However, in 2015, VTG Aktiengesellschaft Logistics Company presented a 


tank railcar for LNG transportation. The wagon has a complex structure. It 


is equipped with specifically developed suspension which is generally 


intended to minimize most vibrations and impact forces occurring through 


the transportation process. The wagon body consists of two tanks with 
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thermal insulation and vacuum space between them. This engineering 


design coupled with specific isolation materials results in an isothermal 


storage period of approximately six weeks without any maintenance and 


energy expenditures at a temperature of 162 degrees below zero. The 


wagon has a length of approximately 25 meters and can carry 46 tons of 


liquefied natural gas which is equal to nearly 110 cubic meters. (Pendt, 


2016).  


These characteristics make railroad LNG transportation considerably 


flexible and economically efficient to increase the percentage of LNG 


cargoes transported by rail transport. (Cockerill, 2015).  


2.2.3. STORAGE AND REGASIFICATION OF LIQUEFIED NATURAL GAS 


 


After reaching the point of destination, which is usually a regasification 


terminal, LNG is unloaded to special storage tanks that must be equipped 


with air-resistant membrane, special monitoring and cooling equipment to 


keep a cargo in liquefied state of matter. (Theodoropoulos, 2010, p.258). 


The capacity of these tanks comprise between 100 000 and 160 000 cubic 


meters. Their construction must include double walls that are made of 


nickel steel. They have to be built with a view to different natural calamities 


in order to prevent any accidents that can be provoked by destruction of 


storages. Of course, the weight of such constructions is heavy, which 


implicates special requirements to the tanks’ foundations. (freeportlng.com, 


2010). 


After the unloading process, regasification starts. It can be performed in two 


different ways. The first way is gradual heating of gas to the ambient air 


temperature. This method required high pressure internal environment (60 


to 100 bar) and salted water gravity filtration heat exchangers. Another way 


of regasification is burning some amount of cargo in order to heat natural 


gas. After that, gas is usually modified to meet customer requirements. The 


modifications are mostly concerned with gas chemical composition and 


physical characteristics. (2b1stconsulting.com, 2012). 
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2.2.4. LNG LOADING PROCESS 


 


Because of LNG cargo characteristics, the technology of loading process is 


very complex and sophisticated. LNG is usually classified as a flammable 


and high-explosive cargo. That is why there are strict rules that determine 


the whole procedure for conduction of loading operations. The first step of 


the loading process is to inspect the service-condition ability of the fire-


prevention system, emergency valve closing system, pipelines of onboard 


cargo handling system air-tightness, mechanical equipment of onboard 


cargo-handling system, measurement and control equipment, ventilation 


systems of pump and machine rooms, gas leakage warning and alarm 


systems, and the alarm system of the tanks filing limit level. After 


completing this technical commission, a check-list has to be made. Then, 


cargo tanks must be inertized in order to prevent chemical reaction 


between the remains of previous cargo and LNG. The loading itself starts 


from the connection of onboard cargo pipe lines with terminal pipelines by 


so-called loading arms. Due to the low transportation temperature of LNG (-


162 c), the onboard cargo system should be precooled because otherwise 


rapid temperature change that will happen after the start of loading process 


can negatively affect the connections of pipelines and pipelines themselves. 


After the start of loading process, the loading speed has to be increased 


gradually in order to make the temperatures of cargo and pipe-line system 


equal and to prevent formation of air bound in the system. Throughout the 


loading process, the temperature and pressure in cargo tanks should be 


monitored. In case of increase, their characteristics must be corrected by 


using special pressure pumps and vessel cooling equipment. The lowering 


of loading speed must also be done gradually in order to provide the 


maximum load without risks of accidents. Usually, the message about the 


end of loading process is sent at least 30 minutes earlier. After stopping 


loading process, the loading arms and pipelines of the ship’s cargo systems 


must be cleaned from the cargo residues. After that, it is affordable to 


disconnect loading arms and finish the loading process. ( McGuire & White, 


1986, p. 89). 
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2.3. RISKS OF LNG TRANSPORTATION 


 


As it was mentioned before, the LNG is a flammable and explosive cargo. 


In other words, LNG can be classified as a hazardous cargo. Generally, 


hazardous cargoes provide a range of specific risks. (Batarliene, 2010, pp. 


98-99). The most important of them are described below. 


Human factor risks 


LNG tankers are equipped with complex loading and cargo monitoring 


systems. Most of these systems are operated by humans. Crew members 


are responsible for the cargo condition monitoring and controlling and 


equipment maintenance. That is why crew members’ neglectful attitude to 


the duties can provoke serious accidents. (Berg, 2013, p. 344). 


Technical risks 


As it was mentioned, LNG is a dangerous cargo. Because of its 


transportation characteristics, it must be transported and handled by using 


specific facilities. These facilities are made to withstand temperature 


overloads from cargo. Due to the requirements they have to meet, their 


structure is extremely complex which makes it hard to maintain and control 


their operable condition. For example, the hulls of vessels are gradually 


deteriorating and lose their hermiticity. It can provoke two main crisis 


scenarios. First of them is the complete demolition of the vessel caused by 


cold LNG leakage which misshapes the vessel’s structure. In this case, the 


vessel may sink and become a cause of an environmental accident. 


Another scenario seems to be even worse, especially if it takes place when 


LNG is being transported by truck near the public places. If the inner hull is 


damaged and the outer hull remains intact, the temperature of the cargo 


may rapidly increase. As a result of this, the cargo can detonate because of 


the surge overpressure inside the tank. (Dodge, 2014). Another example of 


hazardous situation caused be technical malfunction is the breakdown of a 


spark catcher on the vessel. Considering the fact that evaporations of 


natural gas are flammable and explosive, the situation can have 


unpredictable consequences. The most important problem here is that it is 
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impossible to examine the condition of many identical pieces and there is 


no chance to fix that kind of problems if the vessel is in operation. 


(Sapronov, 2016). 


Risk of terrorism 


Terrorism has become a severe problem in last decades. In the sphere of 


energy resources transportation this problem is even more serious. The 


reason is that terrorists are usually interested in the destruction of 


infrastructure objects that are vital for a country. (Fay, 2003, p. 3). The 


eloquent evidence of this is the terrorist campaign that was made in Turkey 


in 2016 where terrorists fulminated a gas pipeline at the Sinai. (Roberts, 


2016). The Terror threat makes it necessary to provide the adequate level 


of cargo security at all stages of transport process. 


 


Environmental risks 


Generally, natural gas contains up to 90% of methane which is one of the 


primary greenhouse gases. It means that any leakage of the cargo can 


provide damage to the environment. (US Energy Infotmation 


Administration, 2016). More specifically, an average LNG tanker capacity is 


approximately 150 000 cubic meters, but this value is nearly equal to 90 


million cubic meters of vaporized natural gas because the LNG 


compressive ratio is circa 600. (Smith, 2005, p. 3). It is clear that the 


potential environmental footprint from such an accident is terrible. 


Consequently, the providers of LNG transportation services should be very 


careful because any accident will be accompanied with the destruction of 


their reputation and imposition of hefty penalties. 


 
Climatic risks 


Most transport modes are weather-dependent. When taking into account that 


almost all LNG is transported in the form of sea freight, this dependency 


becomes even stronger.. The weather cataclysms are dangerous for vessels 


that are in the open sea. Besides that, they pose grave commercial risks 


because it is unpredictable if a ship will be able to enter or leave a port. In 
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such situation, the cargo owner can lost his money if the vendor contract is 


not fulfilled. (The UK Department for Business, Innovation & Skills, 2013).  


3. EXISTING MARKET SITUATION 


 


In order to show the timeliness of the topic, it is necessary to describe the 


present situation on the global LNG market. Also, the important factors that 


must be considered are the internal and external forces affecting market in 


the present time and existing trends. 


3.1. PLACES OF PROCUREMENT 


 


In accordance with 2016 International Gas Union World LNG Report (2016, 


p. 7), this year the number of exporters in the world markets decreased. It 


happened because of the freezing a natural gas production by Angola and 


Egypt. It was inspired by the necessity of equipment renewal in Angola and 


lack of feedstock in Egypt, which forced country to turn into an importer. As 


a result, there are only 17 countries that can be considered as suppliers of 


Liquefied Natural Gas. These countries and their global market share are 


presented in Figure 2. 


 


Figure 2: LNG Exports and market share by Country (in MTPA). Available at: 
www.igu.org/download/file/fid/2123 


 


As can be seen from Figure 2, the main world Supplier is Qatar with a 


share of nearly 32% of the all LNG turnover. Owing to the completion of 
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some large LNG infrastructure projects, Australia took a second place with 


12% and first time ever outperformed Malaysia.  


3.2. MAIN LNG CONSUMERS 


 


In comparison with the export market condition, the situation on the import 


market is exactly the opposite. In 2015, the amount of consumers 


increased. This is a result of Jordan, Pakistan, Poland and, as was 


mentioned before, Egypt entering the market. (IGU, 2016, p. 9). The 


general information about importing countries and their shares can be seen 


in Figure 3. 


 


Figure 3: LNG imports and market share by Country (in MTPA). Available at: 
www.igu.org/download/file/fid/2123 


 


3.3. FREIGHT RATES 


 


In accordance with an article written by Keith Wallis (2015), the market of 


freight rates for LNG is demoralized and continues decreasing. To be more 


exact, the LNG transportation market is in its worst business recession for 


the last 30 years. The reason for this is the combination of 10% annual 


growth in fleet of vessels that were ordered some years ago and will be 


built until the middle of 2017, and prevalent volatile economic environment 


and decreasing demand in some Asian countries in Pacific Basin. This 


combination of factors resulted in almost 50% decrease of freight rates in 


comparison with 2014 showings and more than 75% decrease if compared 
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to 2013. Consequently, the average market freight rate of LNG vessel with 


160 000 cubic meter capacity falls inside the limit of $32 000 per day, which 


is lower than their break-even point. (Wallis, 2015). In the circumstances 


concerned, the sea transportation of LNG becomes increasingly profitable 


and advantageous for customers. 


3.4. POLITICAL SITUATION 


 


According to Jonathan Hoogendoorn (2016), a geopolitical and energetic 


industry analyst from Massachusetts, the European Union’s aspiration of 


becoming independent from Russia in the sphere of gas supply is rising. 


After the political conflict between Russia and Ukraine, gas transit has 


become more difficult. As a result, it has become an unsteady way of gas 


transportation to the European countries. (Hoogendoorn, 2016). Moreover, 


the economic sanctions affect the Russian gas industry through the 


limitations of oil and gas production and processing equipment’s import. It 


means that Russian gas suppliers have no ability for the replacement of 


fixed assets. Consequently, the efficiency of using equipment will decline 


gradually, which, in turn, can provoke a shortage in amounts of gas 


production. (Angelina Kolomeytseva, 2016, p.184). Against this 


background, the necessity of different energy commodity sources and ways 


of transportation becomes apparent.  


3.5. THE IMPACT OF EU LEGISLATIONS ON LNG MARKET 


 


In recent years, the global energy resources market was strongly influenced 


by the political ambitions of the EU government. These ambitions were 


presented in a form of environment-related legislative initiatives that are 


described below. (Van Nuffel, Rademaekers, Yearwood Travezan, Post,  


Hoogland, Lopez,  Ortega, Amon,  Fülöp, Barta&Hegedus, 2016, p.15). 


Alternative fuels strategy 


Greenhouse emissions from commercial transport are becoming a more 


serious problem every year. According to the data that was collected by 


Eurostat, the European Union’s annual production of greenhouse gases in 







19 


 


2014 was circa 4.5 million tonnes of CO2 equivalent. Despite of the annual 


lowering of this rate trend, which can be seen in Figure 4, the problem of 


environmental footprint from the European Union countries is still serious. 


(ec.europa.eu, 2016). 


 


Figure 4: Greenhouse gas emissions from the European Countries 1990-2014. Available at: 
http://ec.europa.eu/eurostat/statistics-explained/index.php/Greenhouse_gas_emission_statistics 


 


Of course, the exhausts of combustion engines are not the only source of 


pollution. However, in reliance on the European Climate Policy Info Hub, it 


accounts for approximately 20% off all emissions. (Karakosta, 2015). 
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Figure 5: Greenhouse gas emissions of the transport sector. Available at: 
http://climatepolicyinfohub.eu/are-transport-emissions-mobilizing-eu-policy-response 


 


That is why in 2013 the European Commission presented a new alternative 


fuels strategy. This strategy comprehends the reduction of greenhouse 


emissions up to 60% before 2050 in comparison with 1990 level. (Golinska 


& Hajdul, 2012, pp. 11-12). It is planned to achieve this purpose by using 


alternative energy sources with lower CO2 percentage as well as 


development of electric vehicle solutions and implementation of biofuel-


operating engines. Liquefied Natural Gas plays a great role in this strategy. 


It is regarded as one of the main alternatives for diesel fuel that is used in 


heavy trucks involved in long distance deliveries. Moreover, LNG seems to 


become a good alternative for most of ship bunkering fuels used in the 


industry because of its comparably low price and high energy-efficiency. 


(Kearns & Kidd, 2013, p. 2). The implementation of this strategy is going to 


exponentially increase the gas consumption in the European Union and in 


Finland. As a result of growing consumption, the LNG transportation market 


will also stop its stagnation phase. (DG MOVE, 2015, p. 83).  


Liquefied natural gas (LNG) and gas storage strategy 


In order to meet the increasing demand and to improve energy self-


sufficiency, the European commission developed a strategy of the 


European Liquefied Natural Gas and gas storage network modernization. In 
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accordance with Itkonen & Bockstaller (2016, pp. 1-2), the main aims of this 


strategy are: 


• Development of LNG and natural gas infrastructure inside all EU-


member countries in order to give them an exposure to the 


international LNG market. Most of energy infrastructure projects that 


are of great importance are included in projects of common interest 


list (PCIs).; 


• Creation of domestic LNG market in the European Union to provide 


the market environment that will be oriented on compensation of 


deficit as promptly as possible in case of its formation and to 


encourage investments that are necessary for building the 


infrastructure; 


• The improvement of storage efficiency that is essential to undercut 


the influence of market fluctuations on sufficient continuous flow of 


supplies; 


• Broadening of international market activity aimed to finding new 


partners and reducing the vendor-locking level.   


 


The stands of strategy that was mentioned above show that EU is steadily 


preparing for increasing LNG consumption. At the same time, plans of 


internal market creation and sprawling the LNG supplier base provide an 


opportunity for new companies to enter this market and take part in a fair 


competition.  


3.6. FACTORS AFFECTING LNG CONSUMPTION 


The most important factor that has an impact on LNG consumption and 


market prices is weather conditions. As was mentioned before, natural gas 


is one of the most usable energy resources for electricity production and 


heating. That is why the connection between climatic action and LNG 


consumption exists. Generally, it is just seasonal fluctuations that are 


dependent on how many consumers need to heat their industrial buildings 


and houses and what is the amount of heat needed. Practically, the amount 


of heat consumed is usually governed by weather conditions. For example, 


in accordance with U.S. Energy Information Administration, in Northern 
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countries in the winter season the consumption of natural gas can be up to 


30% higher than in summer.  


One more reason for the growth in natural gas consumption in winter 


season is the performance degradation of car fuel economy. It was proved 


by the US Department of Energy that in cold weather conditions the 


mileage per liter rate can be up to 22 per cent lower if the car is mostly 


used for short-distance runs.  


 


Figure 6: Consumtion of Natural Gas in Finland. Available at:  
http://www.eia.gov/todayinenergy/detail.php?id=22892 


 


Analyzing Figure 6, it becomes clear that besides the winter demand pull, in 


the US there is also a summer peak. The summer peak usually takes place 


in the middle of July. It is caused by hot weather that leads to growing 


electricity consumption. The main reason of this is the usage of air-


conditioning systems in residential houses and commercial properties. 


(Bradley, 2015). It is important to emphasize that although Figure 6 gives a 


statistics of annual natural gas consumption fluctuations in the US, the 


global picture is absolutely identical. 


According to the general principles of market performance, in the situation 


when the speed of demand growth is much higher than that of supply, the 


price increases (Parkin & Powell & Matthews, 2012, p.72). Consequently, 


the worldwide growth in natural gas demand provokes the growth of prices. 


It can be clearly seen from Figure 7 that the natural gas prices in Finland 
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are changing in the full compliance with consumption capacity fluctuations.


 


Figure 7: Natural Gas Price fluctuations in Finland. Available at: 
http://pxnet2.stat.fi/PXWeb/pxweb/en/StatFin/StatFin__ene__ehi/030_ehi_tau_103_en.px/chart/chartView


Column/?rxid=50da8783-d3a6-4601-a114-e533ae7cb0b7 


 


Another factor that influences LNG market is the face of cycle in which 


economics remains. If it is in a prosperity phase, the level of business 


encouragement is usually high. It means that manufacturing industry works 


more and produces more goods to meet the growing demand. In its turn, 


the growth in production involves larger energy consumption. As far as 


natural gas is one of the most efficient and widespread energy sources, the 


demand for it grows rapidly. (Lee, 2016). 


It is also important that competition among energy resources can impact 


the natural gas consumption rate. It is possible because many 


manufacturing companies use specific power systems that are able to work 


on different depletable fuels. Usually these systems can use three types of 


fuels: natural gas, crude oil and coal or the combination of them. The 


implementation of multi-fuel systems gives business owners an opportunity 


to improve their economic efficiency and increase their profits by ordering 


fuel for the lowest price at the moment. At the same time, it affects the 


demand for natural gas every time the prices of alternative fuels become 


lower. (Lee, 2016). 
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3.7. COUNTRIES IMPORTING LNG TO EUROPE 


 


In accordance with the European Parliament Liquefied Natural Gas in 


Europe briefing (2015, p. 4), the main countries that supply LNG to the 


European Union member countries are Qatar, Algeria and Nigeria. At the 


same time, it is predicted that before 2020 the European Union will have 


more supply options due to the rapidly growing LNG production in Australia 


which is going to outwork Qatar and Papua New Guinea and become the 


new leader in this field. Moreover, notwithstanding that USA officially 


entered international LNG market only in February 2016, world leading 


analysts predict that until 2020 US will become the 3rd biggest supplier in 


the world, after the Australia and Qatar. (Pedersen, 2016) In that case, 


collaboration between the European Union and US suppliers in this sphere 


is inevitable mostly because of the need to diversify the suppliers on the 


European internal gas market. (Leifheit, 2016). In addition to that, in 


accordance with world bank information, the US have the world’s lowest 


LNG prices and the most efficient production activity which makes them a 


perspective business partner for the European Union. (Baffes, 2014, p. 7). 


 


Figure 8: World gas prices. Available at: 
http://www.worldbank.org/content/dam/Worldbank/GEP/GEPcommodities/commodity_markets_outlook_2


014_october.pdf 
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4. LNG IN FINLAND 


4.1. LNG MARKET IN FINLAND 


 


In accordance with Statistics Finland research center, the consumption of 


natural gas in Finland decreased by 5 per cent in 2016.  


 


Figure 9: Consumtion of Natural Gas in Finland. Available at: 
http://www.stat.fi/til/ehk/2016/02/ehk_2016_02_2016-09-21_kuv_004_en.html 


 


In spite of the strong trend of decreasing natural gas consumption in 


Finland, which is shown in Figure 9, the EU Parliament’s alternative fuels 


strategy, that was described above is going to increase the demand 


significantly until 2020. (DG MOVE, 2015, p. 83).   


4.2. LNG INFRASTRUCTURE IN FINLAND 


 


Nowadays, the LNG infrastructure in Finland is growing rapidly. In 


September 2016, the main Finnish natural gas supplier Skangas , the 


control interest (51%) of which is owned by Gasum Oy, launched the first 


LNG terminal in Finland. The terminal is equipped with all regasification 


equipment, 30 000-cubic meter storage tank and 12 kilometers of pipeline 


that is made for delivering degasified natural gas to the industrial 


customers. The new terminal also owns the equipment that gives an ability 







26 


 


to reload LNG directly from one vessel to another and from the vessel to 


the truck. (hydrocarbons-technology.com, 2015)  


Another great project that will help Finland to become more energetically 


independent from Russia is an LNG terminal in Tornio, Finland.  This 


project is being executed by collaboration of Gasum Oy, EPV Energy 


company, Outokumpu and Ruuki Metals industrial companies. The terminal 


is going to be launched in 2018. It will be equipped with a 50 000-cubic 


meter storage tank and will be able to accommodate vessels with capacity 


of at least 18 500 cubic meters. The terminal will be primarily oriented on 


meeting the demand from industrial customers. (torniomangalng.fi/en , 


2015). 


Yet, LNG transportation by sea is not the only business dimension that is 


being developed by Finnish government and companies. Another type of 


project is so-called “Baltic connector”. It is a project of 150-kilometer long 


bi-directional underwater pipeline that will cross the Baltic sea and give 


Finland an access to the Estonian part of the European natural gas system. 


The expected pipeline flow efficiency will be circa 7.2 million cubic meters 


per day. The estimated time of project completion is the December 2019. 


The main stakeholders of this project are Finnish government company 


Baltic Connector Oy and Estonian company Elering AS. One of the main 


project aims is to make Finland more independent from Russian natural gas 


suppliers and to create a competitive environment on the LNG market in 


Finland. (Plit H, 2013). 


4.3. POTENTIAL BOTTLENECKS FOR IMPORTING LNG TO FINLAND 


 


Lack of infrastructure 


As was mentioned before, the LNG infrastructure in Finland is in the phase 


of development. At the moment, there is only one regasification plant and 


LNG terminal owned by Gasum Oy in whole Finland. It is situated in Pori, in 


the south-western part of the country. The limited capacity can provoke 


problems through import process, especially in the winter season, when the 


LNG consumption grows.   
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Monopolized market 


Another potential bottleneck is the condition of internal market. Gasum Oy 


is the only supplier of LNG in Finland and, at the same time, the owner of 


all infrastructure in the country. Moreover, Gasum’s largest stakes are 


owned by the Finnish government (24%) and Russian company Gazprom 


(25%). (Talus & Guimaraes-Purokoski & Rajala, 2010, p. 90) It means that 


nowadays, the Finnish gas market is fully monopolized. (energiavirasto.fi, 


2015, p. 13). This problem makes it really difficult to enter the market 


without comprehensive financial injections.  


5. LNG IN USA 


5.1. LNG MARKET IN USA 


 


Most of US natural gas is being produced from shales. This technology 


helps to decrease production costs and improve the efficiency of production 


processes. It would seem that such an improvement have a solely positive 


effect on the market situation. However, as a result of this technology 


implementation, the main producers increased their productivity for more 


than 50% in only 10 years, which, in turn, provoked the overfilling of internal 


market and sharp decrease in prices. This situation negatively influenced 


gas producers especially taking into account the statutory bar for the export 


of natural gas. In 2016, the statutory bar finally was overturned and US 


suppliers entered the world market. Unfortunately, because of limited 


capacity of existing LNG infrastructure facilities and, therefore, limited 


export volumes, this opportunity will not change a situation sharply. It 


means that in a long-term perspective, USA is going to become the LNG 


supplier with the lowest prices. (England & Slaughter, 2016) 


5.2. LNG INFRASTRUCTURE IN USA 


 


Most of natural gas in USA is being produced in the north-eastern part of 


the country at the Marcellus shale. In order to decrease handling and 
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transportation costs, the main LNG infrastructure is also situated in this 


region. (Oil & Gas 360, 2016). These facilities are presented in Figure 10.  


 


Figure 10: US LNG export facilities. Available at: http://www.oilandgas360.com/lng-update-u-s-export-
terminals-and-infrastructure-in-the-works/ 


 


As can be seen, at the moment USA have only one operational LNG export 


terminal owned by Cheniere Energy Company. This terminal has a 


production capacity of approximately 27 million tons per annum. (Business 


Wire Inc., 2015). 


However, it is scheduled to put four more terminals into operation until the 


end of 2018. Also, more than 15 export terminal construction projects are 


approved by the US government and will be built before 2022. (OilOnline 


Press, 2015).  


Such a growth in number of LNG facilities and infrastructure objects gives a 


good opportunity for development of relations between the US government 


and the European Union as a part of EU alternative fuels strategy. 


6. CASE STUDY 


 


In the existing political situation and situation on LNG transportation market, 


as well as geographical location of the parties, the sea carriage with the 


subsequent road transportation or pipe-line delivery seems to be the only 


possible way of delivering LNG to Finland. 
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However, both sea and road transportation can be accomplished using 


special LNG trucks and vessels or special tank containers. That is why it is 


important to find out which of these schemes will be cheaper and faster. 


The usage of containers can be reasonable because of the lower time 


expenditures and costs of cargo handling operations as well as transport 


freight rates. 


The first way of transportation that will be considered is container carriage 


from Port of New York to Port of Helsinki with the subsequent road 


transportation to the regasification terminal in Pori. The overland 


transportation part is going to be completed by using trucks with flat trailers 


that are designed for the carriage of ISO containers. The implementation of 


these trucks will help to decrease cargo handling costs and to shorten the 


time needed for handling operations.  


 


 


Figure 11: The route, time expenditures and price of one 40-ft LNG container transoptation from US to 
Finland 
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The figure above shows the route and official price for transportation of one 


40-ft LNG container. The price includes freight itself as well as all origin and 


destination charges that usually consist of: 


• agent surcharge; 


• terminal handling charges; 


• release fees; 


• international port security charges; 


• ship security charges; 


• harbor charges; 


• towage charges; 


• APEX declaration of loaded and empty container.  


The posted price also includes road hauling from Helsinki container 


terminal to the regasification terminal in Pori, Finland, which is 173 dollars 


per container. 


Unfortunately, LNG is a cargo that is usually delivered in large amounts in 


order to increase the profitability of business transaction. This is a result of 


the economies of scale principle implementation. Generally, for sea 


carriage this principle means that the larger the capacity of vessel, the 


lower the shipping charges per unit of weight, and the larger a profit for the 


supplier, by extension. That is why the average capacity of a LNG tanker is 


approximately 150 thousand cubic meters. It means that to deliver the 


same amount of cargo it is necessary to freight 3200 40-ft LNG containers. 


As a result, the transportation cost will be more than 2.5 million dollars. At 


the same time, as can be seen from Figure 11, the time of transportation is 


up to 24 days which is 5 days more than in LNG taker carriage because of 


the container ship’s lower speed characteristics.  


Another option is transportation by a LNG tanker with the following 


distribution using pipeline infrastructure. 
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Figure 12: The route and time of transportation cargo by LNG tanker from US to Finland. Available at: 
https://www.searates.com/reference/portdistance/?K=ChIJkQYhlscLkkYRY_fiO4S9Ts0&D=17838&G=21


370&shipment=2&weight=8000&volume=1&weight_unit=KG&volume_unit=CBM& 


 


In accordance with searates.com, the estimated hauling time is 17 days. 


The normal speed of loading and unloading operations is 10-15 thousand 


cubic meters per hour, so it is necessary to add 2 days if cargo is being 


delivered by a LNG tanker with 150 000-cubic meters capacity. 


Using the freight rates given by Reuters News Agency, the current freight 


rates for this type of vessels with the equal capacity are circa 32 thousand 


dollars per day. It means that the transportation costs will be approximately 


610 thousand dollars.  


7. CONCLUSION 


 


To sum up, it is possible to make a conclusion that in the existing political 


and global market situation, the most efficient way to deliver LNG from the 


US to Finland is transportation by special LNG-tankers.  


Apart from the advantages of lower transportation costs and time 


expenditures, the transportation of LNG by a special tanker directly to the 
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regasification terminal in Finland provides also an opportunity to perform 


the subsequent gas distribution through the natural gas pipelines that are 


connected to the gas storage facilities. It accelerates the delivery of gas to 


final consumers. Moreover, in the long-term perspective, when the Baltic 


Сonnector project will be completed, this scheme of transportation will 


enable US suppliers to obtain access to the pan-European LNG market by 


using the Estonian part of the European natural gas system.  


Generally, the results of this thesis are not absolutely reliable for practical 


application by companies. There are two main reasons for that. First of all, 


the calculations may have inaccuracies caused by the impossibility of 


current freight rate identification. This impossibility is a result of differences 


in general prices of each particular transportation agreement.   Another 


reason is the deficiency of current assets in the calculations, which is 


caused by the fact that they could not be calculated against the background 


of continuously changing situation in the global market.    
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1. Introduction 


The growing trend towards the transition to alternative fuels in transport, dictated not only by technological 
innovations and limited resources of oil reserves, but also by regulators to protect the environment and emissions of 
harmful substances into the atmosphere, affected not only road transport, but also the railway transport. Many 
railway companies in the world, as well as manufacturers of locomotives, are in constant search of alternatives to 
diesel fuel, which not only pollutes the air, but also gradually ceases to be cost-effective for some regions. Among 
the acceptable alternative fuels for locomotives are compressed natural gas (CNG), liquefied natural gas (LNG), and 
hydrogen fuel. 


For example, in 2017 in Germany, the Alstom Company introduced the first hydrogen-powered train for 
passenger service [1]. A USA railroad BNSF, together with the General Electric company, conduct tests of diesel 
locomotives of Evolution and Dash series with the engine running on dual-fuel by GE’s NextFuel® technology 
using LNG for freight trains [2]. 


In this article, the authors consider LNG as the most suitable fuel for the locomotive on the diesel traction 
network in the Republic of Kazakhstan. The choice of the authors of LNG as a fuel is caused by further reasons. The 
first reason is the presence of its own gas reserves on the territory of the Republic of Kazakhstan. The second is the 
possibility of delivery of additional volumes of natural gas from the Russian Federation, which is included in the 10 
main suppliers of natural gas in the world [3]. In addition, the experience of Russian engineers in the transfer of 
locomotives to LNG and the successful testing of American railway companies with GE NextFuel® technology 
allows us to consider the option of using LNG as fuel for the locomotive as the most probable. 


Considering the presence of existing research and papers on the use of LNG as a diesel replacement fuel for 
marine vessels [4], development of translation diesel engine to gas engine [5], the pros and cons of LNG to other 
alternative fuels [6-7], the effect of LNG as a fuel on the environment [8], as well as the standards of the 
environmental protection Agency [9], the authors are not going to describe in this paper the process of transferring 
the locomotive to natural gas, its characteristics and the structure of the engine and fuel system. 


This article is intended to fill the gap between ready-made solutions for LNG production at factories of natural 
gas liquefaction and new solutions developed for the use of LNG as fuel in rail transport. It also provides a 
methodology for justifying the location of infrastructure facilities on the example of diesel traction of freight trains 
in the Republic of Kazakhstan, which can also be applied to other railway networks on diesel traction. 


2. Background comment on structural levels of facilities  


Placement of infrastructure facilities on the railway network of the Republic of Kazakhstan, including 
infrastructure facilities for production, provision, storage and equipment of LNG is a set of tasks. The validity of the 
tasks is closely related to the size of cargo flows in the regions and throughout the railway network, where 
transportation is carried out by locomotives. The structure of the country's natural gas pipeline network is also of 
equal importance. 


For example, while considering the issue of deployment of LNG infrastructure that includes, (1) complex for the 
liquefaction of natural gas (CLNG), (2) filling complex of liquefied natural gas (FCLNG), (3) items of equipment 
and the storage of tenders for LNG (EST). This infrastructure provides LNG to locomotives of a nearby base and 
transfer locomotive depots and creates transport cluster of depot maintenance of transparent section level. 


At the polygon rail level, the boundaries of individual local clusters are connected and merged by railway lines 
and railway sections and natural gas pipeline networks to form a single, higher-level transport cluster, ensuring the 
interaction of various local-level facilities in the region. 


In addition, the need to maintain dead-end siding railway sections on the diesel traction network leads to the 
formation of a separate cluster – the level of dead-end sidings maintenance of the base depots (dead-end siding, 
transparent section or partially transparent section type), for traction maintenance of which appropriate conditions 
should be provided.    


Hence, the consequence is that the network transport cluster of LNG provision for dual-fuel locomotives can have 
a complex multi-level and hierarchical structure. The optimization of providing fuel to dual-fuel locomotives is 
expected to be performed at each of the considered levels. 
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innovations and limited resources of oil reserves, but also by regulators to protect the environment and emissions of 
harmful substances into the atmosphere, affected not only road transport, but also the railway transport. Many 
railway companies in the world, as well as manufacturers of locomotives, are in constant search of alternatives to 
diesel fuel, which not only pollutes the air, but also gradually ceases to be cost-effective for some regions. Among 
the acceptable alternative fuels for locomotives are compressed natural gas (CNG), liquefied natural gas (LNG), and 
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For example, in 2017 in Germany, the Alstom Company introduced the first hydrogen-powered train for 
passenger service [1]. A USA railroad BNSF, together with the General Electric company, conduct tests of diesel 
locomotives of Evolution and Dash series with the engine running on dual-fuel by GE’s NextFuel® technology 
using LNG for freight trains [2]. 


In this article, the authors consider LNG as the most suitable fuel for the locomotive on the diesel traction 
network in the Republic of Kazakhstan. The choice of the authors of LNG as a fuel is caused by further reasons. The 
first reason is the presence of its own gas reserves on the territory of the Republic of Kazakhstan. The second is the 
possibility of delivery of additional volumes of natural gas from the Russian Federation, which is included in the 10 
main suppliers of natural gas in the world [3]. In addition, the experience of Russian engineers in the transfer of 
locomotives to LNG and the successful testing of American railway companies with GE NextFuel® technology 
allows us to consider the option of using LNG as fuel for the locomotive as the most probable. 


Considering the presence of existing research and papers on the use of LNG as a diesel replacement fuel for 
marine vessels [4], development of translation diesel engine to gas engine [5], the pros and cons of LNG to other 
alternative fuels [6-7], the effect of LNG as a fuel on the environment [8], as well as the standards of the 
environmental protection Agency [9], the authors are not going to describe in this paper the process of transferring 
the locomotive to natural gas, its characteristics and the structure of the engine and fuel system. 


This article is intended to fill the gap between ready-made solutions for LNG production at factories of natural 
gas liquefaction and new solutions developed for the use of LNG as fuel in rail transport. It also provides a 
methodology for justifying the location of infrastructure facilities on the example of diesel traction of freight trains 
in the Republic of Kazakhstan, which can also be applied to other railway networks on diesel traction. 


2. Background comment on structural levels of facilities  


Placement of infrastructure facilities on the railway network of the Republic of Kazakhstan, including 
infrastructure facilities for production, provision, storage and equipment of LNG is a set of tasks. The validity of the 
tasks is closely related to the size of cargo flows in the regions and throughout the railway network, where 
transportation is carried out by locomotives. The structure of the country's natural gas pipeline network is also of 
equal importance. 


For example, while considering the issue of deployment of LNG infrastructure that includes, (1) complex for the 
liquefaction of natural gas (CLNG), (2) filling complex of liquefied natural gas (FCLNG), (3) items of equipment 
and the storage of tenders for LNG (EST). This infrastructure provides LNG to locomotives of a nearby base and 
transfer locomotive depots and creates transport cluster of depot maintenance of transparent section level. 


At the polygon rail level, the boundaries of individual local clusters are connected and merged by railway lines 
and railway sections and natural gas pipeline networks to form a single, higher-level transport cluster, ensuring the 
interaction of various local-level facilities in the region. 


In addition, the need to maintain dead-end siding railway sections on the diesel traction network leads to the 
formation of a separate cluster – the level of dead-end sidings maintenance of the base depots (dead-end siding, 
transparent section or partially transparent section type), for traction maintenance of which appropriate conditions 
should be provided.    


Hence, the consequence is that the network transport cluster of LNG provision for dual-fuel locomotives can have 
a complex multi-level and hierarchical structure. The optimization of providing fuel to dual-fuel locomotives is 
expected to be performed at each of the considered levels. 
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This means that the procedure for justifying the location of LNG infrastructure facilities on the diesel traction 
network of the Republic of Kazakhstan should be preceded by the stage of determining the number of LNG 
infrastructure levels.  


In general case, the elements of the LNG infrastructure network on diesel traction of Kazakhstan (as part of the 
railway network of the country is served by electric locomotive traction), can be divided by the hierarchy into levels, 
considering the role that they perform in the process of train flow traction service. 


These are the following levels:  
 


 Level of transparent section maintenance– the level of the railway haul maintenance of main depot locomotives, 
defined by a set of transparent consecutive stages and separate points between two technical stations, which are 
located on the base (or transfer) locomotive depot   


 Level of polygons rail maintenance - the level of locomotives maintenance at the site, defined as the merging of 
multiple transparent railway sections (railway hauls of locomotives maintenance) on railway stations and in the 
region 


 Level of dead-end sidings sections – defined as a set of railway sections located on dead-end lines and sections 
on the diesel traction network of the railway of the Republic of Kazakhstan 


 
Now it is necessary to consider that certain transparent and dead-end sidings sections and polygons of 


maintenance of diesel traction of railways is geographically distributed in regions of Kazakhstan. Then the proposed 
gradation of the levels of the diesel traction network should be transformed into regional clusters, considering the 
gravity zones of these sites and polygons.  


This leads to the following regional zones of gravity on the network of diesel traction of railways of Kazakhstan 
(see Fig.1): 


 
 “North – West” gravity zone is a cluster of diesel traction network, in the gravity zone of the railway sections and 


polygons of the Western and Northern regions of Kazakhstan are included; 
 “Center – West – South” gravity zone is a cluster of diesel traction network, in the gravity zone of the railway 


sections and polygons of the Central and Western regions (considering the newly built railways) and a part of the 
Southern region of Kazakhstan are included; 


 "East – South" gravity zone is a cluster of diesel traction network, gravity zone of the railway sections and 
polygons throughout the Eastern and Southern regions of Kazakhstan are included. 


Fig. 1. Schematic location of regional gravity zones on the diesel traction network of the Republic of Kazakhstan. 
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According to the results of the analysis, Table 1 shows the distribution of the total volume of the cargo turnover, 
the total length and consumption of diesel fuel on the elements of the diesel traction network of Kazakhstan by 
gravity zones. 


Table 1. Distribution of volumes of cargo turnover, total length and consumption of diesel fuel on zones of gravitation of the diesel 
traction network of the Republic of Kazakhstan. 


Name of cargo flow gravity zone 
Share, % 


Cargo turnover Total length Consumption of diesel fuel 


North – West 38.0 32.6 36.7 


Center – West – South 32.7 39.5 32.1 


East – South 29.3 27.9 31.2 


Total 100 100 100 


 
Thus, the whole network of diesel traction of the Republic of Kazakhstan is divided into 3 zones. It is obvious 


that the LNG infrastructure facilities (CLNG, FCLNG, and EST), will provide LNG to dual-fuel locomotives of the 
nearby base and transfer locomotive depots, and will have to be located within the boundaries of these zones. 


3. Applicable quantitative methodology for the research 


In this section, the actual task is to justify the "points", or rather, the railway station locations of LNG 
infrastructure objects. At first, the structural levels of facilities for dual-fuel locomotives will be discussed. Then the 
methods of calculation and evaluation for each type of sets will be provided in order to justify the points of LNG 
infrastructure on the diesel traction network. 


3.1. Formulation of the LNG infrastructure facilities placement problems 


First, we note that each of the considered structural elements of gravity zones (sections and polygons) on the 
diesel traction network is characterized by: 


 
 Belonging to one of the three designated gravity zones 
 Length (distance between points determining its position on the transport network of diesel traction) 
 The value of the cargo traffic, which is the total volume of cargo traffic p for the period under review in the 


zone in both directions 
 
For traction maintenance of the transported volume of cargo transportations, locomotives have to consume some 


volume of fuel.  
Considering that each element of a separate gravity zone on the diesel traction on the network has its own specific 


fuel consumption value per 1 t-km gross of transportation work, the value of the total fuel consumption G by 
locomotives at these levels also differs. 


Considering these structural and technological features to refer structural elements of the dual-fuel consumption 
(diesel and LNG) symbols ai (i  1,2,..., N A)  on diesel traction network on the railway sections, bi (i  1,2,..., N B )  on 
polygons, and ci (i = 1,2,…, NC) on dead-end sidings are used. 


The set of all ai  elements forms a set А that characterizes the level of the transparent maintenance section of the 
diesel traction network, the set of elements bi  forms a set of polygons В, and the set of elements ci  forms a set of 
dead-end sidings sections C.  


Since each of the elements of the set А, В, and C is characterized by the length li  and volume of fuel consumed 
by locomotives gi  for traction service of cargo flow pi , the listed characteristics can be considered as the 
coordinates of the elements on the plane g0l. 
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This means that the procedure for justifying the location of LNG infrastructure facilities on the diesel traction 
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sections and polygons of the Central and Western regions (considering the newly built railways) and a part of the 
Southern region of Kazakhstan are included; 


 "East – South" gravity zone is a cluster of diesel traction network, gravity zone of the railway sections and 
polygons throughout the Eastern and Southern regions of Kazakhstan are included. 


Fig. 1. Schematic location of regional gravity zones on the diesel traction network of the Republic of Kazakhstan. 
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Then the elements on the network of diesel traction can be described by a set of elements (points on the plane): 
 


�
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������, ����	�� � �,�,� , ���;
������, ����	�� � �,�, � , ���,


 (1) 


 
where NA + NB + NC is the total number of structural elements on the entire diesel traction network.  
Then it is possible to build a field for absolute values gi  and li  belonging to the sets A, B, and C in the 


coordinate system g0l.  
However, in the future, such a graphical representation does not allow to clearly identifying the limits of the 


structural levels, and is not acceptable for subsequent decisions related to the task of choosing the location of LNG 
infrastructure facilities.  


This is primarily due to the incompatibility of the length li  values and magnitude of the fuel gi  consumed by the 
various structural elements of the diesel traction network, and such a plane begins to "spread", not allowing 
determining the limits of the levels.     


To solve this problem, it is necessary to include another tool, namely, methods of qualitative mathematical theory. 
The suitable instruments are the methods of Theory of sets [10] and Algebraic (combinatorial) topology [11-13]. 


In other words, the solution of the problem brings to the creation of a method of quantitative evaluation of 
qualitative criteria and the corresponding calculation algorithms that allow abandoning the visual evaluation of the 
relative position of the elements of the sets A, B, and C on the plane g0l. 


That is, it is necessary to conduct the initial data based on the use of values g (t/year) and l (km) with the specified 
dimension to dimensionless characteristics.    


To do this, the coordinates of the elements belonging to the set A should be converted (or conduct 
"renormalization" of coordinates): 
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    (2) 


where: 
 


 li and gi - the length and magnitude of the fuel consumed by the element of the set A, B and C 
 lmax - the maximum length of the transport element among all elements belonging to the sets A, B and C  
 lmin - the smallest length of the transport element among all elements belonging to the sets A, B and C   
 gmax - the maximum volume value of fuel consumed among all elements belonging to the sets A, B and C 
 gmin - the minimum volume value of fuel consumed among all elements belonging to the sets A, B and C 


 
Similarly, the coordinates of the elements of sets B and C are converted.    
Note that now the use of the variable replacement procedure leads to the fact that all elements of the sets A, B and 


C will be located within a square with a side equal to one.  
Note that the procedure of transformation of variables simplifies the procedure of quantitative assessment of the 


structural (qualitative) relative position of the elements of sets A, B and C, constituting different levels on the 
network of diesel traction of Republic of Kazakhstan.     


Thus, the definition of limits and the assessment of the relative position of individual sets characterizing the 
structure of the transport network is an important step in the analysis, the results of which determine the essence of 
the subsequent actions related to the optimization of the placement of LNG infrastructure. 
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3.2. Methods of calculation and evaluation of the relative location 


In accordance with the existing representations, the measure of proximity of individual elements of the set is the 
distance between them, which, depending on the nature of the problem to be solved, is determined in different ways 
[14].   


Since in the future there is a need to assess the relative position as separate elements of the set A, B, and C, 
representing a set of elements reflecting a different structural level of the network of diesel traction of the Republic 
of Kazakhstan, all tasks should be considered and solved sequentially. 


Considering the set of elements as a set of a finite number of points on the Y0X plane, we note that the choice of 
a metric or measure that allows estimating the proximity becomes an obligatory stage of structural analysis. 


The proximity of the elements ai  (xi
A, yi


A) and aj  (x j
A , y j


A)  belonging to the set A can be estimated by means 
of the Euclidean distance defined on the Y0X plane as follows:   


 


di, j
A  (xi


A  x j
A)2  ( yi


A  y j
A)2   (3) 


 
In this case, the concept of the proximity of individual elements coincides with their geometric proximity on the 


Y0X plane, and the characteristic of such a set consisting of NA transport elements of the network of diesel traction 
is the maximum distance DA between the points: 


 
DA  supd (x, y)


x ,y�A
   (4) 


 
In the future, to estimate the "area of sets "of individual levels of the network of diesel traction, it is necessary to 


introduce the concept of" diameter of the set", which means the upper edge of the distances between pairs of points 
of the set. This means that a single set of transport elements ai (i  1,2,..., N A)  on the Y0X plane can be "covered" 
by a circle with a diameter DA. 


There is another approach to determine the "diameter of the set" [14], when, for example, to determine the center 
of gravity of a system points on the plane, the centroid acts as the center of the set, that is, a point CA on the plane 
with coordinates: 
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   (5) 


 
In general, the characteristics of the set have the following features: 
 


 With a large number of elements, joining to a set of several points within a circle DA  with the center at a point 
CA does not lead to a noticeable change in the position of the center – the feature of stability of the centroid 
position 


 Changing the diameter of the set does not occur if the coordinate values of each of its elements increase 
(decrease) by the same number – the feature of diameter independence from the origin of coordinates 


 Adding to the set of the new element leads to an increase in its diameter only if the maximum distance between 
the elements happens 


 
These listed features of the set of A, B and C allows us to consider the parameters DA , x A  and y A  as important 


characteristics, necessary in the future to describe the group features of the structural elements that make up these 
sets (levels of network of diesel traction).       


The concept of the distance between groups of objects (between different structural levels of the network of 
diesel traction) is necessary in the development of the procedure for their classification and is associated with the 
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where: 
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Thus, the definition of limits and the assessment of the relative position of individual sets characterizing the 
structure of the transport network is an important step in the analysis, the results of which determine the essence of 
the subsequent actions related to the optimization of the placement of LNG infrastructure. 
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assessment of the relative position on the plane of sets of different nature. In this case, the similarity measure of the 
individual sets may be a distance defined on the principle of "nearest-neighbor", using a potential function [14], etc.  


Since the center of an individual set is determined by the position of the centroid on the Y0X plane, the distance 
between the sets A and B that contain the elements N A  and N B  ,respectively, is defined as the Euclidean distance 
between the centroids CA and CB: 


 


DAB  (x A  x B )2  ( y A  yB )2   (6) 


 
If the sets A and B are characterized by the values of diameters and, in the future, such sets are evaluated as "non-


overlapping" when the inequality is satisfied 
 


DAB 
DA


2



DB


2
   (7) 


 
After transformations, this condition is formulated as follows: 
 


AB 
DA  DB


2DAB


1 0   (8) 


 
In this case, the criterion AB  should be taken as an indicator of the pair proximity of the set A and B. It takes 


positive values when the sets are removed on the Y0X plane and there is no "mixing" of their elements. Otherwise, 
the criterion AB  has a negative value (AB  0) . In this case, the gradual mutual removal of "non-overlapping" sets 
A and B will be accompanied by a continuous growth of positive values. 


Thus, from a practical point of view, only positive values AB  are of interest, since it is in this option that the 
analyzed transport system has separate structural levels (in our case, the service area, the training ground service, the 
network of diesel traction).  


Note that the formula (8) is suitable only for 2-level transport structures, so it is necessary to develop this 
technique further and will offer the next stage of modeling. 


The network of diesel traction of Republic of Kazakhstan has a 3-level structure (railway district, polygon and 
dead-end siding), i.e. there are 3 sets A, B and C with the number of transport elements N A , N B , NC  and diameters 
DA, DB, DC. In this case, the formula (6) is pairwise distances between sets A, B and C – DAB, DAC and DBC.  


Similarly, the formula (8) are indicators of pair proximity between sets AB , AC  and BC . The condition of 
their non-negativity is checked. Since the number of transport levels is 3, the unit cubic space in the system of 
rectangular coordinates ����� ���� ���� is now considered.  


Next, we consider the radius vector ρ, which will be inside the considered unit cubic space. 
The maximum possible value of the module reaches the radius vector ρ when the point characterizing the relative 


position of three sets coincides with the top of the cube, the most distant from the origin: 
 



max


 3    (9) 


 
This position of the radius vector corresponds to the case of the greatest distance of all three sets considered from 


each other. In addition, to assess the mutual proximity of the three analyzed sets, it is necessary to apply the 
indicator: 
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The implementation of the normalization set 1/√3  in the formula (10) leads to the fact that the proximity index 
in the three-dimensional topological space can vary in the range of values 0   1 . Therefore, it can be concluded 
that the proposed proximity index in the three-dimensional topological space μ of several "non-overlapping" sets is 
based on the account of paired proximity indices of individual sets and is equal to their mean square value. 


Note that the value μ=0 corresponds to the case of the limiting convergence of all three sets without their mutual 
overlap. The value μ=1 corresponds to the case of mutual removal of sets at the maximum possible distance. At the 
same time as the mutual removal of sets on the plane, Y0X will occur and the continuous increase in the 
corresponding value μ.  


On the other hand, the need to build the field of elements of different structural levels of the network of diesel 
traction of Railways of Kazakhstan in the normalized topological space Y0X was noted above. These sets will have 
centers CA  on the plane Y0X (with coordinates ��  and �� ), CB  (with coordinates ��   and �� ) and CC  ( with 
coordinates ��  and ��).  


If you connect these centers, you get a triangle, and the area S of the triangle is the same characteristic of the 
mutual arrangement of sets A, B and C, as an indicator μ. Then the increase in the area of the triangle S can be 
interpreted as a measure of removing the centers of the sets on the Y0X plane: the more becomes, the areas of 
different sets "scatter" on the Y0X plane, i.e. become more "isolated" from each other. 


Thus, the qualitative (topological) features of the network of diesel traction of the Railways of the Republic of 
Kazakhstan, as a 3-level transport network, will be most evident when the "non – overlapping" sets (structural levels 
– railway district, polygon and dead-end sidings) are sufficiently removed from each other. In this case, the value of 
the indicator μ tends to one (1), and the value of the area of the triangle S tends to the maximum (S  max). 


4. Results of calculation and choice of locations  


After the development of a method of quantitative evaluation of the criteria for the relative location of different 
levels of the network of diesel traction and the creation of appropriate calculation algorithms, calculations are made 
based on the data of the network of diesel traction of the Railways of Kazakhstan for 2016.  


When calculating the consumption of diesel fuel and LNG for diesel locomotives on gas motor fuel, the 
following parameters of such recalculation are also considered: 


 
 The coefficient that considers the effect of reducing the specific fuel consumption in the transition to dual-fuel 


(LNG and Diesel fuel) 
 Share ratio in the specific consumption of dual-fuel between diesel fuel and LNG 


 
Further, considering all these conditions, the calculation of the consumption volume of individual fuels-diesel 


fuel and LNG for the network elements and each zone was done. 
Since the article considers the placement of only LNG infrastructure facilities on the network of diesel traction of 


the Railways of the Republic of Kazakhstan, for subsequent calculations, the values of the length of the individual 
element of the diesel network li and the value of the consumed individual elements of LNG ����� are considered. 


Fig. 2 shows the location of the elements of the set A, B and C on the plane (in the coordinate system Y0X) for 
the transformed system of input data for sections and polygons of the entire network of diesel traction of the 
Republic of Kazakhstan. It shows the relative positions of the elements of all three sets consisting of 20 elements. 


On Fig. 2 it can be seen three sets A (transparent railway sections), B (railway polygons) and C (dead-end 
railway sidings) are "non-overlapping": their boundaries are clearly marked in the Y0X coordinate system. 


In Table 2 the values of the index of mutual proximity μ of the entire diesel network and 4 analyzed zones are 
given according to the developed methodology. The analysis of the results performed in Table 2.  


While considering the whole network of diesel traction, as expected, all structural levels are most extremely 
"mixed" with each other and the index of mutual proximity μ has the lowest value (μ=0,244). Here, on the plane 
X0Y, there are many "local" areas of attraction consisting of a polygons, transparent and dead-end lines and 
sections. Some railway sections are combined into large railway lines. Such railway lines, as a rule, are included in 
the international transit corridors on the territory of the Republic of Kazakhstan.  
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between the centroids CA and CB: 


 


DAB  (x A  x B )2  ( y A  yB )2   (6) 


 
If the sets A and B are characterized by the values of diameters and, in the future, such sets are evaluated as "non-


overlapping" when the inequality is satisfied 
 


DAB 
DA


2



DB


2
   (7) 


 
After transformations, this condition is formulated as follows: 
 


AB 
DA  DB


2DAB


1 0   (8) 


 
In this case, the criterion AB  should be taken as an indicator of the pair proximity of the set A and B. It takes 


positive values when the sets are removed on the Y0X plane and there is no "mixing" of their elements. Otherwise, 
the criterion AB  has a negative value (AB  0) . In this case, the gradual mutual removal of "non-overlapping" sets 
A and B will be accompanied by a continuous growth of positive values. 


Thus, from a practical point of view, only positive values AB  are of interest, since it is in this option that the 
analyzed transport system has separate structural levels (in our case, the service area, the training ground service, the 
network of diesel traction).  


Note that the formula (8) is suitable only for 2-level transport structures, so it is necessary to develop this 
technique further and will offer the next stage of modeling. 


The network of diesel traction of Republic of Kazakhstan has a 3-level structure (railway district, polygon and 
dead-end siding), i.e. there are 3 sets A, B and C with the number of transport elements N A , N B , NC  and diameters 
DA, DB, DC. In this case, the formula (6) is pairwise distances between sets A, B and C – DAB, DAC and DBC.  


Similarly, the formula (8) are indicators of pair proximity between sets AB , AC  and BC . The condition of 
their non-negativity is checked. Since the number of transport levels is 3, the unit cubic space in the system of 
rectangular coordinates ����� ���� ���� is now considered.  


Next, we consider the radius vector ρ, which will be inside the considered unit cubic space. 
The maximum possible value of the module reaches the radius vector ρ when the point characterizing the relative 


position of three sets coincides with the top of the cube, the most distant from the origin: 
 



max


 3    (9) 


 
This position of the radius vector corresponds to the case of the greatest distance of all three sets considered from 


each other. In addition, to assess the mutual proximity of the three analyzed sets, it is necessary to apply the 
indicator: 


 
1
3


AB
2 AC


2 BC
2    (10) 
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The implementation of the normalization set 1/√3  in the formula (10) leads to the fact that the proximity index 
in the three-dimensional topological space can vary in the range of values 0   1 . Therefore, it can be concluded 
that the proposed proximity index in the three-dimensional topological space μ of several "non-overlapping" sets is 
based on the account of paired proximity indices of individual sets and is equal to their mean square value. 


Note that the value μ=0 corresponds to the case of the limiting convergence of all three sets without their mutual 
overlap. The value μ=1 corresponds to the case of mutual removal of sets at the maximum possible distance. At the 
same time as the mutual removal of sets on the plane, Y0X will occur and the continuous increase in the 
corresponding value μ.  


On the other hand, the need to build the field of elements of different structural levels of the network of diesel 
traction of Railways of Kazakhstan in the normalized topological space Y0X was noted above. These sets will have 
centers CA  on the plane Y0X (with coordinates ��  and �� ), CB  (with coordinates ��   and �� ) and CC  ( with 
coordinates ��  and ��).  


If you connect these centers, you get a triangle, and the area S of the triangle is the same characteristic of the 
mutual arrangement of sets A, B and C, as an indicator μ. Then the increase in the area of the triangle S can be 
interpreted as a measure of removing the centers of the sets on the Y0X plane: the more becomes, the areas of 
different sets "scatter" on the Y0X plane, i.e. become more "isolated" from each other. 


Thus, the qualitative (topological) features of the network of diesel traction of the Railways of the Republic of 
Kazakhstan, as a 3-level transport network, will be most evident when the "non – overlapping" sets (structural levels 
– railway district, polygon and dead-end sidings) are sufficiently removed from each other. In this case, the value of 
the indicator μ tends to one (1), and the value of the area of the triangle S tends to the maximum (S  max). 


4. Results of calculation and choice of locations  


After the development of a method of quantitative evaluation of the criteria for the relative location of different 
levels of the network of diesel traction and the creation of appropriate calculation algorithms, calculations are made 
based on the data of the network of diesel traction of the Railways of Kazakhstan for 2016.  


When calculating the consumption of diesel fuel and LNG for diesel locomotives on gas motor fuel, the 
following parameters of such recalculation are also considered: 


 
 The coefficient that considers the effect of reducing the specific fuel consumption in the transition to dual-fuel 


(LNG and Diesel fuel) 
 Share ratio in the specific consumption of dual-fuel between diesel fuel and LNG 


 
Further, considering all these conditions, the calculation of the consumption volume of individual fuels-diesel 


fuel and LNG for the network elements and each zone was done. 
Since the article considers the placement of only LNG infrastructure facilities on the network of diesel traction of 


the Railways of the Republic of Kazakhstan, for subsequent calculations, the values of the length of the individual 
element of the diesel network li and the value of the consumed individual elements of LNG ����� are considered. 


Fig. 2 shows the location of the elements of the set A, B and C on the plane (in the coordinate system Y0X) for 
the transformed system of input data for sections and polygons of the entire network of diesel traction of the 
Republic of Kazakhstan. It shows the relative positions of the elements of all three sets consisting of 20 elements. 


On Fig. 2 it can be seen three sets A (transparent railway sections), B (railway polygons) and C (dead-end 
railway sidings) are "non-overlapping": their boundaries are clearly marked in the Y0X coordinate system. 


In Table 2 the values of the index of mutual proximity μ of the entire diesel network and 4 analyzed zones are 
given according to the developed methodology. The analysis of the results performed in Table 2.  


While considering the whole network of diesel traction, as expected, all structural levels are most extremely 
"mixed" with each other and the index of mutual proximity μ has the lowest value (μ=0,244). Here, on the plane 
X0Y, there are many "local" areas of attraction consisting of a polygons, transparent and dead-end lines and 
sections. Some railway sections are combined into large railway lines. Such railway lines, as a rule, are included in 
the international transit corridors on the territory of the Republic of Kazakhstan.  
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The most important value of this indicator is the zone "North-West" (0,703). This is because in the area under 
consideration, the main volumes of cargo turnover are concentrated in several main railway polygons, which are of 
network importance. Therefore, there is a significant "gap" in the X0Y plane between the “polygons” and 
“transparent and dead-end sidings sections” in this zone. 


More revealing, indicator value μ, zone "East – South" (0.305).  
Although the size of the entire diesel network and this zone are not comparable, the structural elements (polygons 


and areas) of this zone are also more distant from each other, as in the network of diesel traction. This indicates the 
uniqueness of the diesel network and the structure of cargo traffic in the area. Such circumstance also speaks about 
“isolation” on the considered characteristics of the zone" East – South» from other zones of gravitation. 


 
Fig. 2. The distribution of the elements of the set A, B and C on the plane X0Y of the whole network of diesel traction. 


 
At the next stage, based on the analysis and evaluation of the attraction areas of individual polygons and sections 


of the network and various zones of attraction on the X0Y plane, the stations with the greatest "gravity" of the cargo 
turnover, and hence the volume of LNG consumption for locomotives on dual fuel was determined. In the future, it 
is planned to place the main LNG infrastructure facilities (CLNG, FCLNG and EST) at such stations on the diesel 
traction network of the Railways of Kazakhstan.  


It is also revealed that there are several competing stations of "gravitation" in the considered zones. Therefore, 
further ranking of such stations in descending order of their rating is made. 


         Table 2. Values of an indicator of mutual proximity of the diesel network and separate zones of gravity. 


Name of the zone of the railway network on diesel traction Steam indicator of proximity sets µ 


Network of diesel traction 0.244 


North – West 0.703 


Center – West – South 0.478 


East – South 0.305 
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In addition, a special role in the assessment and selection of the location of the main LNG infrastructure facilities 
on the network of diesel traction is played by the scheme of the existing natural gas pipeline network in the territory 
of Kazakhstan. It is considered that natural gas pipeline networks in the territory of the Republic of Kazakhstan have 
the status of different levels – mainline (including international) and local.  


Thus, while choosing the "gravitation" station and the location of the main LNG infrastructure facilities, the 
factor of availability of the natural gas pipeline network near these stations, their capacity and selling price of raw 
materials for further fuel liquefaction is considered. 


4. Discussions about further research 


The justification methodology of LNG infrastructure facilities location for locomotives on dual-fuel on the 
example of diesel traction of the railway network of the Republic of Kazakhstan includes all the necessary 
parameters for effective placement of CLNG, FCLNG and EST. 


The only minor changes that may affect the possible recalculation of the "points" of infrastructure facilities 
location, according to the authors, are technological and technical solutions of diesel locomotive engine 
manufacturers. Providing a decrease or increase in the proportion in the value of the specific consumption of diesel 
and LNG fuels between diesel fuel and LNG or technical solutions for the tender of the locomotive, there will be a 
difference in the maximum mileage without refueling. 


In addition, minor changes in the location of "points" may be due to changes in traffic flows and, as a 
consequence, changes in the load inside the zones. 


The authors do not deny the need for further research on this issue and the possibility of applying the 
methodology for justifying the placement of CLNG, FCLNG and EST for locomotives on dual-fuel on other railway 
networks of diesel traction. 


In addition, the authors allow the possibility of expanding the parameters considered by the model to accurately 
determine the “points” of LNG infrastructure location on railway transport. 


5. Conclusion 


As can be seen from the obtained results, on the example of the diesel railway network of the Republic of 
Kazakhstan, the zones of possible use of LNG for diesel traction are almost identical to the zones with passing 
natural gas pipelines. However, considering the length of non-electrified railway lines in Kazakhstan, the effective 
location of CLNG, FCLNG and EST through the network of diesel traction can significantly optimize the social and 
economic effect for all participants in this process.  


They are the owner of the natural gas pipeline, LNG producers (high marginality of LNG and affordable price of 
natural gas due to the proximity of the natural gas pipeline), the railway (the optimal allowable price of LNG with 
the calculation of the main locomotive use, based on its operation (load capacity of the polygon)) and the 
environment (transition to a more environmentally friendly and safe type of fuel compared to diesel fuel). 


Moreover, the authors of the justification methodology of the location of the main LNG infrastructure facilities 
for locomotives on dual-fuel considered the main parameters of the locomotives themselves, as well as the technical 
and technological functionality of the railway stations and depots. 
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Preface 
Under the Natural Gas Roadmap Implementation Committee, the Federal government, 


fuel utility and transportation industries have formed a Natural Gas Emerging Markets 


Working Group (Working Group) with the objective of investigating the potential for 


natural gas as a fuel in emerging markets for transportation in Canada. This Working 


Group is co-chaired by Natural Resources Canada (NRCan), Transport Canada and the 


Canadian Gas Association. This Working Group is undertaking a series of analytical 


projects to identify, evaluate and prioritize opportunities and barriers that relate to the 


adoption of natural gas in the areas of marine, rail and mine-haul transportation. 


The Government of Canada is working towards moving to a cleaner transportation 


sector. The transportation sector represented 23 per cent o f Canada's greenhouse gas 


(GHG) emissions in 2013 and is the second-largest contributor to GHG emissions in 


Canada, after the oil and gas sector. It is also a major source of air pollution (e.g. 


nitrogen oxides (NOx), sulphur oxides (SOx), particulate matter (PM), volatile organic 


compounds (VOCs) and carbon monoxide (CO)). As part of its effort to support the 


transition to a cleaner transportation sector and reduce the sector’s environmental 


impact, the Government of Canada has announced an economy-wide target to reduce 


GHG emissions by 30% below 2005 levels by 2030. Efforts may include such measures 


as the development of policies, regulations and standards to reduce emissions.  


The rail industry in Canada has been actively working with the Government of Canada 


since 1995 to address the impacts of its activities on the environment through a series 


of voluntary agreements to reduce emissions. The most recent Memorandum of 


Understanding (MOU) is the 2011-2016 MOU concerning the emissions of GHGs and 


CACs from locomotives operating in Canada. This renewed agreement encourages 


RAC members in Canada to continue to voluntarily reduce the GHG intensity of their 


operations in-line with mutually agreed targets and to conform to U.S. Environmental 


Protection Agency (EPA) CAC emission standards until the Canadian Locomotive 


Emissions Regulations1 are in force. 


There are also efforts underway to reduce GHG emissions from the rail sector in the 


North American context. The Canadian and U.S. governments and the rail indust ry have 


been working together through the Regulatory Cooperation Council (RCC) to develop a 


Canada-U.S. voluntary action plan to reduce GHG Emissions from Locomotives, which 


would include measures to reduce GHG emissions. This initiative has included 


discussions on technical measures to reduce GHG emissions from locomotives 


including through the use of alternative fuels such as natural gas.  


Historically, during the period of high oil prices, there has been interest from North 


American and rail operators around the world in natural gas fuel. For instance, 


                                                      
1 See Canada Gazette Vol. 150 June 18, 2016: http://www.gazette.gc.ca/rp-pr/p1/2016/2016-06-
18/html/reg4-eng.php  



http://www.gazette.gc.ca/rp-pr/p1/2016/2016-06-18/html/reg4-eng.php

http://www.gazette.gc.ca/rp-pr/p1/2016/2016-06-18/html/reg4-eng.php
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Burlington Northern railroad ran a pilot during the 1990s in its Powder River Basin coal 


service, and Union Pacific (UP) launched a multi-million dollar research program in 


1992 together with Southwest Research Institute to pioneer advanced natural gas 


combustion systems [1]. Interest in natural gas waned over the next 20 years as oil 


prices subsided and technology was not matured sufficiently.  


More recently, starting in 2011, Canadian National launched a research program with 


Westport Innovations and other collaborators to investigate advanced natural gas 


combustion systems for locomotives. This was driven by CN’s desire to look for ways to 


improve operating efficiency and advance the company's sustainability agenda. Spurred 


on by this activity, both major locomotive OEMs commenced development of natural 


gas conversion kits for their locomotives. Primarily the focus has been on Liquefied 


Natural Gas (LNG), but there has also been some investigation of Compressed Natural 


Gas (CNG). BNSF has conducted much of the pioneering work to assess these 


technologies, but wider uptake has been relatively slow, with proponents citing a lack 


standards, particularly for the fuel tenders, as a reason for not adopting. To address 


this, the American Association of Railroads (AAR) set up a Natural Gas Fuel Tender 


Technical Advisory Group which has recently published for comment its first set of 


specifications and standards for LNG fuel  tenders after 3 years of detailed 


deliberations. This represents an unprecedented level of engagement by railroads, 


suppliers and regulators not seen previously. 


The opportunity presented by natural gas as a fuel for rail transportation merits further 


investigation with up to 27% reductions in greenhouse gas emissions reported as 


possible [2].  Although oil prices (and consequently diesel prices) are currently low, 


natural gas commodity prices have also fallen to all-time lows meaning that there is still 


a compelling financial case for using natural gas as a fuel if the locomotive conversion 


costs, fuel tender costs and fuel logistics can be addressed. A 30-50% savings in fuel 


costs have been reported [3] with the use of natural gas. 


In the context of the background set out above, this report under NRCan Contract 


3000631959 aims to evaluate the environmental and economic benefits of natural gas 


in the rail sector. The objective is to estimate the economic benefits of using natural 


gas as a fuel for locomotives in Canada, to evaluate where gaps exist in current 


research on environmental benefits and make recommendations for addressing the 


gaps that are found.   
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Executive Summary 
Natural Gas as an alternative fuel to diesel in the rail industry presents a major 


opportunity for economic benefit to Canada and the Canadian rail sector under the right 


conditions.  The opportunity is concentrated in the mainline freight locomotives that 


burn the majority of fuel (87%) and emit the majority of CAC and greenhouse gas 


(GHG) emissions. 


The source of the opportunity is a price gap between diesel and natural gas that has 


opened since 2011 and looks certain to be sustained based on current Canadian 


National Energy Board (NEB) and U.S. Energy Information Administration (EIA) 


forecasts.  


The analysis performed in preparation of this report suggests that i f rail diesel remains 


over 80c/L, then 40-50% savings in fuel cost can be achieved by converting existing 


locomotives to run on a blend of natural gas fuel and diesel using OEM supplied 


conversion kits, leading to a favourable business case.  To achieve these savings, large 


fleets of locomotives need to be converted and refuelled at centralized refuelling depots 


with new co-located liquefaction plants. Carbon pricing is unlikely to affect the business 


case decision, even at $50/tonne. 


A major investment is required in liquefaction and locomotive equipment, estimated at 


$2.8 billion for the highest potential mainline freight locomotive population of 1,420 


locomotives identified in this report. 


30% average reduction in NO x and 88% reduction in PM are predicted if all locomotives 


were converted from their current t ier status as of 2014 to the best available OEM-


provided natural gas conversion kit.  


Initial dual fuel technologies being deployed do not reduce GHGs, however advances in 


engine technology currently under development by both major OEMs do have the 


potential to reduce GHG emissions. Further R&D is required. 


An unprecedented level of activity focused on natural gas for rail is taking place in the 


U.S. with locomotive OEMs, railroads, railcar manufacturers, the AAR and regulators all 


involved.  Although CN conducted a pilot project in 2013 – 2015, there is currently very 


little activity in Canada. 


Canada could take a leading position by focusing research, development and 


deployment on the technologies and policies required to ensure natural gas for rail has 


both an economic benefit and environmental (GHG) benefit.  


Contractor:  Dr. Paul Blomerus 


  paul.blomerus@outlook.com 


  604-813-1830 


NRCan Contract #: 3000631959  


Contract Award Date: 16 January 2017 
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Section 1: Overview of the Rail Sector 


1.1 Industry Structure 
Canada’s railroad industry transports $280 million worth of goods and 75 million 


passengers each year [4]. Figure 1 shows the breakdown in revenues from freight, 


passenger and other sources and demonstrates that the vast majority (90%) of activity 


is focused on freight movement with over $13 billion of revenue in 2015. 


 


Figure 1 Canadian railroad revenues in 2015 ($ thousand) [4]. 


Canada’s rail industry is dominated by two large freight railroads, Canadian National 


(CN) and Canadian Pacific (CP) which are defined as Class I2.  The mainline freight 


operations of these two railroads are together responsible for 87% of the more than 2 


billion litres of diesel consumed annually by the Canada’s rail industry  in Figure 2. 


                                                      
2: Class I in Canada is defined in Transportation Information Regulations under CTA http://laws-


lois.justice.gc.ca/eng/regulations/SOR-96-334/page-3.html#h-6. See reference [25] for the U.S. 


definition.  



http://laws-lois.justice.gc.ca/eng/regulations/SOR-96-334/page-3.html#h-6

http://laws-lois.justice.gc.ca/eng/regulations/SOR-96-334/page-3.html#h-6





NRCAN-3000631959  Economic and Environmental Benefits of Natural Gas for the Rail Sector 


SectorCONOMIC AND ENVIRONMENTAL BENEFITS OF NATURAL GAS IN 


THE RAIL SECTOR 


 


Page | 2 
 


 


Figure 2 Diesel fuel consumption from Canadian railroads in 2014 (L thousands) [5]. 


Because the Class I freight railroads are responsible for the overwhelming majority of 


diesel fuel consumption, and therefore also fuel cost and emissions, this report will 


focus mainly on this segment of the Canadian rail industry.  


CN and CP are ranked #4 and #6 amongst the North American Class I railroads in 


terms of revenue (see Figure 3). 


 


Figure 3 Class I railroad revenues in 2014 (USD billions) reproduced from [6]. 







NRCAN-3000631959  Economic and Environmental Benefits of Natural Gas for the Rail Sector 


SectorCONOMIC AND ENVIRONMENTAL BENEFITS OF NATURAL GAS IN 


THE RAIL SECTOR 


 


Page | 3 
 


The rail industry contribution to Canada’s GHG inventory in 2014 was 6.6 M tonnes 


CO2e or 4% of total transport emissions [7]. Mainline freight is responsible for the 


largest proportion of GHG emissions (92% or 6.1 million tonnes) [5]. 


The rail industry is responsible for a disproportionally larger share of criteria air 


contaminants (CACs), with NOx emissions accounting for 9% of total Canadian 


transport emissions in 2008 [8]. By 2015 this had increased to 12% or 125 thousand 


tonnes [9]. This is due to the fact that other sectors of the transport sector have 


achieved greater reductions in NOx emissions over the same time period and that 


carload volumes in the rail sector have increased.  


Particulate Matter (PM) emissions from rail transportation in 2015 were 3,012 tonnes or 


6% of total transport emissions in Canada [9].  
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1.2 Market and Competitiveness Issues 
The rail freight industry business mix has seen a significant shift over the past 10 


years. Figure 4 shows the dramatic increase in intermodal container traffic (primarily 


international) over the past 10 years and the declines in forest products, metals and 


paper products traffic. The industry has had to make investments in new products and 


services to react to this changing market demand. The three highest growth 


commodities (Intermodal, Manufactured & miscellaneous and Food products) all face 


competition from trucking. 


 


 
 
Figure 4 The changing face of Canadian railroad traffic: compounded annual growth rate 2006-


2015 by commodity group [4]. 
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Diesel fuel is a major portion of railroad operating costs . Figure 5 illustrates that, on 


average, fuel makes up 18% of railroad operating expenses.  


 


 


Figure 5 Canadian Railroad Operating Expense Breakdown 3 2006-2015 Average [4]. 


Diesel fuel prices are volatile and subject to changes in global oil prices and exchange 


rate fluctuations. Consequently, fuel as a percentage of operating costs varies 


significantly from year to year increasing to greater than 20% in years where crude oil 


prices approached $100 and the Canadian dollar was weak.  Fuel operating expense is 


closely correlated to the average price of crude oil.  US Class I railroads see even larger 


variations in fuel operating expense percent with 2012 seeing the largest value in the 


past 10 years, with 28.6% of operating expenses spent on USD 11.5 B of fuel [10]. 


 
 


                                                      
3 Transportation costs are expenses incurred through the movement of rolling stock 


(locomotives, railcars, etc.) that are not reported under other operating expense categories.  
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Figure 6 Variation in fuel as a percentage of operating expenses with oil p rice 


 
Canadian railroads paid, on average, 82c/L of diesel over the period 2006-2016 [4].  


This equates to $21.20 per Gigajoule (GJ).  The high diesel prices in 2011 – 2014 was 


the principle driver of railroad interest in natural gas as a fuel.  Recent price decreases 


in diesel fuel in 2015 and 2016 has diminished the economic case for using an 


alternative fuel, but the strong correlation of the diesel fuel price to oil prices allows us 


to project forward the expected price of diesel for Canadian railroads in 2016 and 2017.  


Figure 7 illustrates that the continued weak Canadian dollar combined with 


strengthening oil prices from their lows in 2016 will likely result in rail diesel prices once 


again approaching and exceeding the $1/L level, once again bringing fuel costs into 


sharp focus for Canadian railroads. 


 


 
Figure 7 Canadian diesel fuel price: actual [4] and projected. 
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Figure 7 also illustrates the volatility in diesel price (44c/L between peak and trough  


over the 10 year period). Railroads concerned with this volatility will be interested in the 


potential for natural gas to provide a source of fuel with less price volatility.  Since 


2008, natural gas prices have remained relatively stable.  Because the  natural gas 


commodity cost is a smaller proportion of the overall LNG fuel price, LNG should be 


proportionately less volatile in price.  See Section 2.1 for more de tail on the relative 


prices of diesel and LNG.  


IMPACT OF CARBON TAX 


In March 2016, the Government of Canada proposed a pan-Canadian approach to 


pricing carbon pollution with a price on carbon starting at  a minimum of $10 per tonne 


in 2018, rising by $10 per year to $50 per tonne in 2022.  


In British Columbia, the current $30/tonne carbon tax is assessed according to the 


Ministry of Finance Bulletin MFT-CT 005 as follows: 


 Locomotive Fuel 7.67c/L 


 Natural Gas  1.4898 $/GJ 


 Natural Gas  5.76c/DLE4 


In Alberta, a $20 per tonne tax came into effect 1 January 2017, rising to $30/tonne on 


1 January, 2018.  The published carbon levies for $30/tonne are as follows:  


Diesel   8.03 c/L 


Natural Gas   1.517 $/GJ 


Natural Gas  5.81c/DLE 


The likely carbon tax and the advantage offered by natural gas fuel for rail operators is 


calculated in the table below by extrapolating the average published values above. 


Carbon tax [$/tonne] $10 $20 $30 $40 $50 


Diesel [c/L] 2.56 5.11 7.67 10.23 12.78 


Natural Gas [c/DLE] 1.90 3.81 5.71 7.62 9.52 


Difference [c/L] 0.65 1.30 1.96 2.61 3.26 


 


Even at $50 per tonne, the potential saving of 3.26c/L would only equates to around 


$30,000 per locomotive per year (based on an average fuel burn of 963,000 L per year 


for a Class I freight locomotive) and is therefore unlikely to drive the decision to 


consider natural gas as an alternative fuel in isolation.  


                                                      
4 Converted to diesel litre equivalent (DLE) using an energy intensity of 38.68 MJ/L  
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1.3 Regulatory Framework  


TRANSPORT OF LNG BY RAIL 


The transport of LNG by rail in Canada is permitted and is regulated by Transport 


Canada through the Transportation of Dangerous Goods (TDG) Act and the TDG 


Regulations. The TP14877 standard for railway tank cars is referenced in the TDG 


Regulations. It sets out tank car specifications for LNG transport. In addition to the 


DOT/TC113C120W tank car specification, there is also a TC113C140W standard. UN 


portable tanks, also called ISO containers, complying with the T75 instruction may also 


be used and CSA B625 is the standard for their design and use.  


The equivalent transportation of dangerous goods legislation in the U.S. is  the Federal 


Hazardous Materials Regulations (HMR) contained in Title 49 Code of Regulations 


(CFR) Parts 171-180. Currently 49 CFR 172.101 does not permit the transportation of 


LNG by rail either in a tank car or UN portable tank. 


LNG FUEL TENDERS 


With regard to the application of dangerous goods legislation to LNG tenders, the 


Federal Railroad Administration (FRA) published a clarification in a letter to BNSF 


dated 13 May 2013 [11].  It explains that 49 CFR § 171.8 contains an exemption for a 


fuel tank used only for supplying fuel to operate a transport vehicle or its auxiliary 


equipment. This exemption can be applied to LNG tenders. Canadian TDG regulations 


provide a similar exemption under SOR/2008-34 1.27 however its interpretation by 


Transport Canada for LNG fuel has not been publicly clarified.  At present, Transport 


Canada issues equivalency certificates permitting the use of natural gas tenders on a 


case-by-case basis. This may be sufficient for pilot testing or small scale deployments 


of natural gas locomotives however it does not provide regulatory certainty to the rail 


industry if it were to pursue large scale adoption of natural gas as a fuel. An 


amendment to the TDG Regulations (or at least a clarification that the SOR/2008-34 


exemption also applies to LNG tenders) would be required to allow the use of LNG fuel 


tenders for railway operations without the need for an equivalency certificate.  


NATURAL GAS LOCOMOTIVES 


Locomotives converted to be fuelled partially or fully on natural gas must meet the 


requirements set out within the Railway Locomotive Inspection and Safety Rules . The 


equivalent U.S. regulation is 49 U.S.C. Chapter 207, Locomotives - formerly known as 


the Locomotive Inspection Act (LIA).   


Railroads wishing to operate natural gas fuelled equipment in the U.S. must conduct a 


comprehensive safety analysis and provide it to the FRA for approval. The p rocedure is 


clarified in the policy and guidance letter from 2013 [12]. It is not clear what additional 


requirements must be met to move from testing to full  revenue service. 


This report has not considered the regulatory framework for buildings (e.g. maintenance 


facilities) that vehicles carrying LNG or gaseous natural gas.  Further research is 


required to understand the impact these regulations may have on the investment 


required by railroads. 
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PROPOSED LNG FUEL TENDER SPECIFICATIONS AND STANDARDS 


Because several of the Class I railroads began to focus on natural gas as an alternative 


fuel in 2012, the AAR formed a Natural Gas Fuel Tender Technical Advisory Group 


(NGFT TAG) in October 2012. The TAG’s mission is to develop AAR Fuel Tender 


Specifications and Standards to support the use of natural gas as an alternative 


locomotive fuel. Membership includes railroads and the AAR’s Transportation 


Technology Centre Inc., along with the U.S. FRA, the U.S. Department of 


Transportation Pipeline and Hazardous Materials Safety Administration . A number of 


component, railcar manufacturers and the locomotive OEMs participate as observer-


participants.  Representatives from Transport Canada are also included in the process.  


On 19 December 2016, the TAG published the following documents for comment in 


AAR Circulars C-12766 - C-127705:   


 Proposed new Specification M-1004, Fuel Tenders for Natural Gas and Other 


Alternate Fuels 


 Proposed new Standard S-5025, Gaseous Natural Gas Supply Hose Unit for 


Natural Gas Fuel Tenders 


 Proposed new Standard S-5026, Heat Exchange Fluid Hose Unit for Natural Gas 


Fuel Tenders 


 Proposed new Standard S-5027, 21-Point Control Plug, Cable Assembly, and 


Receptacle (TC-21 Tender Control Cable) 


 Proposed new Standard S-5028, Safety Appliances for Tank Car-Style Natural 


Gas Fuel Tenders 


A comment period of 45 days was extended and following consideration of comments 


received by the TAG, the specification and standards will be implemented.  The M-1004 


specification and the related standards (S-5025 – S-5028) identify the tender’s 


structural design requirements, operating performance, crashworthiness, fuel interfaces 


needed to supply natural gas to dual fuel locomotives, and fue lling interfaces needed to 


fuel the tender. In its initial format, the M-1004 specification has a chapter detailing the 


requirements for a tank-car style tender based on a DOT113C120W tank car. Tenders 


utilising a UN portable tank as the LNG storage tank can also be designed to the M -


1004 standard according to the AAR representative responsible for the TAG.  The NGFT 


TAG now plans to work on the additional chapters to the specification to cover CNG 


tenders.   


Note that unless amended, the interconnect standards are only applicable for the 


current generation of dual fuel locomotive modification kits from GE and EMD and 


would not accommodate high-pressure gas or LNG to cross the tender-locomotive 


coupling potentially required for high-pressure direct injection fuel systems without 


further amendment to the specification. 


                                                      
5 AAR Circulars are not public documents and are usually only available to AAR members, but 
because of the broader interest in Fuel Tenders, these circulars were made available to all 


interested parties. 
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1.4 Available Fuels and Specifics of their Use 
The table below sets out the basic chemical properties of gaseous natural gas 


compared to diesel as a fuel for locomotive engines. 


 Diesel Natural Gas Units 


Specific Energy (LHV) [13] 42.91 45.86 MJ/kg 


Energy Density [14] 38.68 0.0373 MJ/L 


CO2 Emissions Intensity [15] 74.1 56.1 tCO2/TJ 


Flash Point 74 -184 °C 


Auto ignition Temperature 316 540 °C 
 
It should be noted that the CO2 emissions intensity suggests that on an equivalent 


efficiency combustion basis, tank-to-wheels emissions reductions of 24% are possible. 


A full lifecycle assessment of the GHG emissions is required to calculate the true GHG 


reduction potential that takes into account upstream well -to-tank emissions and the CO2 


equivalent of potential fugitive methane emissions  (including exhaust methane slip). 


The auto ignition temperature of natural gas is higher than diesel which leads to the 


challenges of using it as a fuel in a conventional compression ignition engine.  Though 


the specific energy looks attractive because more energy is contained per unit mass  


compared to diesel, the extremely low energy density of the fuel in its gaseous form 


quickly leads to the conclusion that it must either be compressed or liquefied for 


storage to make sense in a vehicle context.  


In considering both LNG and CNG, the table below illustrates the relative properties 


compared to the reference diesel fuel.  


 Diesel LNG CNG 


Storage Pressure 1 bar 8 bar 250 bar 


Storage Temperature Ambient -160°C Ambient 


Energy Density 35.8 MJ/L 22.2 MJ/L 9 MJ/L 


    


In order to achieve the improved energy densities of CNG and LNG compared to 


gaseous natural gas, cryogenic temperatures (in the case of LNG) and high pressure 


(in the case of CNG) are required.  The tanks, required to maintain the low temperature 


or high pressure respectively, add additional mass and volume to the fuel tank system 


compared to diesel, thereby reducing the effective energy density and specific energy 


available.  The effect on energy density is exacerbated because of the cylindrical form 


factor required for the CNG and LNG tanks which makes them unable to make efficient 


use of rectangular spaces like the fuel tank on a mainline diesel locomotive. 


Because of the superior energy density of LNG over CNG, most railroads have 


concluded that LNG is the best candidate for mainline freight operation. Because of the 


additional space required to achieve an equivalent energy quantity of fuel  to the amount 


of diesel currently used, there is insufficient room on the locomotive to store sufficient 


LNG fuel to achieve the range required between refuelling of a line haul freight 


locomotive.  An LNG tender is therefore required coupled to the locomotive (or 
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locomotives) that it provides fuel for.  Those railroads also considering CNG as a 


storage means for shorter range operations (Norfolk Southern) have also concluded 


that a CNG tender arrangement is required. For yard switching, CNG storage on the 


locomotive may be possible. 


The impact on the train operation (range, train length, additional tonnage) of the chosen 


fuel storage medium for natural gas fuel (LNG or CNG) depends on a number of 


factors: 


a) Engine efficiency in natural gas mode 


b) Diesel substitution % 


c) Fuel tender capacity 


d) Fuel tender configuration 


Consideration will be given to these factors and their impact on railroad operation in 


Section 1.5 below. 
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1.5 Equipment and Approaches for Natural 


Gas 
 


Canadian Locomotive Inventory Analysis 


Of the 2,700 locomotives active in Canada in 2014, 239 were engaged in passenger 


operations, with the remaining freight locomotives deployed  as follows [5]: 


 1,961 in Class I freight service 


 288 in Regional and Short Line freight service  


 212 in Yard Switching or Work Train service 


Reference [5] provides a detailed inventory of locomotives in Canada from 2014 by 


manufacturer and model. Based on this data, the manufacturer market share 


distribution of the existing locomotive inventory can be calculated. Figure 8 shows that 


locomotives are relatively evenly distributed between the two main manufacturers, 


Caterpillar’s Electro-Motive Diesel (EMD) and General Electric (GE). The majority of the 


older diesel locomotives (pre 1990 year of manufacture) were manufactured by EMD. 


Locomotives are long-lived assets and undergo remanufacture in preference to 


replacement.  


 


 
Figure 8 Mainline freight locomotive installed base engine manufacturer market share 2014 


 
Combining the manufacturer model information with annual diesel fuel consumption 


figures for categories of locomotives provided in reference [5], a model of individual 


locomotive fuel consumption can be created. The model focuses on the 4 major 


varieties of engine used to power the Class I mainline freight locomotive fleet : 
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EMD 645:  The previous generation of EMD’s 2-stroke diesel engine with 645 


cubic inches engine capacity per cylinder.  It was used in EMD’s popular GP -40 


and SD-40 locomotive series manufactured up to the mid-1980s with a maximum 


of 3,800 hp in a V16 configuration 


EMD 710: A more powerful 2-stroke diesel engine with 710 cubic inches 


capacity per cylinder.  Used in EMD’s SD-60, SD-70 series locomotives up to 


the present day.  Recently superseded by EMD’s new V12 4-stroke 1010 engine. 


GE FDL: Refers to GE’s previous generation 16-cylinder 4-stroke engine used 


to power the popular Dash8 and Dash9 locomotive series up to around 2005/6. 


GE EVO: Refers to the latest generation of GE 12-cylinder 4-stroke engine used 


to power the Evolution series ES44 locomotives up to the present day.  


 
Using the average horsepower and a utilization factor that takes into account the fact 


that more modern reliable locomotives have higher utilizations that their older 


counterparts, the average fuel consumption for each locomotive subtype can be 


estimated. The model is shown in the table below: 


  
Number of 


Locomotives 


Average 
hp 


Rating 
Utilisation 


Factor 


Fleet 
Annual 


Fuel Usage 
(L thousands) 


Average 
Locomotive 


Fuel 
(L thousands/ 


year) 


Locomotive 
Annual fuel 


Cost  
($ thousands) 


Class I Freight 1,992   1,918 963 790 
 Mainline 1,647   1,813 1,101 902 


EMD 645 227 2562 80% 149 658 540 
EMD 710 475 4238 90% 582 1225 1,005 
GE FDL 597 4174 80% 640 1073 880 
GE EVO 348 4380 90% 441 1267 1,039 


 Road Switcher 345 1900 50% 105 305 250 
Regional and Short Line 
Freight 


288   109 380 311 


Switching and Work 
Train 


212   73 345 283 


Passenger 230   97 422 346 
 


Number of Locomotives: Data from Locomotive Emissions Monitoring (LEM) 


Program 2014 Report [5] 


Average hp rating: Calculated from fleet data in Appendix B-2 of the LEM 


Report 


Utilisation factor: Model assumption 
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Fleet Annual Fuel Usage: Category data is from the LEM Report. Engine model 


grouping data is calculated a function of (Number of Locomotives x Average hp 


rating x Utilisation Factor) 


Average Locomotive Fuel:  The estimated average fuel used by an individual 


locomotive in this category calculated as Fleet Annual Fuel Usage/Number of 


Locomotives. 


Locomotive Annual Fuel Cost:  The estimated annual cost to the railroad to 


provide fuel for a locomotive in that category calculated as Average Locomotive 


Fuel x Fuel Price, where Fuel Price is the average over the period 20 06 – 2016 


of 82c/L 


  


The results are summarized in the chart in Figure 9 below and show that high 


horsepower mainline freight locomotives have the highest annual fuel consumption . The 


1,420 locomotives this subgroup are powered by only 3 engine types (EMD 710, GE 


FDL and GE EVO) in 5 locomotive models. These high fuel burn locomotives cost the 


railroads around $1 million per year on average to fuel.  


 


Figure 9 Calculated average annual locomotive fuel consumption and population 


. 
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Locomotive technology approaches 


This section summarizes the locomotive engine technologies deployed or tested in 


North America. 


Aftermarket Dual Fuel Conversion Kit 


The most popular aftermarket dual fuel conversion kit trialed in North America is 


produced by Energy Conversions Incorporated (ECI).   The ECI 645E-DF kit is available 


for the EMD 645 engine and includes modified pistons to reduce the compression ratio 


and a modified cylinder head to permit gas injection. Reported emissions results on the 


company web page indicate increased CO levels and NOx and PM levels in the range 


of EPA Tier 2 standards. Engine efficiency decreased because of the modified pistons 


and methane slip (defined as the percentage of natural gas injected passing un -


combusted into the exhaust system) was significant (~8%). The ECI conversion is not 


sanctioned or supported by the OEM. The kit was most recently tested by CN in its 


2013 pilot project as described below.  Railroads are now more focused on the 


conversion kits released and supported by the OEMs.  


Aftermarket Spark Ignited Conversion Kit 


Energy Conversions Inc. also produces a spark ignition conversion kit to convert an 


EMD 645 engine into a dedicated gas engine. The ECI 645SIP kit includes modified 


pistons to reduce the compression ratio and a modified cylinder head to permit gas 


injection.  The diesel injectors are replaced by a pre-chamber spark ignition system. 


The ECI conversion is not sanctioned or supported by the OEM. The kit is currently 


undergoing testing by Norfolk Southern. Spark ignited engines are not viewed as a 


viable solution for mainline freight locomotive operation due to their reduced power 


density compared to diesel.  


GE NextFuel 


GE has developed a dual fuel version of the 12 cylinder EVO engine .  The GE NextFuel 


product includes individual gas injectors positioned in the air intake of each cylinder , 


replacing a portion of the diesel fuel with natural gas . The product is available as a 


conversion kit.  When running in gas mode, the product currently achieves 50% diesel 


substitution on the AAR duty cycle at EPA Tier 3 emissions.  PM is reported to be 


significantly lower in dual fuel mode that the Tier 3 emissions limit of 0.1 g/bhp.hr limit 


and approach Tier 4 standards. A diesel oxidation catalyst is used to control CO. The 


OEM does not report the increase in specific fuel consumption due to the dual fuel 


system.  GE NextFuel locomotives have accumulated 136,000 miles o f running with no 


loss of performance and comparable reliability to a diesel locomotive. An upgrade to the 


NextFuel product is under development that will achieve up to 80% substitution and 


reduced methane slip percentage. The NextFuel product is currently available on all 


Tier 2+/Tier 3 EVO powered locomotives.  GE plans to move to develop a dual fuel 


conversion kit for the popular FDL engine used in the older Dash 8 and Dash 9 


locomotives subject to customer demand.  GE will also evaluate a Tier 4 gas solution 


subject to sufficient customer interest.  
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EMD Dynamic Gas Blending (DGB) 


EMD has developed a dual fuel version of the popular 16-cylinder 2-stroke 710 engine. 


The EMD DGB product includes individual gas injectors positioned in a scavenge port 


of each of the cylinders, as shown in Figure 10, replacing a portion of the diesel fuel 


with natural gas.  The kit is reported to be capable of 60-65% diesel fuel substitution at 


EPA Tier 3 emissions with confidential values of methane slip when running in gas 


mode.  The OEM also does not report the increase in specific fuel consumption due to 


the dual fuel system.  The EMD DGB kit is available for all 710-series 16-cylinder 


engines if they are upgraded to the latest electronic control standard. EMD has 


accumulated over 90,000 miles of field testing and reports no major reliability issues 


with the system. 


 


Figure 10 EMD DGB system introduces gas through the scavenge port of the 2 -stroke engine. 
[Image: EMD] 


EMD Direct Injection Gas 


EMD has developed a high-pressure direct injection gas version of the 16-cylinder 710 


engine using technology licensed from Westport Innovations in a May 2012 deal .  The 


engine relies on a diesel pilot injection for ignition (less than 5% of fuel). The engine is 


reported to achieve almost 0% (undetectable) levels of methane slip in the exhaust and  


to improve the fuel efficiency (and therefore specific fuel consumption). EMD reports 


CO2e reductions in emissions of 25%.  EMD is testing this technology in a durability test 


cell, as shown in Figure 11, and has also built a prototype locomotive with this 


technology installed. Plans for field testing are subject to customer interest and 


provision of a suitable LNG tender capable of supplying the high -pressure natural gas 


required. 
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Figure 11 EMD direct injection gas durability engine in test cell . [Photo: EMD] 


Tender technology approaches 


A tender refers to a rail vehicle coupled to one or more locomotives for the purposes of 


supplying fuel.  The term originated during the steam era when tenders carried coal and 


water for the steam engine.  UP and Burlington Northern ran diesel tenders in service 


during the 1980’s and 1990’s.  


In an LNG tender, the natural gas fuel is stored as a cryogenic  liquid at -162°C in a 


vacuum-insulated double-walled tank.  The tender must be equipped with a means of 


warming the LNG to vaporize it ready for injection into the engine.  Locomotives are 


therefore equipped with a secondary glycol filled coolant loop that transfers heat from 


the engine cooling system to the vaporizer on the tender by circulating the coolant to 


the tender by means of an electrically driven pump on the locom otive.  In order to 


increase the pressure in the fuel sufficiently to achieve the desired flow rate and 


pressure to the locomotive engine, tenders are equipped with a pressure-build-up unit 


that vaporizes a small portion of the LNG to produce pressure in the tank, an 


electrically driven pump, or both.  Tenders therefore also require electric power, 


controls linkages and pneumatics (air) for brakes and control valves. 


Two strategies have emerged for LNG tender configuration: 


LNG ISO tank tender 


The ISO tank tender is based on a repurposed intermodal well car. The LNG is stored 


in a UN portable tank (often called an ISO tank because its dimensions conform to the 


International Standards Organization shipping container standards). 40’ ISO tanks are 


the traditional means of storage which can provide approximately 40m3 of LNG.   


In the CN design built using Westport equipment, the tank and the gas conversion 


equipment is mounted in the recessed 48’ well of the intermodal car and covered by 


protective shielding as can be seen in Figure 12 and Figure 20.   BNSF also purchased 
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a number of LNG fuel tenders with this 48’ well car design, though without the 


protective shielding in the CN design.  


 


Figure 12 CN tender design using intermodal well car. [Image: Westport] 


In the Chart design, pictured in Figure 13, ordered by Florida East Coast Railway 


(FECR), only the UN portable tank is mounted in the recessed 40’ well and the gas 


conversion equipment is mounted on either end of the intermodal car reducing the car 


length by approximately 8’.  


40m3 of LNG stored in an ISO tank tender can provide approximately 6,000 diesel 


gallon equivalent (DGE) energy units.  By comparison, a typical modern 4,400 hp 


mainline EMD or GE freight locomotive has a diesel fuel tank with 5,000 gallon 


capacity. A tender with this capacity supplying locomotives with natural gas at 60% 


diesel substitution will have approximately the same range as a locomotive equipped 


with a 5,000 gallon diesel tank.  


 
Figure 13 Chart Industries ISO tank tender design. [Image: Chart Industries] 
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LNG tank tenders 


The first LNG tenders were based on a tank car design. The units for Burlington 


Northern during the Powder River Basin coal service trials (Figure 14) and UP tenders 


ordered for the advanced gas combustion program (Figure 15) were both of a tank 


configuration with a so called through sill or under sill forming the backbone of the 


tender, as opposed to the stub sill design utilized by popular DOT111 and DOT113 tank 


cars where the tank itself carries the longitudinal loads . 


 
Figure 14 Burlington Northern tank tender. [Photo: Chart Industries] 


 
Figure 15 UP tank tender. [Photo: Chart Industries] 


Specialty cryogenic equipment manufacturer Chart Industries has a long history in 


manufacturing both LNG tenders and LNG tank cars, and has taken a leading role 


providing inputs to the AAR task force creating the standard for LNG fuel tenders.  In 


addition, major railcar manufacturers have shown an interest in this market for LNG 


tenders.  In particular, Trinity Industries has played a leading role, having acquired 


WesMor Cryogenics in January 2014.  Other manufacturers involved in LNG tender 


discussions include INNOX CVA, Greenbrier and Hitachi High-Tech. 


Tank tenders designed to the new AAR M-1004 specification would have a capacity of 


29,325 gallons of LNG.  When converted to diesel equivalent energy, this equates to 


approximately 17,500 DGE.  Even if required to supply two locomotives with 100% gas, 


such a tank tender could achieve 75% greater range than a conventional diesel 
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locomotive equipped with a 5,000 gallon fuel tank6.  A dual fuel locomotive using both 


diesel and LNG would be capable of 2.75 times that of a locomotive using diesel alone, 


opening the possibility of improved operational efficiency of trains (fewer stops for 


refuelling) and more concentrated capital investment in LNG refuelling infrastructure. 


Price estimates for LNG tank tenders vary cons iderably depending on the configuration 


and quantity.  No firm orders have been publicized for tenders designed to the new 


AAR M-1004 specification. 


  


Current natural gas locomotive deployment projects 


Several major North American railroads have embarked on projects to conduct pilot 


testing, and in some cases utilise natural gas in revenue service. The major projects 


are summarised below. 


BNSF 


Since 2013, BNSF has been testing dual fuel natural gas products from both EMD and 


GE. BNSF has refurbished and modernized tank tenders from the original Burlington 


Northern7 natural gas locomotive trials in the 1990’s  to provide fuel.  Figure 16 shows 


the tender coupled to two EMD SD70 locomotives converted using the DGB system 


described below.  BNSF testing has provided important information for other AAR 


member railroads, locomotive OEMs and tender manufacturers through the AAR task 


force that has been formed around the NGFT TAG. 


 
Figure 16 BNSF refurbished LNG tank tender with EMD SD70 DGB locomotives . [Image: Trains 
Magazine] 


 


  


                                                      
6 17,500 gallons / 2 = 8,750 gallons. 8,750 is 75% larger than 5,000.  
7 Burlington Northern is the predecessor company of BNSF  
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Florida East Coast Railway (FECR) 


In 2014, as part of a large fleet renewal program, FECR purchased 24 GE ES44C4 “gas 


ready” Tier 3 diesel locomotives.   ISO tank style tenders were purchased from Chart 


Industries.  The LNG fuel tender and locomotive are show in Figure 17. 


 
Figure 17 FECR ISO tank style LNG tender and GE NextFuel locomotive . [Image: FECR] 


Approval from the FRA for revenue service operation was obtained in June 2016. GE 


reports that 12 locomotives have been converted with 4 more in the process of 


conversion as of the date of this report .  All 24 locomotives are expected to be 


converted by the end of 2017.  The locomotive conversions are being carried out at the 


FECR maintenance facility, however the engine conversion is being carried out at a GE 


facility. 


As part of the project, FECR has built and commissioned a fixed LNG refuelling station 


for LNG tenders and is using this to refuel the tenders as shown in Figure 18. 


 


Figure 18 FECR LNG tender refuelling station. [Photo: GE] 
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CN 


In 2013, CN retrofitted two EMD SD40 locomotives with the ECI 645E-DF conversion 


kit.  The locomotives operated with a tender provided by UP on a 300km run between 


Edmonton and Fort McMurray.  Figure 19 shows the two locomotives in consist with the 


LNG fuel tender. The trial was subsequently decommissioned and the tender returned 


to UP. 


 
Figure 19 CN Converted SD40s in consist with LNG fuel tender . [Image: HHP Insight] 


 
In 2014, CN converted two EMD SD70 locomotives with the EMD DGB conversion kit.  


CN built four ISO tank tenders with equipment purchased from Westport (manufactured 


in partnership with INNOX CVA) and operated the locomotives briefly on the same track 


between Edmonton and Fort McMurray.  The locomotives have subsequently been 


returned to diesel service and two of the tenders are still stored in Edmonton as shown 


in Figure 20 


 
Figure 20 CN tenders purchased for EMD DGB trial currently stored in Edmonton . [Photo: 
Canadian Rail Observer] 
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Norfolk Southern 


Norfolk Southern has converted an EMD GP38 locomotive using an ECI 645SIP kit. 


Fuel is provided by a converted locomotive underframe coupled to the gas locomotive 


with CNG tanks installed. Norfolk Southern has stated that they do not currently see a 


prospect for building additional units.  


Indiana Harbor Belt 


Indiana Harbour Belt railroad ran an extensive procurement competition from 2013 to 


2016 to select vendors to convert 21 EMD SW1500 switchers to run on CNG.  


According to HHP Insight [16], R.J. Corman Railpower Locomotive has been selected to 


re-engine each locomotive with a pair of Caterpillar C18 engines converted to dual fuel 


operation using a relatively unknown kit provided by OptiFuel Systems. Very little public 


information is available about the OptiFuel system. The initial project scope was to use 


Cummins QSK19L engines with EcoDual kits. The locomotives will be equipped with 


onboard CNG cylinders for fuel storage .  A previous plan to convert 10 GP-40 locomotives 


using Cummins QSK38L engines with EcoDual k its appears to have been abandoned. 
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Section 2: Drivers for Exploring Natural Gas 


and Potential Benefits 


2.1 Economic Outlooks and Benefits  


The economic opportunity of utilising natural gas as a fuel for rail is illustrated in Figure 


21 below reproduced from the NEB Energy Outlook report. A sustained price gap of 


more than $10 per GJ between diesel and natural gas has been maintained since 2011.  


 


Figure 21 Wholesale diesel vs. natural gas prices [17]. 


However, to convert the natural gas into usable fuel it must be liquefied , the fuel 


tenders acquired and the locomotives converted to burn natural gas in favour of diesel. 


How much do these incremental costs eat into the price gap illustrated? To illustrate 


how these additional costs impact the economics, a model of total locomotive fuel price 


can be constructed including amortized capital and incremental operating expenses 


incurred.  This is by no means a comprehensive analysis and is only intended to 


provide a directional framework for the opportunity assessment.  Further work is 


required to complete a more detailed assessment.  
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Figure 22 Comparison of LNG cost to diesel including carbon tax . 


 
Figure 22 shows the comparison between the future price of LNG compared to diesel if 


the strategy outlined in the assumptions below were followed. It indicates a potential 


saving of 44% for this future LNG price compared to diesel. The assumptions used to 


derive these results are provided below and are based on industry estimates for a 


dedicated small to medium scale liquefaction facility constructed adjacent to the rail 


yard to eliminate any truck transfer of LNG. Transportation can add anywhere from 


10c/DLE to 30c/DLE depending on the length of haul required by the road tanker truck.  


This is why it is essential to collocate the liquefaction facility with the rail refuelling 


facility. Current LNG prices including road tanker delivery are approximately $0.70/DLE 


which would only represent a very small saving compared to rail diesel.  The 


assumptions used to calculate the Future LNG price are set out below:  


Liquefaction and refuelling 


Capacity     400,000 L/day 


Capital Cost     $80m 


Utilisation     60% 


Depreciation Period    20 years 


Annual Capital Amortization Cost   $1.18 / GJ 


Operating Cost    $1.65 / GJ 
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Locomotive 


Conversion cost8   $600,000 


Depreciation period   10 years 


Annual maintenance cost  5% of initial cost 


Diesel Substitution    75% 


 


Tender 


Tender cost    $800,000 


Depreciation period   15 years 


Annual maintenance cost  5% of initial cost 


Locomotives per tender9  1.5 


 


Fuel Prices 


Diesel    $0.82/L  10 year Canadian rail diesel average 


Exchange Rate 0.75 USD/$ 


Natural Gas  $4.53/GJ 10 year average of NEB reference projection 


Carbon tax  $50/tonne  


A sensitivity analysis to diesel price and diesel substitution percentage is presented in 


Section 2.2 below, however by continuing to use the reference case presented above it 


is possible to estimate the investment required and economic benefit in reduced 


transportation cost for Canada.  The locomotive population model from Section 1.5 is 


used to simulate a scenario where the highest fuel burn mainline freight locomotives 


powered by engines with conversion kits are either in production or planned by OEMs 


are converted to run on natural gas. The locomotive population subset and its 


calculated fuel consumption is summarised in the table below. 


Locomotive Engine 
2014 Population 


[Number of locomotives] 


Estimated total 
annual fuel 


consumption  
[L millions] 


EMD SD60/SD70 710 475 582 


GE Dash8/Dash9 FDL 597 640 


GE ES44 EVO 348 440 


TOTAL  1,420 1,663 


                                                      
8 Refers to the cost of the kit plus the cost of upfit to the locomotive.  
9 Many line haul freight locomotives operate in distributed power applications in the middle or at 
the rear of the train where they will require a dedicated tender. In addition, locomotive consists 
may be made up of 3 locomotives where the 3 rd locomotive will require its own tender.  A 
nominal value of 1.5 was used as a midpoint between shared tender 2.0 and dedicated tender 
1.0. 
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Using the assumptions presented above, the investment values and economic benefits 


for this group of 1,420 locomotives is calculated below.  


 


Investment: 


Investment Item 
Investment 


($ thousands) 
Locomotives 


Served 
Cost per loco 
($ thousands) 


Total for fleet 
of 1,420  


($ millions) 


Liquefaction and 
Refuelling 80,000 98 814 1,156 


Locomotive Conversions 600 1 600 852 


LNG Fuel Tenders 800 1.5 533 757 


Total   1,947 2,765 
 


 


Economic benefit: 


 


Annual savings  $500 million10 


  


                                                      
10 Calculated based on 1,663 million litres of diesel burned annually by the target population of 
1,420 locomotives, 75% diesel substitution and 40c/L price difference.  







NRCAN-3000631959  Economic and Environmental Benefits of Natural Gas for the Rail Sector 


SectorCONOMIC AND ENVIRONMENTAL BENEFITS OF NATURAL GAS IN 


THE RAIL SECTOR 


 


Page | 28 
 


Environmental Benefit 


Criteria Air Contaminants 


The US EPA line haul locomotive emissions standards  [18] together with EPA estimates 


for non-regulated emissions are presented in the table below. 


US EPA Line Haul Locomotive Emissions Standards [g/bhp.hr] 


Tier Level Year HC CO NOX PM 


Non-regulated  0.5 1.5 13.5 0.34 


Tier 0 2000 1.0 5.0 9.5 0.6 


Tier 0+ 2008 1.0 5.0 8 0.22 


Tier 1 2002 0.55 2.2 7.4 0.45 


Tier 1+ 2008 0.55 2.2 7.4 0.22 


Tier 2 2005 0.3 1.5 5.5 0.2 


Tier 2+ 2008 0.3 1.5 5.5 0.1 


Tier 3 2011 0.3 1.5 5.5 0.1 


Tier 4 2015 0.14 1.5 1.3 0.03 


 


Based on OEM supplied data, HC, NOx and CO for natural gas locomotives converted 


using the OEM dual fuel kits are able to achieve Tier 3 emissions standards but with 


PM at Tier 4 levels.  An alternative CO standard is available under Part 1033.101 (i) of 


the regulations that allows manufacturers to meet an alternative CO standard of 


10g/bhp.hr if a lower PM standard is met.  For Tier 3 and Tier 4 locomotives, the lower 


PM standard is 0.01g/bhp.hr.  This is a 67% reduction on Tier 4 PM levels and current 


emissions performance from dual fuel locomotives do not meet this standard which 


means than manufacturers cannot use the alternative standard and must use a diesel 


oxidation catalyst to control CO. Note also that in the locomotive emissions standards, 


HC is defined as non-methane hydrocarbons and the EPA has clarified that the other 


constituents of natural gas (e.g. ethane, pentane, butane) count as methane 


hydrocarbons and therefore do not count towards HC emissions. As a result, the 


presence of methane slip does not impact the capability of natural gas locomotives to 


meet the CAC emission standards.  


The current emissions standard of the 1,420 target locomotives based on 2014 data is 


as follows [5]: 


 
Non-


regulated 
Tier 0 Tier 0+ Tier 2 Tier 2+ Tier 3 Total 


EMD SD60/SD70 : 710 48 83 171 122 51 
 


475 


GE Dash8/Dash9 : FDL 23 65 185 28 295 1 597 


GE ES44 : EVO 
   


181 104 63 348 


Total Locomotives 71 148 356 331 450 64 1,420 
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Using the difference between the current Tier standard and the natural gas engine 


emissions performance, an emissions improvement profile can be calculated for each 


locomotive group.  The percentage reduction expected by converting from diesel to an 


OEM natural gas conversion kit with Tier 3 NO x and Tier 4 PM emissions for each 


current emissions tier level is shown in the table below:  


Current Tier NOx PM 


Non-regulated 59% 91% 


Tier 0 42% 95% 


Tier 0+ 31% 86% 


Tier 1 26% 93% 


Tier 1+ 26% 86% 


Tier 2 0% 85% 


Tier 2+ 0% 70% 


Tier 3 0% 70% 
 


The current (2014) NOx and PM emissions for each locomotive subgroup are calculated 


by distributing the total emissions to each type using the fuel burn calculations 


presented in Section 1.5. The percentage reductions shown in the table above are then 


applied. Using this method, it is calculated that converting Canada’s mainline freight 


locomotives to natural gas would reduce NO x emissions by 30% on average.  Just 


converting the 1,420 locomotives in the target group would reduce NOx emissions by 


15,875 tonnes annually, or 13% of the total rail NOx emissions set out in Section 1.3. 


For particulate matter, the reductions are more dramatic with an average reduction of 


88%. For the 1,420 locomotives in the target group, particulate matter emissions would 


be reduced by 1,269 tonnes which would create a reduction in total  rail particulate 


matter of 42% from the total emissions set out in Section 1.3.  


Greenhouse Gas Emissions 


The first generation of dual fuel natural gas engine conversion systems under test by 


North American railroads do not currently produce a net CO 2e benefit when the impact 


of methane slip is assessed. Methane slip is particularly damaging to the GHG 


emissions because the global warming potential of methane is 25 times greater than 


that of CO2 over a 100-year time horizon based on the IPCC’s Fourth Assessment 


Report. With updates to the technology, particularly the next release of the NextFuel 


product from GE where methane slip is reduced and diesel substitution increased to 


greater than 75%, it is likely that the CO 2e emissions will be comparable to or better 


than the base diesel. 


The EMD Direct Injection Gas Technology (see Page 16) is capable of achieving 25% 


CO2e reductions on a tank-to-wheels basis because of the high substitution and 


extremely low methane slip. GE representatives have indicated that they are also 


considering high pressure direct injection when questioned during conference 


presentations. It should be noted that the tradeoff for these improved levels of GHG 
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reduction is that the engines are no longer dual fuel and are unable to produce 100% of 


the rated power in diesel mode. 


It is clear from this discussion that additional R&D is required on advanced gas engine 


technology solutions if GHG reductions are to be achieved. The current testing by U.S. 


railroads, while not reducing GHG emissions, is providing important learnings regarding 


LNG tenders, refuelling, safety and operational experience. Once more advanced 


engine technologies become available, this initial experience with the first generation of 


technologies will help make the transition to more efficient lower-emissions 


technologies more rapid because railroads have achieved a level of comfort with LNG 


refuelling and gas safety. 
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2.2 Value Proposition 
To understand the value proposition of the fuel cost savings potential presented in 


Section 2.1 above, a more detailed cash flow position needs to be considered. Initial 


investment items need to be separated from operating expenses.  Initial investments 


include liquefaction facilities, locomotive conversion costs and LNG fuel tenders. 


Operating expenses include incremental maintenance costs for the natural gas kit and 


tender which are offset by the fuel savings 11. Using the assumptions from Section 2.1 


above, a directional high-level per-locomotive cash flow model can be created and the 


Internal Rate of Return (IRR) of the investment calculated. An IRR that is greater than 


the cost of capital represents a good investment, whereas an IRR below the cost of 


capital will not create value. Given the scope of this report, the analysis is not intended 


to be comprehensive but serves as directional indication for the key cost and benefit 


considerations.  Based on this limited, high-level model, it is observed that the value 


proposition is most significantly influenced by:  


a) The price of rail diesel 


b) The diesel substitution percentage 


The sensitivity analysis of the project IRR is shown in the table below 


Internal Rate of Return % Sensitivity Analysis 


Diesel 
Substitution 


% 


Diesel Price [$/l] 


0.60 0.80 1.00 


50% 0% 12% 23% 


75% 14% 31% 49% 


100% 28% 52% 82% 
 
The vulnerability of the business case to low oil prices is illustrated by the sensitivity 


analysis.  When diesel prices are at 60c/L before the application of carbon tax 12, the 


project IRR is only clearly value creating when locomotive diesel substitution is >75%.  


The analysis also demonstrates that if locomotive OEMs can develop the technology 


sufficiently to guarantee high natural gas substitutions approaching 100%, then the 


project value proposition is no longer dependent on diesel price with IRR always 


greater than 20%.  


  


                                                      
11 In the cash flow calculation amortized capital items are excluded from the price of L NG 
leaving only the natural gas commodity and operating cost of the liquefier.  
12 A carbon tax of $50/tonne is assumed for this analysis.  
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2.4 Cost Comparison Versus Alternative 


Emissions Controls 
The US EPA Tier 4 standard for line-haul locomotive engines required for new 
locomotives manufactured in 2015 or later in g/bhp.hr is repeated here from Section 
2.1. 
 


Tier HC CO NOx PM 


Tier 4 0.14 1.5 1.313 0.03 


 
The Tier 4 NOx and PM limits represent more than 70% improvement over the Tier 3 


standard. Note that the Tier 4 Off Road engine emissions standard for engines used for 


example in mine trucks only requires NO x emissions of 3.5 g/bhp.hr (closer to the rail 


Tier 3 standard of 5.5g/bph.hr) and is generally able to be met without the need for 


exhaust gas recirculation or selective catalytic reduction (SCR) aftertreatment.  


In response to the Tier 4 standards, both GE and EMD have released a Tier 4 certified 


linehaul freight locomotive product.  The GE locomotive required the introduction of 


cooled exhaust gas recirculation (EGR) on the current V12 EVO engine.    EMD 


introduced a completely new 4-stroke engine called the 1010 that replaced the 2-stroke 


710 engine.  The 1010 is a larger bore 4-stroke engine in V12 instead of V16 


configuration and also requires EGR to meet the Tier 4 emission standards.  


For passenger locomotives, engine options include the Caterpillar C175 -20 in the EMD 


F125 or the Cummins QSK60 in the MotivePower MP54AC with additional SCR 


aftertreatment. 


Could a natural gas locomotive meet Tier 4 emissions without the need for costly 


aftertreatment systems? Although no specific data is available, it has been postulated 


by industry observers that the incremental cost of Tier 4 modifications to the locomotive 


(EGR cooler, EGR valves, controls, sensors, etc.) may be similar to a natural gas 


conversion (gas injectors, controls, sensors, coolant pump, etc.)  which would seem to 


create an attractive alternative proposition.  However, while natural gas engines could 


likely achieve Tier 4 PM targets based on early OEM results, it is highly unlikely that 


natural gas engines will be able to achieve the extremely challenging Tier 4 NOx targets 


without similar EGR systems to those used for diesel.  The Tier 4 natural gas 


locomotives would therefore also need an EGR system 14. 


                                                      
13 Manufacturers have the option to meet a combined NO x + HC standard of 1.4 g/bhp-hr. 
14 If the locomotive is dual fuel and capable of normal operation in diesel mode then it will need 
to carry the full diesel aftertreatment/EGR system in addition to the natural gas conversion 
anyway. 
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2.3 Outlook for Future Price Differential 
The National Energy Board of Canada publishes an annual report titled Canada’s 


Industry Future.  It’s most recent update released in October 2016 contains revised 


projections for natural gas and oil commodity prices based on global supply and 


demand consensus.  The oil price and the natural gas price are converted to an 


equivalent energy basis using the following assumptions: 


1.0551 GJ/MMBTU 


5.86152 GJ/Barrel of oil 
 


The results are illustrated in Figure 23 and show that the gap between oil and natural 


gas is expected to be sustained for the forecast range of the report.  The US Energy 


Information Administration publishes a similar report titled the Annual Energy Outlook 


and the latest projections from 2017 have been added to Figure 23.  The EIA forecast 


shows a similar projection for a gap between oil and natural gas with the long term 


projected ratio between the two commodities on an energy equivalent basis.   


 


Figure 23 Sustained price gap between oil and natural gas [19] [20]. 
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2.4 Research Review 
The baseline analysis of different natural gas combustion technologies undertaken by 


Southwest Research Institute during the 1990s is still an important touchstone for 


evaluating the benefits of natural gas combustion. The results are published in an SAE 


Journal publication from 1997 [21]. At this time, there was not such an acute focus on 


GHG emissions or the impact of methane as a GHG, so analysis of methane slip was 


not part of the focus at the time. 


A comprehensive review of the current state of technology for fuelling locomotives with 


natural gas was undertaken by BNSF, UP and the AAR and published in a report 


published in December 2007 [1]. At the time, the primary motivation for considering 


natural gas was to reduce CACs rather than economics (i.e. the price differential 


between oil and natural gas was not as pronounced as it is today). The report 


concludes that efforts are better spent on diesel emissions reduction than natural gas 


R&D. However, UP and BNSF have now revisited that conclusion  given the sustained 


gap between diesel and natural gas prices. 


There is no published, peer-reviewed research detailing the emissions performance of 


the locomotive OEM dual fuel engines and we must rely on conference papers and 


direct communication from the manufacturers.  Although the GREET model has been 


updated to include rail transport using natural gas  [22], there is little research, if any, 


on the total lifecycle emissions profile of the various natural gas engine technologies 


combined with the potential fuel supply chain in Canada. Further research is required 


here. 


In respect of LNG tender safety and crashworthiness, David Tyrell  [23] from the Volpe 


National Transportation Systems Center in the U.S. has published the underlying 


research used to support the development of the AAR LNG fuel tender standard 


referenced in Section 1.3.  Steven Kirkpatrick proposed an alternative method for the 


analysis [24]. The research includes crash simulations and dynamic finite element 


analysis of the LNG tender response. The research is aimed at creating a design 


standard that would assure the integrity of the inner LNG tank in  the event of a 


derailment. The analysis does not cover the safety of personnel and equipment in the  


event of a rupture to the tank although tools developed for analysis of marine LNG 


transport and refuelling could be applied to this case.  
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2.5 Uncertainties, Barriers and Risks 
Investment 


Section 2.1 has illustrated the multi-billion dollar investment required to convert 


Canada’s mainline freight locomotives to operate on natural gas. Financing for this 


investment from railroad sources or other alternatives will be needed. Any natural gas 


projects would need to compete with other industry investment priorities like 


infrastructure modernisation and rolling stock upgrades.  Furthermore, because of 


interchange of equipment between North American railroads, inf rastructure investment 


may need to be made simultaneously across the country.  


Methane Emissions 


It is clear from the GHG emissions discussion in Section 2.1 that methane emissions 


from exhaust methane slip can have a detrimental effect on the environmental  benefits 


(GHG emissions) of using natural gas as a fuel.  Without a clear path forward on how to 


address this issue, the GHG reduction potential of converting locomotives to run on 


natural gas remains uncertain.  Investment to accelerate the pace of development of 


advanced engine technologies or other abatement technologies that reduce methane 


emissions is required. 


LNG tender cost and complexity 


The release of the AAR M-1004 tender specification will significantly reduce the 


uncertainty regarding LNG tender configurations, but it remains to be seen how costly it 


will be to meet these new requirements. Only once railroads have ordered a number of 


these tenders will this become evident.  The additional costs incurred to meet the new 


requirements could harm the business case. Furthermore, additional complexity (e.g. 


high pressure pumps) required to fuel more advanced low-emissions gas engine 


technologies like high pressure direct injection will also need to be accounted for.   


Regulatory Framework Harmonization 


The ability for CN to obtain an Equivalency Certificate and operate a natural gas fuelled 


locomotive in revenue service with an LNG tender demonstrates that there are currently 


no regulatory barriers to the adoption of LNG as a fuel for rail locomoti ves in Canada – 


at least for a pilot scale project.  Clarifications or even an amendment to the TDG Act 


may need to be considered for wider adoption in Canada. The main barrier to 


widespread adoption of natural gas by Class I railroads in Canada is the lac k of 


harmonization between U.S. and Canadian regimes in respect of both the transport of 


LNG and the use of LNG tenders.  


Value sharing between railroads and customers 


The potential economic value referenced in Section 2.1 created through the use of 


natural gas as an alternative fuel to diesel can be used to increase railroad profits or 


decrease shipping costs for customers.  If prices remain constant, all the benefit would 


accrue to the railroads and railroad shareholders. Since fuel represents approximatel y 


20% of operating expenses for railroads as noted in Section 1.2, reducing fuel costs by 


50% would reduce overall railroad operating costs by 10% which in theory could 


translate to a 10% discount in shipping rates - but leaving no return for the railroads to 
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recoup their investment in LNG equipment. Historically, railroads have passed through 


a significant portion of productivity savings to customers. Security in the knowledge for 


those making the significant investments in LNG infrastructure that sufficient economic 


advantage will accrue to them to generate an adequate return on investment is needed. 


Without it, progress is likely to be slow.  


Operational Considerations 


Railroad operational efficiency is predicated on asset utilisation.  Although showing 


promising results from an economic standpoint, the extent to which natural gas fuel 


disrupts the efficient operation of the railroad will detract from the business case.  


Examples of operational disruption might include LNG fuelling procedures, inspections, 


interchange restrictions, additional safety procedures or special maintenance.  LNG 


tenders will have an impact on train length. Natural gas also has potential positive 


operational simplification opportunities if the LNG tender can increase the range 


between refuelling. Uncertainty regarding these aspects will factor heavily into the 


decision to use natural gas.  
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Section 3: Recommendations 
This report has highlighted the potential economic and environmental benefits of 


natural gas as a fuel for the rail industry.  Currently there is very little activity in Canada 


(research, product development or testing).  With a focused research, development 


deployment program, supported by government policies, Canada could take a leading 


role in advancing this opportunity that has the potential to reduce the cost and 


emissions of Canada’s rail transportation system.  Recommendations are therefore 


grouped in three categories: 


3.1 Market Research and Economic/Emissions Modelling 


3.1.1 A thorough assessment of the railroad network and the natural gas pipeline 


network is required in order to determine suitable locations for liquefaction plants to 


serve railroad fuel depot requirements.  This will inform a more detailed view of the 


required liquefaction facility build out program and investment, taking into account 


potential synergies with other natural gas fuel usages. 


3.1.2 Research potential investment financing models  for the required infrastructure, 


e.g. utility investment, low-interest government backed loans, grants, tax credits or 


public private partnership.   


3.1.3 Conduct customer and railroad behaviour research into how the benefits of 


decreased fuel costs will likely be shared based on historic case studies and 


microeconomic theory. 


3.1.4 Comprehensive analysis of the value proposition and business case for natural 


gas locomotives is required to take into account risks and uncertainties.  Customer 


behaviour modelling and value sharing from 3.1.3 must be included.   


3.1.5 A complete lifecycle GHG emissions assessment is required for both rail diesel 


and natural gas. 


3.2 Technology Development and Deployment 


3.2.1 Testing of emissions from dual fuel locomotives (particularly methane emissions) 


and venting from LNG tenders.  Abatement technologies can be considered where 


available. 


3.2.2. Accelerated development of h igh-substitution high-efficiency low-methane slip 


gas engines for rail locomotives potentially through funding of a demonstration pilot 


project in Canada. 


3.2.3 Further research into LNG tender technologies that support the locomotive engine 


technologies in 3.2.2 


3.2.4 Stimulate research into LNG tender and refuelling technologies that minimize boil-


off gas generation and eliminate methane venting.  


3.2.5. Investigate LNG spill and derailment accident safety through computational 


modelling and risk assessment. Investigate and compare best practices from other 


sectors, e.g. marine. 
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3.3 Regulatory and Policy 


3.3.1 Consider an emissions credit scheme for CACs that go beyond regulated tier 


limits (especially PM) either as a tradeable credit or monetary reward.  


3.3.2 Focus Research, Development and Deployment funding models on technology 


advancement and increasing the pace of deployment , particularly for technologies that 


reduce GHG emissions. 


3.3.3. Investigate feasibility of further harmonization of  regulations applying to natural 


gas locomotives and tenders between the U.S. and Canada to facilitate easy 


interchange of equipment and increase choice for Canadian railroads.  


3.3.4. Consider the impact of accelerated depreciation or other incentives for 


infrastructure investment in natural gas. Evaluate the benefit of direct government 


grants, subsidies or government backed loans. 
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Units, Acronyms and Abbreviations 
 
Units  
MJ Megajoule 


GJ Gigajoule 


L Litre 


C Celsius 


M Million 


B Billion 


bar Bar pressure 


$ Canadian dollars 


c Canadian cents 


USD U.S. dollar 
 


Acronyms and Abbreviations 


AAR Association of American Railroads 


BNSF BNSF Railway Company 


CAC Criteria Air Contaminants 


CN Canadian National Railway Company 


CNG Compressed Natural Gas 


CO Carbon Monoxide 


CO2e Carbon Dioxide Equivalent 


CP Canadian Pacific Railway 


DLE Diesel Litre Equivalent 


ECI Enegy Conversions Incorporated 


EIA U.S. Energy Information Administration 


EMD Electro-Motive Diesel 


EPA Environmental Protection Agency 


FECR Florida East Coast Railway 


FRA Federal Railroad Administration 


GE General Electric 


GHG Greenhouse Gas 


LEM Locomotive Emissions Monitoring 


LNG Liquefied Natural Gas 


NEB National Energy Board of Canada 


NGFT TAG Natural Gas Fuel Tender Technical Advisory Group 


NOx Nitrogen Oxides 


NRCan Natural Resources Canada 


OEM Original Equipment Manufacturer 


PM Particulate Matter 


RAC Railway Association of Canada 
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RCC Regulatory Cooperation Council 


SOx Sulphur Oxides 


TDG Transport of Dangerous Goods 


UP Union Pacific Railroad 
VOC Volatile Organic Compound 


 






New LNG serv inv 2019

						New LNG Services Inventory

		Country				Belgium		France		France		France		France		Greece		Italy		Italy		Italy		The
Netherlands		Poland		Portugal		Spain		Spain		Spain		Spain		Spain		Spain		Spain		United
Kingdom		United
Kingdom

		Company				Fluxys		Dunkerque LNG		Elengy		Elengy		Fosmax LNG		DESFA		ADRIATIC LNG		GNL Italia		OLT

Bogdan Simion: Offshore LNG Toscana
		Gate terminal		Polskie LNG S.A.		REN Atlantico		BBG		Enagas		Enagas		Enagas		Enagas		Reganosa		Saggas		Grain LNG		South Hook

		Facility location				Zeebrugge		Dunkerque		Montoir de Bretagne		Fos Tonkin		Fos Cavaou		Revithoussa		Porto Levante		Panigaglia		Livorno		Rotterdam		Swinoujscie		Sines		Bilbao		Barcelona		Cartagena		Huelva		EL Musel

Bogdan Simion: Facility pending start-up authorisation by the government according to Royal Decree-Law 13/2012. Construction has been completed and the government will grant the start-up authorization when the capacity is required.
		Mugardos		Sagunto		Isle of Grain		Milford Haven



		Reloading				yes		yes		yes		yes		yes		no		no		no		no		yes		no		yes		yes		yes		yes		yes		yes		yes		yes		yes		no

		min. ship size:
m3 LNG				2,000		65,000		20,000		7,500		5,000

Author: Q3 2019										500				45,000		Any size		2,000		4,000		7,500		65,000		7,500		7,500		70,000

		comment								5 000 or below under study		5 000 or below under study		 below 5000
under study		under construction;
Estimated start in 2020		under study		FID expected by the end of 2020

ROTTENBERG JACQUES: Feasibility study completed		study could be scheduled subject to market ...

ROTTENBERG JACQUES: Study could be scheduled subject to market demand		 		under development								under study for smaller vessels		under study for smaller vessels		under study for smaller vessels		under study for smaller vessels		under study for smaller vessels		under study for smaller vessels

		Capacity: (LNG) m3/h				5,000		8,800		4,000		1,000		4,000		2,400								3,500				1,500		3,500		4,200		7,222		3,690		6,000		2,000		3,000		1.000 -2.700

		comment						Increased to 
8 800 m3/h from Feb 2019																4.000 as of 2H2019																				ship dependent

		2011		No.		10				-				-														-						7		7				9

				m3 LNG		1,293,000				-				-														-						280,000		271,000				566,197

		2012		No.		25				4				1														1						14		16				12

				m3 LNG		3,004,000				420,000				100,000														122,203						1,530,000		1,296,000				501,288

		2013		No.		21				2		-

ROTTENBERG JACQUES: started in 2013		8										8

ROTTENBERG JACQUES: start mid 2013				6						6		14				16		18

				m3 LNG		2,523,000				200,000		-		740,000										497,807				678,883						689,000		1,664,000				512,800		1,808,685

		2014		No.		19				4		-		4										20				6		-		3		18		17				12		28		1

				m3 LNG		2,492,000				460,000		-		520,000										911,208				527,865		-		340,887		2,340,045		2,296,686				1,008,194		2,820,033		125,000

		2015		No.		28				4		-		4										28				4		4		3		1		6				5		10		3

				m3 LNG		1,823,000				470,000		-		510,000										1,870,637				527,576		445,517		352,130		161,784		467,515				7,812		911,769		456,231

		2016		No.		35				10		-		11										23				4		-		-		-		-				2		-		6

				m3 LNG		2,230,000				1,147,000		-		1,720,000										1,577,796				409,753		-		-		-		-				6,358		-		869,000

		2017		No.		20		-		10		-		5										32				1 (cooldown)		-		-		1		-				3		-		5

				m3 LNG		214,000		-		1,350,000		-		750,000										1,582,682				2,506		-		-		143,020		-				9,230		-		547,000

		2018		No.		25		2		11				8										51						1		3		-		1				`		-		3

				m3 LNG		787,722		293,569		1,702,000				1,189,000										3,780,147						96,203		470,074		-		157,471				7,237		-		433,806



		Transshipment				yes		no		yes		no		yes		no		no		no		no		yes		no		no		no		yes		yes		no		no		no		no		yes		no

		min. ship size:
m3 LNG				2,000				20,000		under study		5,000

Author: Q3 2019										5,000		under development						2,000		4,000				under study		under study				70,000

		Capacity: (LNG) m3/h				14,000				14,000				4,500										12,000										1,800										n.a.

		comment																																										ship dependent

		2013		No.						3																								-										-

				m3 LNG						370,000																								-										-

		2014		No.						1																								-										-

				m3 LNG						150,000																								-										-

		2015		No.						-				-

ROTTENBERG JACQUES: available since 2015										-

ROTTENBERG JACQUES: start in 2H2015										-										-

				m3 LNG						-				-										-										-										-

		2016		No.		-

ROTTENBERG JACQUES: available since 2016				-				-										2										-										-

				m3 LNG		-				-				-										219,552										-										-

		2017		No.		-				-				-										5										-										-

				m3 LNG		-				-				-										724,911										-										-

		2018		No.		9				21				-										21										-										-

				m3 LNG		1,325,163				3,373,000				-										incl. in reload

Author: included in reload										-										-



		Small-scale ship loadings				yes		no		yes		yes		yes		no		no		no		no		yes		no		no		yes		yes		yes		yes		no		no		no		no		no

		min. ship size:
m3 LNG				2,000		5,000		20,000		7,500		5,000

Author: Q3 2019		




				
				500						Any size		2,000		4,000		7,500								1,000

		comment						under develop.
Start  Q1 2020

Bogdan Simion: The existing large scale jetty is being adapted to 
accommodate small scale LNG vessels (from 5 000)  from Q1 2020. 
The terminal is also evaluating the opportunity to construct an 
additional jetty for small-scale vessels.		5 000 or below under study		5 000 or below under study		 below 5000
under study		estimated start-up: 2022

ROTTENBERG JACQUES: Under study for vessels with capacities from 1,000 m3 to 20,000 m3
Estimated completion / start-up: 2022				FID expected by end  2020

ROTTENBERG JACQUES: Feasibility study completed 
FID expected by the end of 2020		Estimated start up 2021

ROTTENBERG JACQUES: Feasibility study completed in 2015
Logistic study and Authorization studies completed in 2018 
Detailled engineering study on going Authorization requested
 in Q1 2019 -Estimated start up 2021		 		under development		under study										under study		under study		under study		available 
from 2020

		Capacity: (LNG) m3/h				5,000		4,500		4,000		1,000		4,000										3,500						1.500/3.500		525/4.000		400/4.000		2,000

		comment																						4 000 as of 
2H 2019						depending on vessel´s size

		2011		No.		-				-				-

				m3 LNG		-				-				-

		2012		No.		1				-				-

				m3 LNG		7,500				-				-

		2013		No.		-				-		-

ROTTENBERG JACQUES: started in 2013		-										3

ROTTENBERG JACQUES: start mid 2013

				m3 LNG		-				-		-		-										20,902

		2014		No.		-				-		-		-										13

				m3 LNG		-				-		-		-										113,347

		2015		No.		17				-		-		-										14

				m3 LNG		245,000				-		-		-										94,643

		2016		No.		21				-		-		-										10

				m3 LNG		303,300				-		-		-										74,710

		2017		No.		19				-		-		-										22										1

				m3 LNG		202,300				-		-		-										208,462										369

		2018		No.		20				-		-		-										27								-		-		-

				m3 LNG		186,998				-		-		-										277,680								-		-		-



		Truck loading				yes		from Q3 2019		yes		yes		from Q3 2019		no		no		no		no		yes		yes		yes		yes		yes		yes		yes		yes		yes		yes		yes		no

		Capacity: nb slots/d**				32 (2 bays)		8 (1 bay)		18 (1 bays)		34 (2 bays)		40 (2 bays)		6 - 10 (1 bay)								44 (3 bays)

ROTTENBERG JACQUES: 16 x 2
12 x 1		32 (2 bays)		36 (3 bays)		15 (1 bay)		50 (2 bays)		52 (2 bays)		54 (2 bays)		30 (2 bays)		36 (2 bays)		36 (2 bays)		36 (2 bays)

		comment				2 bays as from Q2 2018		under development		  expansion under study

ROTTENBERG JACQUES:  up to 60 (3 bays)		  expansion under study

ROTTENBERG JACQUES: up to 60 (3 bays) 		 expansion under study

ROTTENBERG JACQUES: up to 100 (5 bays) 								

Bogdan Simion: Offshore LNG Toscana
		

Author: Q3 2019		estimated completion 2020				FID expected by end of 2020

ROTTENBERG JACQUES: Feasibility study completed; FID expected by the end of 2020

		2011		No.		65																						2,639				10,511		10,102		15,462				3,122		4,680

				m3 LNG		2,240																						105,508				526,000		506,000		774,000				139,800		207,160

		2012		No.		316																						2,568				9,718		9,761		16,681				4,429		4,268

				m3 LNG		10,590																						102,754				486,000		489,000		835,000				198,900		188,638

		2013		No.		819				49

ROTTENBERG JACQUES: started in 2013														

ROTTENBERG JACQUES: 16 x 2
12 x 1		

ROTTENBERG JACQUES: Feasibility study completed								3,138				9,483		9,035		9,882				6,293		4,579

				m3 LNG		32,000				2,000																		141,349				415,000		396,000		433,000				282,188		199,967

		2014		No.		1,670				424		18

ROTTENBERG JACQUES: started in  2014										

ROTTENBERG JACQUES: Study could be scheduled subject to market demand		

ROTTENBERG JACQUES: started in 2013																		

ROTTENBERG JACQUES: unavailable from Dec 2010 to Nov 2014								

Bogdan Simion: Facility pending start-up authorisation by the government according to Royal Decree-Law 13/2012. Construction has been completed and the government will grant the start-up authorization when the capacity is required.
		

ROTTENBERG JACQUES: unavailable from Dec 2010 to Nov 2014		174

ROTTENBERG JACQUES: as from beginning 2014						

ROTTENBERG JACQUES: unavailable from Dec 2010 to Nov 2014		

ROTTENBERG JACQUES: start mid 2013				4,260		58

Bogdan Simion: Unavailable from Dec 2010 to Nov 2014
		6,440		7,077		8,167				9,729		4,563

				m3 LNG		66,100				21,200		900												7,099				183,811		2,430		278,255		311,718		359,530				436,000		200,236

		2015		No.		1,184				1,143		395												788				4,676		1,035		6,576		7,560		8,701				7,022		4,785		43

ROTTENBERG JACQUES: available from November 2015

				m3 LNG		46,000				52,000		16,000												30,400				197,665		44,974		286,484		335,204		382,082				311,432		217,054		1,814

		2016		No.		1,480				1,764		920												1,137		514

ROTTENBERG JACQUES: available from 3Q2016		

Author: Q3 2019																														

ROTTENBERG JACQUES: available from November 2015		

ROTTENBERG JACQUES: available since 2016								

ROTTENBERG JACQUES: available since 2015										

ROTTENBERG JACQUES: start in 2H2015		

Bogdan Simion: The existing large scale jetty is being adapted to 
accommodate small scale LNG vessels (from 5 000)  from Q1 2020. 
The terminal is also evaluating the opportunity to construct an 
additional jetty for small-scale vessels.						

Author: Q3 2019										

Author: included in reload		

ROTTENBERG JACQUES: Under study for vessels with capacities from 1,000 m3 to 20,000 m3
Estimated completion / start-up: 2022				

ROTTENBERG JACQUES: Feasibility study completed 
FID expected by the end of 2020		

ROTTENBERG JACQUES: Feasibility study completed in 2015
Logistic study and Authorization studies completed in 2018 
Detailled engineering study on going Authorization requested
 in Q1 2019 -Estimated start up 2021		

ROTTENBERG JACQUES: started in 2013																4,629		1,671		7,266		7,011		9,326				6,565		5,968		1,360

				m3 LNG		57,080				77,600		38,200												43,703		20,157		198,982		72,202		313,955		302,937		402,965				289,453		257,870		53,900

		2017		No.		1,455				2,031		1,860												1,629		1,523		5,277		2,222		9,451		7,218		9,374				4,132		6,419		2,035

				m3 LNG		55,260				91,400		76,300												66,024		59,538		227,976		95,721		402,059		307,747		410,021				178,518		279,284		82,970

		2018		No.		1,453				2,370		3,473												2,808		1,794		6,072		2,841		10,664		9,115		9,335				4,364		3,743		1,446

				m3 LNG		57,791				107,000		144,000												119,474		70,040		260,387		123,516		452,769		383,878		407,237				193,897		161,900		58,309



		Rail loading				no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no		no

		Comment								under study acc. to market interest (railway available)		under study acc. to market interest (railway available)												under study		under development						under study												rail connection available



		**Truck Loading Capacity						Capacity expressed in number of slots per day. Moreover, the number of bays is specified in brackets. 



		Description of new services:

		Reloading						Transfer of LNG from the  LNG reservoirs of the terminal into a vessel (large and small scale)

		Transshipment						Direct transfer of LNG from one vessel into another (berth to berth or ship to ship)

		Small-scale ship loadings						LNG is loaded on ships with a maximum capacity up to 30.000 m3 LNG

		Truck loading						LNG is loaded on tank trucks which transport LNG in smaller quantities

		Rail loading						LNG is loaded on rail tanks which transport LNG in smaller quantities



		Legend historical capacity data:

		n.a.						data not available

								Service not offered

		 - 						Service offered but not used by market participants



		Note:						Characteristics of the LNG terminal basic services (Nominal Annual Capacity, Storage Capacity, Max LNG ship class size… ) can be found on the GIE website (e.g. GIE LNG Map)
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•  Explore, develop, produce and deliver oil and natural gas in Japan   
and overseas.


•  Further enhance the natural gas supply chain, consisting of our domestic 
infrastructures and electric power supply.


•  Contribute to addressing challenges 
 toward realizing a sustainable society 
 associated with energy and climate 
 change through the development 
 and commercialization of new 
 technology, drawing from our expertise.


•  Place top priority on maintaining 
 trust with all stakeholders and achieve 
 sustainable growth and maximize 
 corporate value.


Contribute to society through 
the stable supply of energy 
and address social issues 
toward realizing the 
sustainable development goals.
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Oil
Oil is a general term for a flammable liquid substance 
that exists underground mainly composed of various 
hydrocarbons. Crude oil is the liquid extracted from 
underground, and gas and water are removed. By applying 
heat based on their distinct boiling points, it is distilled and 
decomposed into oil products such as liquefied petroleum 
gas (LPG), naphtha (gasoline), kerosene, diesel oil, heavy 
fuel oil, and asphalt.


According to their properties, these products are used 
as fuels for powering automobiles and machines, and as 
raw material for PET bottles, plastic products, textiles, 
and chemical products.


Origin of Oil and 
Natural Gas
Oil and natural gas were said to 
be formed by the decomposition of 
prehistoric organisms underground 
over several to tens of millions of 
years as a result of high subterranean 
temperatures and microorganisms.


These resources move upward through 
subterranean cracks and collect in a stra-
tum called the source rock. Then, oil and 
natural gas is accumulated in formations 
where reservoir rocks exist, and dense 
rocks called cap rocks form in domes.


 Natural Gas and LNG
Natural gas is a flammable gas mainly composed of 
methane, which is colorless, odorless and lighter than air. 
Regarded as an energy source with a lower environmental 
impact than other fossil fuels such as oil or coal due to its 
smaller emissions of carbon dioxide (CO2), nitrogen oxide 
(NOx) and sulfur oxide (SOx) when burned.


LNG is liquefied natural gas produced by cooling natural 
gas to minus 162°C, where it exists in liquid form. When 
liquefied, its volume is reduced by one six-hundredth, 
allowing for long-distance transport and mass storage. 
Most of the natural gas consumed in Japan is imported 
from overseas as LNG.


● ● Overview of Oil and Gas E&P


Oil and Gas E&P Value Chain
Since its establishment, JAPEX has been engaged in oil and gas E&P (exploration and production) and its transportation 
and supply. Also, JAPEX contributes to the stable supply of energy, drawing from its extensive track record both in and 
outside of Japan and the broad range of technology and expertise it has accumulated over the years.


Clients
● Gas-fired power plants
● Local gas distributors
● Industrial users
● Oil refiners
● Others


Acquisition of Interests
Information gathering
　
Preliminary survey
　
Acquisition of interests


Development and Production
FEED
  (Front-end Engineering and Design)
　
Drilling of production wells
　
Construction of production facilities
　
Production of oil and gas


Transportation and Supply
● Crude oil Tank trucks, tankers, pipelines
● Natural gas Pipelines
● LNG LNG carriers (ocean-going carriers, coastal vessels), 
  tank trucks, tank containers by railway


Exploration
Geological survey
　
Geophysical survey
　
Exploratory and 
appraisal drilling
　
Evaluation of reserves


Source rock


Oil reservoir


Gas reservoir


Cap 
rock


Oil
Natural 


gas


Acquisition of 
interestsS


Onshore 
geophysical surveyE


Production 
wellP


Crude oil tank 
truckD


D Crude oil tankers


D Crude oil pipeline


D Natural gas pipeline


D LNG tank truck
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D Receiving terminal
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D LNG tank containers 
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E Offshore 
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海外事務所


Headquarters


海外事務所


Houston Representative Office


Dubai Representative Office


Jakarta Representative Office


A


B


C
Iraq


Garraf Project


02 Indonesia
Kangean Project


01


Canada
Shale Gas Project 03


Canada
Oil Sands Project


U.K. North Sea
U.K. North Sea Offshore Block Russia/Sakhalin


Sakhalin-1 Project


U.S.A.
Tight Oil Project


04


オイルサンド


Aberdeen Representative Office


Singapore Representative Office


 Japan (see page 6)


● ● Overseas Projects


 Maximizing the Value 
of E&P Projects
JAPEX is engaged in oil and natural gas E&P (exploration and production) projects around the world, 
leveraging its technology and expertise to maximize project value. We are also pursuing new opportunities.


B  Russia


 Sakhalin-1 Project
 Block  Chayvo, Odoptu and Arkutun-Dagi fields


  (offshore Sakhalin Island)
 Project Company Sakhalin Oil and Gas Development Co., Ltd.


  (SODECO)


JAPEX participates in the project through its investment in 
SODECO. Led by operator ExxonMobil, the development and 
production of crude oil are conducted in the three oil and gas fields.


Oil and Gas Oil and Gas 
A  United Kingdom


 U.K. North Sea Offshore Block
 Block  Seagull Discovery 


  (300 kilometers offshore from Aberdeen)
 Project Company JAPEX UK E&P Ltd.


JAPEX has been participating in the project since 2014, and after a flow test 
and an evaluation, a decision on the development of the block was made 
in March 2019. Currently, we are conducting development with the aim of 
commencing the production of crude oil and natural gas by the end of 2021.


C  United States


 Tight Oil Project
 Block  Middle McCowen (southern Texas)
 Project Company Japex (U.S.) Corp.


JAPEX has been participating in the project since August 2012 by 
acquiring the interests for the Eagle Ford region of southern Texas.


Tight Oil


Gas 


Indonesia


Kangean Project
 Block Kangean Block (offshore East Java)
 Project Company Energi Mega Pratama Inc.


02


Iraq


Garraf Project
 Block Garraf Oil Field


 (northern region of Dhi Qar Governorate)
 Project Company Japex Garraf Ltd.


JAPEX has been participating in development and production of 
crude oil based on the development and production right jointly 
acquired with Malaysia’s state-owned oil company PETRONAS, 
the operator, in 2009.


Commercial production commenced in August 2013, with the 
project currently produc-
ing between 90,000 and 
100,000 barrels of crude 
oil per day. Development 
is now underway to grad-
ually increase this volume 
toward achieving the tar-
get of 230,000 barrels per 
day by the end of 2020.


01


Oil 


Shale Gas


Canada


Shale Gas Project
 Block North Montney (Province of British Columbia)
 Project Company JAPEX Montney Ltd.


Since April 2013, JAPEX has been developing and producing shale gas with partners including a subsidiary of 
PETRONAS, the Malaysian state-owned oil company, the operator. Average daily shale gas production was 
approximately 13 million cubic meters in 2018.


A significant volume of shale gas assets has been confirmed in 
the area. To maximize the asset value, we ensure to prioritize the 
investments by focusing on high economic potential area considering the 
prevailing market conditions and natural gas demand in Canada.


03


 See: Development of Shale Gas and Tight Oil on  page 9


Since the establishment of JACOS in 1978, JAPEX has 
been engaged in oil sands projects in Canada for the 
past 40 years as a pioneer in oil sands development.


JACOS contributed to establishing the SAGD (steam- 
assisted gravity drainage) method for using steam to 
extract bitumen (ultra-heavy oil) from the oil sands 
layer. Test production of bitumen by the SAGD method 
at the Hangingstone leases began in 1999, followed by 
the start of commercial production in 2003. We have 
continuously sought to improve the technology and 
productivity of oil sands development.


In the area where bitumen production commenced in 
August 2017, the phase shifted to a stable production at 
the scale of 20,000 barrels per day in the end of June 
2018, which is still maintained.


 See: Oil Sands Development by SAGD Method on  page 8 


Canada


Oil Sands Project
 Block Hangingstone (Province of Alberta)
 Project Company Canada Oil Sands Co., Ltd.


Oil Sands


04


The project is led by Japan Canada Oil Sands Ltd. 
(JACOS), a local subsidiary.


Production of natural gas is being conducted in several 
offshore gas fields in East Java, and JAPEX has 
beenparticipating in the project since 2007.


Current production is mainly from the TSB Gas 
Fields, including the Sirasun and Batur gas fields, which 
commenced production in March 2019. The production 
will be increased to 5.0 or 5.1 million cubic meters of 
natural gas per day. The natural gas is processed at 
a floating production unit (FPU) and supplied through 
the East Java Gas Pipeline to a state-owned electric 
power company and fertilizer factories in the suburbs of 
Surabaya City.


 See: Development of Shale Gas and Tight Oil on  page 9
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● ● Domestic Projects Asahikawa


Sapporo
Kitahiroshima


Tomakomai


Oga


Yurihonjo


Nikaho


Sakata


Amarume


Coastal vessel


LNG tank truck


LNG tank truck


LNG tank truck


Coastal vessel


Tsuruoka


Murakami
Yamagata


Sendai


Iw anuma


Shiroishi


Koriyama


Aizuwakamatsu


Niigata-Sendai 
Gas Pipeline


LNG from overseas


LNG from overseas


Yamagata  Gas  Pipeline 
Tohoku Natural  Gas  Co., Ltd.


Soma-Iwanuma 
Gas Pipeline


Kawaguchi


Akita


Muroran


Iwamizawa


Obihiro Kushiro


Chitose


08


09
10
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01


03


04


07


05


02


Shiroishi-Koriyama Gas Pipeline


Fukushima


Komatsu


Kanazawa


Ensuring Stable Supply 
by Combining Domestic 
Production with Overseas 
Procurement
JAPEX is currently conducting oil and natural gas E&P (exploration and production) at oil and 
gas fields in 10 locations around Japan. We transport and supply crude oil and natural gas 
through pipelines and by tank trucks and tankers. Also, we are expanding the scope of our 
energy business, which includes receiving imported LNG and electric power generation.


Soma LNG Terminal
In operation 
from 2018


Yufutsu Oil and Gas 
Field
Tomakomai City, Hokkaido
Discovered in 1989
In production from 1996


01


Ayukawa Oil and Gas 
Field 
Yurihonjo City, Akita Prefecture
Discovered in 1989
In production from 1995


03


Higashi-Niigata Gas 
Field 
Niigata City, Niigata Prefecture
Discovered in 1959
In production from 1959


08


Yoshii Gas Field 


Kashiwazaki City, Niigata Prefecture
Discovered in 1968
In production from 1968


09


Katakai Gas Field 


Ojiya City, Niigata Prefecture
Discovered in 1960
In production from 1960


10


Shiunji Gas Field 


Shibata City, Niigata Prefecture
Discovered in 1962
In production from 1963


07


Iwafune-oki Oil and Gas 
Field
Approximately 4 km offshore 
from the mouth of the Tainai River, 
Tainai City, Niigata Prefecture
Discovered in 1983
In production from 1990


06


Yurihara Oil and Gas 
Field 
Yurihonjo City, Akita Prefecture
Discovered in 1976
In production from 1984


04


Sarukawa Oil Field
 
Oga City, Akita Prefecture
Discovered in 1958
In production from 1959


0202


Amarume Oil Field
 
Shonai Town, Yamagata Prefecture
Discovered in 1960
In production from 1960


05


Yufutsu LNG Plant/
Yufutsu LNG 


Receiving  Terminal
In operation 
from 2013


LNG terminal
Natural gas pipeline


Coastal LNG vessel
LNG tank containers by railway
LNG tank truck


LNG Receiving 
Terminal


Hokkaido LNG Co., Ltd.


A


LNG Receiving 
Terminal


Nihonkai LNG Co., Ltd.


C


D


B


Oil and Gas Oil


Oil and Gas Oil and GasOil GasGasOil and Gas


Gas Gas
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△ Schematic of the SAGD Method


Horizontal well injector


Horizontal 
well producer 5 m


300 m


500–1,000 m
Oil sands layer


The development and commercial production of shale 
gas and tight oil became active in the 2000s with the 
introduction of technologies for drilling horizontal wells 
along low permeability shale formations and applying 
hydraulic fracturing that utilizes high-pressure water to 
crack shale formations ( see page 5).


JAPEX has been participating in a tight oil 
development project in Texas, United States, since 
2012, and in a shale gas development project in British 
Columbia, Canada, since 2013.


Tight Oil Development in Japan


In Japan, JAPEX was the first to succeed in the 
commercial production of tight oil in 2014, at the 
Ayukawa Oil Field in Akita Prefecture. We conducted 
a verification test of tight oil development from 2014 
to 2017 by applying multistage fracturing to the 
Onnagawa formation at the Fukumezawa Oil Field in 
Akita Prefecture.


JAPEX is promoting renewable energy as a new business 
field of environmentally-conscious type that contributes 
to low-carbon and decarbonization of the society by 
leveraging the technology and expertise we acquired 
through oil and natural gas development as well as our 
experience in operating the natural gas-fired power plant 
and procuring its fuel.


Geothermal power generation provides electricity by 
extracting high-temperature steam and water from the 
subsurface. JAPEX has been exploring the potential of 
geothermal energy in Japan and overseas by applying 
technologies such as those used in surveying the 
subsurface structure and drilling wells.


We also operate two mega-solar power plants capable 
of generating over 1,000 kW in Tomakomai City, where 
our Hokkaido District Office is located.


● ● Energy Development


02FOCUS  Development of Shale Gas and Tight Oil


03FOCUS  Renewable Energy


Energy Development 
Including Unconventional 
 and Renewable Resources
JAPEX engages in the development and production of oil and natural gas with both conventional and unconventional resources 
such as oil sands and shale gas, as well as the development of renewable energy including geothermal power generation.


△ Drilling site of the Shale Gas Project in Canada


JAPEX pioneered the SAGD method for extracting bitumen 
(extra heavy oil) from the oil sands layer. We began our 
approach to commercialization of the method from 1992 in 
Alberta, Canada, and then succeeded in test production in 
1999, and commenced its commercial production in 2003. 
Today we conduct the production operation of bitumen at 
the Hangingstone leases in Canada ( see page 5).


The SAGD method uses high-temperature, high-
pressure steam to heat the oil sands layer and provide 
liquidity to the bitumen. A pair of horizontal wells are 
drilled, and as heat is applied to the oil sands layer by 
injecting steam into the upper well, the bitumen contained 
in the layer begins to flow downward to be recovered in 
the lower well.


01FOCUS  Oil Sands Development by SAGD Method


△ Production facility of the Oil Sands Project in Canada


△ Mega-solar power plant in Hokkaido
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● ● Energy Supply


Ensuring a Stable Supply 
 of Energy by Reinforcing 
Domestic Infrastructure
To meet natural gas and LNG (liquefied natural gas) demand in Japan, which has less environmental impact compared 
to other fossil fuels, JAPEX has been expanding our natural gas supply chain by reinforcing a stable supply system 
that combines natural gas produced in Japan and LNG procured overseas, and supplying electricity generated by 
natural-gas-fired power plants.


To meet demand from clients in regions not served by 
gas pipelines, JAPEX operates the LNG Satellite Sys-
tem to ensure supply by transporting LNG to clients.


Imported LNG is stored at domestic LNG receiving 
terminals, and it is transported by tank trucks to the 
surrounding area, and by LNG railway tank containers 
to more distant locations from the terminals. In addition, 
a coastal vessel transports it from the terminals while 
closely monitoring natural gas demands in our supply 
network.


Transportation of LNG Tank Container on Rail


Transportation of LNG tank container on rail is a 
breakthrough solution pioneered by JAPEX, for supplying 
LNG to clients in ever wider areas by using the cargo train. 


Our consultancy services for transportation of LNG tank 
container on rail to the client is also provided to the clients 
interested in both within and outside Japan.


03FOCUS  LNG Satellite System


△ LNG shipping facility for tank trucks at the Soma LNG Terminal


Our 800 km network of high-pressure gas pipelines, mainly 
consisting of Niigata-Sendai Gas Pipeline, connects our gas 
fields as well as the LNG terminals along the way, and sup-
plies natural gas to clients.


In addition to securing semi-permanent service life by 
designing our natural gas pipelines to withstand major earth-
quakes and applying the anti-corrosive coating,  their opera-
tional status is always being centrally monitored. Also, we pay 
the utmost attention to ensure safe operations: the gas supply 
is able to be remotely shut down in the event of an emergen-
cy, and our staff patrols the length of the pipeline and conduct 
facilities’ maintenance and inspections.


Utilizing the Underground Storage of Natural Gas


The underground storage of natural gas has been operat-
ed at the Shiunji gas field to take advantage of subsurface 
geological properties and connectivity to our natural gas 
pipeline network, in order to respond effectively to sea-
sonal fluctuations in demand ( see page 7- 07 ).


02FOCUS  Natural Gas Pipeline Network


△ Niigata-Sendai Gas Pipeline


FGP Fukushima Natural Gas Power Plant


Fukushima Gas Power Co., Ltd. (FGP), a joint venture 
involving five private companies including JAPEX, is 
proceeding with the construction of a gas-fired power plant 
with maximum output of 1.18 million kWh at a site adjacent 
to the Soma LNG Terminal toward its commencement 
of commercial operations in the spring of 2020. Once 
commercial production commenced, the Soma LNG 
Terminal will supply LNG vaporized gas as fuel and JAPEX 
will sell its share of electricity generated by the plant.


Yufutsu LNG Receiving Terminal and Yufutsu 
LNG Plant ( see page 7- B )


The Yufutsu LNG Receiving Terminal receives LNG carried 
by coastal vessels and supplies natural gas, which is 
combined with natural gas produced in the Yufutsu oil and 
gas field with LNG vaporized gas, to clients in Hokkaido. 
Part of the natural gas produced in the gas field is liquefied 
at the Yufutsu LNG Plant and transported by tank trucks 
and tank containers on railways to clients in Hokkaido.


01FOCUS  LNG Terminals


△ Rendering of the Soma LNG Terminal and FGP Fukushima 
Natural Gas Power Plant in 2020


Soma LNG Terminal ( see page 7- D )


The Soma LNG Terminal commenced its commercial 
operations in March 2018 as a key base of our natural gas 
supply network in Japan.


The terminal receives, stores, and vaporizes LNG 
procured overseas and supplies LNG vaporized gas through 
our natural gas pipeline network to clients along the way. 
It is also responsible for supplying LNG by tank trucks 
to clients in the Tohoku region and transporting LNG by 
coastal vessels to the Yufutsu LNG Receiving Terminal.


The terminal consists of one of the largest ground-type 
LNG storage tanks in Japan with a capacity of 230,000 kl, 
a receiving jetty for large ocean-going LNG carriers from 
overseas, a jetty for coastal vessels for receiving LPG (liquid 
petroleum gas) and dispatching LNG, LNG vaporization 
equipment, and an LNG shipping facility for tank trucks. 


In addition, construction of a second LNG tank and 
additional LNG vaporization equipment is in progress at 
the terminal to start its commercial operation coinciding 
with the commencement of commercial operations of the 
Fukushima Natural Gas Power Plant, now being built on 
adjacent land.


LNG Bunkering (LNG direct supply to vessels)


The spread of LNG-fueled vessels is expected to accel-
erate due to the trends in environmental regulations for 
ocean-going vessels after 2020, and consideration for 
implementing LNG bunkering to directly supply LNG to 
ships as marine fuel has been underway.


JAPEX is aiming for early realization of LNG bunkering in 
Japan and abroad by leveraging our infrastructure and ex-
perience acquired from LNG transfer operations between 
ships off Tomakomai port, Hokkaido in 2011 and 2012.
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● ● Advanced Technology


 Rising to the Challenge of 
Advanced Technologies to 
Address Future Energy Needs
Leveraging our strengths in technology and experience acquired through oil and gas E&P, we actively participate in 
projects for establishing and commercializing technologies toward realizing a low-carbonization/decarbonization 
society and developing new energy sources.


Carbon Dioxide Capture and Storage (CCS)


CCS is a method to capture CO2 from industrial facilities 
and power plants without emitting it to the atmosphere, 
and to transport and store it stably for a long time deep 
underground, which is suitable for geological sequestration. 
Correspondence related to global warming is needed 
in a global scale, and CCS is regarded as the practical, 
secure, and safe method for large-scale reduction of CO2. 
A demonstration project of CCS is being conducted in 
Tomakomai City, Hokkaido.


JAPEX will contribute to the commercialization of CCS 
by providing the advanced technologies it has acquired 
through the exploration and development of oil and gas, 
such as investigating subsurface structures and estimating 
petrophysical properties, drilling injection wells, 
production, fluid migration simulation, and subsurface 
monitoring based on seismic surveys.


01FOCUS  CCS and CCUS


△ Ground facilities of CCS Demonstration Project at Tomakomai 
(photo courtesy of Japan CCS Co., Ltd.)


Methane hydrate is a mixture of methane and water in 
solid form. It has been confirmed to exist abundantly 
under the seabed at depths of more than 500 meters 
near Japan. It is attracting significant attention in Japan 
for its potential of becoming a new domestic energy 
resource, and the government has launched a project to 
develop technology for its commercial production in a 
joint effort with private companies.


JAPEX will continue to pursue its commercialization by 
participating in the government verification test through 
Japan Methane Hydrate Operating Co., Ltd. (JMH), a joint 
venture established by 11 private companies including 
JAPEX in 2014.


02FOCUS  Methane Hydrate


△ Combustion of artificial methane hydrate 
(photo courtesy of Research Consortium for 
Methane Hydrate Resources in Japan)


03FOCUS  Deep-Sea Mineral Resources Exploration


The presence of rich mineral deposits within Japan’s 
vast exclusive economic zone has been confirmed. The 
government set up the Cross- ministerial Strategic 
Innovation Promotion Program (SIP) to develop science 
and technology by transcending conventional bureaucratic 
and academic boundaries, and to select the social issues 
that need to be addressed. For the second consecutive 
term, the SIP included an initiative for leading the world 


JAPEX has conducted verification tests and surveys in 
Akita Prefecture as well as in Indonesia and will continue 
pursuing initiatives for the commercialization of CCUS in 
Japan and overseas.


in establishing a survey technology for deep-sea mineral 
resources and sharing it with the private sector.


The Research and Development Partnership for Next 
Generation Technology of Marine Resources Survey 
(J-MARES) was established by private companies 
including JAPEX. J-MARES has been consigned to 
undertake technical development and verification tests 
for the first phase of the Next-Generation Technology for 
Ocean Resources Exploration program from fiscal 2014 
to 2018, as well as the second phase of the Development 
of Innovative Technologies for Exploration on Deep Sea 
Resources program, which began in fiscal 2018.


In the second phase, J-MARES is developing survey 
and production technologies while also verifying the 
presence of deposits of rare-earth minerals having  high 
concentration of rare earth elements located at a depth of 
2,000 meters under the sea.


JAPEX intends to play a leading role in J-MARES by 
applying our technology and expertise related to petroleum 
exploration, establishing the survey technology for deep-
sea mineral resources, and generating new private sector 
businesses based on that technology.


Carbon Dioxide Capture, Utilization and
Storage (CCUS)


CCUS is a method to capture CO2 from industrial facilities 
and utilize it before storing it in a sustainable site.


CO2-EOR (Enhanced Oil Recovery) is an example of the 
method whereby CO2 is injected into an oil field in which 
production has declined, to push out its remaining crude 
oil and store the CO2 underground. It is considered ideal for 
adoption in Japan and elsewhere, as we expect to reduce 
CO2 emissions while also increasing crude oil production.
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△ Sample of sediment collected during research in the 
seafloor surrounding Minamitori-shima Island (spherical 
metals are manganese nodules containing copper and nickel)







● ● CSR


Sustainable Growth and 
 Higher Corporate Value
Together with Stakeholders
Considering that our business of ensuring a stable energy supply is itself a corporate social responsibility (CSR), JAPEX 
seeks to grow as a company and increase our corporate value through forging relationships of trust and promoting mutual 
understanding with various stakeholders while ensuring safety and also the environment.


01FOCUS  Making HSE Our Corporate Culture


JAPEX has set Group targets for limiting greenhouse gas (CO2) 
emissions and promotes energy conservation and emission 
reduction at all business sites. We are also developing tech-
nologies such as CCS ( see page 12), which is expected to 
help offset future CO2 emissions, as well as clean sources of 
power, including renewable energy ( see page 9).


Furthermore, we take part in forest conservation activi-
ties. In addition to tree planting activities in the prefectures 
of Hokkaido, Akita, and Niigata, where we maintain oper-
ations, we participate in local activities such as planting 
trees at the Tsurushi Disaster Prevention Forest at Shinchi 
Town in Fukushima Prefecture, the location of our Soma 
District Office.


The JAPEX Diversity Policy was formulated in January 
2016 to help employees with diverse backgrounds better 


02FOCUS  Protecting the Environment


04FOCUS  Establishing the Best Place to Work


△Planting trees for the Tsurushi 
Disaster Prevention Forest


△ HSE seminar


HSE Policy and HSE-MS


JAPEX regards HSE (Health, Safety, and Environment) 
as the top priority for its business operations and has 
declared its commitment to occupational HSE and 
environment preservation under the JAPEX-HSE Policy. 
To implement the policy, we have set up a unique HSE 
Management System (HSE-MS) that is being deployed 
at all business operators of the Group in Japan and 
overseas.


Under the HSE-MS, we strive to effectively manage 
and reduce risk, foster and improve our HSE culture, 
and promote employee health, while applying PDCA 
cycles to continuously promote and improve our HSE.


△ Management seminar


△Calling out the Zero Accident slogan at a production facility


In regions where we do business, we strive to be a trusted 
company that contributes to the local community by engaging 
with various stakeholders and responding to their expectations.


In our overseas operations, we develop social 
infrastructure rooted in local needs, engage with local 
communities, and meet up with other stakeholders in 
cooperative and exchange activities.


In Japan, we participate in and otherwise support events 
and lectures hosted by local governments and offer facility 
tours and work experience programs. We also take part in 
local activities such as seasonal festivals as a member of 
the community in order to deepen local relationships.


03FOCUS  Contribution to Local Communities


△ Nagaoka District Office staff volunteer as 
traffic safety guards


Initiatives on Occupational Safety and Health


To ensure health and safety for employees, we conduct 
company-wide HSE education systematically while also 
working to cultivate and secure staff with the legally mandated 
and voluntary qualifications so they can meet key roles and 
positions in HSE management. And we develop company-
wide activities to let the HSE-first mentality penetrate, so to 
speak, and raise HSE awareness, through measures such as 
starting meetings with an "HSE Moment" to share personal 
experiences and observations related to HSE.


Wide-ranging HSE-MS audits are conducted at each 
worksite to confirm the status of legal compliance and 
implementation of HSE-MS as well as risk assessment 
and HSE education.


demonstrate their abilities and achieve personal growth 
as self-directed professionals, regardless of gender, 
nationality, age, career path, or workstyle.


To this end, we have sought to establish an environment 
and program framework that incorporates career devel-
opment for various workstyles, personnel system reforms 
to establish appropriate work hours and maintain a healthy 
work-life balance, and seminars and campaigns to raise 
awareness.


Moreover, we encourage every employee to exercise 
personal initiative in developing their careers as well as 
acquiring and enhancing their abilities and skills through 
our Career Development Program.
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● ● Corporate Profile ● ● Executives ● ● Corporate History


● ● Subsidiaries and Affiliates


Company Name: Japan Petroleum Exploration Co., Ltd.


Established: April 1, 1970


Paid-in Capital: JPY14,288,694,000


Number of Employees: 1,741 (consolidated basis)
 (as of March 31, 2019)


*1: Akira Kojima, Tetsuo Ito, and Yukari Yamashita are outside directors as stipulated 
under Article 2-15 of the Companies Act of Japan.


*2: Hiroyasu Watanabe and Norio Nakajima are outside audit & supervisory board 
members as stipulated under Article 2-16 of the Companies Act of Japan.


*3: Fellows support executives through their high degree of expertise in specialized 
fields.


Headquarters:


SAPIA Tower, 1-7-12 Marunouchi,
Chiyoda-ku, Tokyo
100-0005, Japan
TEL: +81-3-6268-7000


Representative Director and 
Chairman
Osamu Watanabe


Representative Director and President
Chief Executive Officer
Hideichi Okada


Representative 
Director
Executive Vice President
Masahiro Fujita


Senior Managing  
Executive Officer
Tsuyoshi Suga


Executive Officer
Tadashi Matsunaga


Director
Managing Executive 
Officer
Toshiyuki Hirata


Director
Managing Executive 
Officer
Kazuhiko Ozeki


Executive Officer
Senichiro Kaku


Executive Officer
Masanori Amano


Executive Officer
Shinichi Takahata


Executive Officer
Toshiaki Nakajima 


Fellow*3


Satoru Yokoi


Outside Director
Akira Kojima*1


Outside Audit & Supervisory 
Board Member
Norio Nakajima*2


Audit & Supervisory 
Board Member
Koichi Shimomura


Audit & Supervisory 
Board Member
Kenji Uchida


Outside Audit & Supervisory 
Board Member
Hiroyasu Watanabe*2


Special Advisor to President
Ajay Singh


Representative 
Director
Executive Vice President
Yosuke Higai


Managing Executive 
Officer
Yasushi Hamada


Executive Officer
Ryohei Wakishima


Director
Managing Executive 
Officer
Michiro Yamashita


Director
Managing Executive 
Officer
Yoshitaka Ishii


Director
Managing Executive 
Officer
Hajime Ito


Executive Officer
Minoru Kuniyasu


Executive Officer
Takamasa Miyadai


Fellow*3


Amane Waseda


Outside Director
Tetsuo Ito*1


Outside Director
Yukari Yamashita*1


Director
Senior Managing 
Executive Officer
Takahisa Inoue


Executive Officer


Ryuhei Murayama


Executive Officer
Tsuneta Nakamura


Director
Managing Executive 
Officer
Hirotaka Tanaka


Executive Officer
Junichiro Ando


Executive Officer
Yoshihiko MotoyamaAkita Natural Gas Pipeline Co., Ltd. 


JAPEX SKS Corporation


SK Engineering Co., Ltd.


North Japan Oil Co., Ltd.


Shirone Gas Co., Ltd.


Japex Pipeline Ltd.


JGI, Inc.


Geophysical Surveying Co., Ltd.


Japex (U.S.) Corp.


Japan Canada Oil Sands Limited


Hokkaido District Office:


134-648, Numanohata, 
Tomakomai City, Hokkaido 
059-1364, Japan
TEL: +81-144-51-2205


Akita District Office:


85-2, Hirune, Terauchi, Akita City, 
Akita 011-0901, Japan
TEL: +81-18-866-9511


Nagaoka District Office:


2-2-83 Higashi-Zao, Nagaoka City, 
Niigata 940-8555, Japan
TEL: +81-258-31-1401


Soma District Office:


159-2, Imagami, Komagamine, 
Shinchi Town, Soma County, 
Fukushima 979-2611, Japan
TEL: +81-244-26-9846


Sendai Liaison Office:


1-1-20 Kakyoin, Aoba-ku, Sendai City,
Miyagi 980-0013, Japan
TEL: +81-22-224-0731


JAPEX Research Center:


1-2-1, Hamada, Mihama-ku, 
Chiba City, Chiba 261-0025, Japan
TEL: +81-43-275-9311


Established as a government-owned 
company by the law of Japan Petroleum 


Exploration Co., Ltd. 


Discovered Mitsuke oil field
 (in production from 1958 to 2016)


Discovered Sarukawa oil field 
(in production from 1959)


Discovered Higashi-Niigata gas field 
(in production from 1959)


Discovered Amarume oil field
 (in production from 1960)


Discovered Katakai gas field 
(in production from 1960)


Discovered Shiunji gas field 
(in production from 1963)


Expanded the operation range overseas 
by the law article revision


Discovered Yoshii gas field 
(in production from 1968)


Separated from the Japan Petroleum 
Development Corporation (JPDC) 


and reorganized as a private company


Discovered Yurihara oil and gas field
 (in production from 1984)


Participated in the oil sands project in Canada


Discovered Iwafune-oki oil and gas field 
(in production from 1990)


Discovered Yufutsu oil and gas field
 (in production from 1996)


Discovered Ayukawa oil and gas field
(in production from 1995)


Operation commencement of 
Niigata-Sendai Gas Pipeline


Began test production in the oil sands project in 
Canada (in commercial production from 2003)


Listed on the First Section 
of the Tokyo Stock Exchange


Participated in the Kangean project 
in Indonesia 


(in development and production)


Participated in the Garraf project in Iraq  
(in production from 2013)


Participated in the shale gas project in Canada 
(in development and production)


Participated in the Natural Gas-fired 
Power Generation Project 


in Soma Port, Fukushima Prefecture


Commenced operation of 
Soma LNG Terminal


Aberdeen Representative Office:


One Marischal Square centre 5083,
Aberdeen, AB1O 1BL, U.K.
TEL: +44-12-2484-1358


Dubai Representative Office:


203 Spectrum Building, Al Qutaeyat Road, 
Oud Metha, P.O. Box 121620, Dubai, U.A.E.
TEL: +971-4-334-4248


Houston Representative Office:


5051, Westheimer, Suite 425 Houston TX 
77056, U.S.A.
TEL: +1-713-334-9800


Jakarta Representative Office:


Menara Cakrawala 9th Floor, JL.M.H. 
Thamrin, No. 9 Jakarta 10340, Indonesia
TEL: +62-21-3901507


Singapore Representative Office*:


10 Collyer Quay,
Level 40 Ocean Financial Centre,
Singapore 049315
TEL: +65-6808-6050


Main Offices


Main Businesses: Exploration, development, production and 
sales of oil, natural gas, and other resources 
and contract service-related operations, such 
as drilling


North Japan Security Service Co., Ltd.


Canada Oil Sands Co., Ltd.


Japex Offshore Ltd.


GEOSYS, Inc.


Japex Energy Co., Ltd.


Japex Garraf Ltd.


JAPEX Montney Ltd.


JAPEX UK E&P Ltd.


TOHOKU NATURAL GAS CO., INC.


JJI S&N B.V.


TELNITE CO., LTD.


Kitakyushu LNG Sales and Lorry Transport Corp.


Energi Mega Pratama Inc.


Kangean Energy Indonesia Ltd.


EMP Exploration (Kangean) Ltd.


Diamond Gas Netherlands B.V.


Sakhalin Oil and Gas Development Co., Ltd.


Fukushima Gas Power Co., Ltd.


Dec. 1955 


Mar. 1958 


Jul. 1958 


Jun. 1959 


Mar. 1960 


Dec. 1960


Aug. 1962 


May 1965 


Apr. 1968 


Apr. 1970


Jun. 1976


Dec. 1978


Jun. 1983


Mar. 1989


Nov. 1989 


Mar. 1996 


Mar. 1999 


Dec. 2003


May 2007


Mar. 2010


Apr. 2013


Apr. 2015


Mar. 2018


△ Headquarters


* A representative office registered in Singapore 
based on the rule of IE Singapore


 (Official Name: Japan Petroleum Exploration Co., 
Ltd. Representative Office Registered In Singapore)
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Japan Oil Transportation Co.,Ltd.


ANNUAL  REPORT 2019
Year Ended March 31, 2019







Before presenting the business report for the 102nd term (April 1, 2018 to March 31, 2019), I would like to 


take this opportunity to thank our shareholders for your support throughout the year.


Going forward, we expect the tone of moderate recovery in the Japanese economy to continue, but on the 


other hand there are concerns about the impact of the consumption tax hike scheduled for October 2019, 


and the increasingly uncertain outlook for overseas economies.


In the logistics industry, challenging conditions are expected to continue due to such factors as the problem 


of truck driver shortages and a rise in personnel costs.


Also, we expect the progressing consolidation and rationalization of oil manufacturing companies to have 


various effects on the JOT Group in the future.


Amid these conditions, the JOT Group companies are working together as a united group to achieve the 


objectives of the medium-term management plan under the slogan “Shift for the Next - We fulfill our 


responsibility to the future with thorough safety and high-quality service.”


In Fiscal 2019, the second year of the medium-term 


management plan, increases in fuel and personnel costs and 


the impact of natural disasters, etc. led to profits 


undershooting initial forecasts, but in Fiscal 2020, the final 


year of the plan, we will further promote the initiatives 


implemented thus far, seeking to achieve our targets of net 


sales of ¥33 billion or more, operating income of ¥1.2 billion 


or more, and ordinary income of ¥1.5 billion or more.


In parallel with these initiatives, in order to maintain the 


stability of transportation we will continue our focus on 


improving the employment environment to secure drivers 


and on expanding the number of vehicles, while also striving 


to further enhance safety education to provide a high-quality 


service going forward that customers can use without worry.


I continue to count on your generous support and 


cooperation.


August 2019


Shift for the Next
We fulfill our responsibility to the future


with thorough safety and high-quality service


Shoichiro Hara
President and Representative Director
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With the aim of achieving the objectives of the medium-term management plan (Fiscal 2018 - Fiscal 2020), 


the JOT Group worked to strengthen profitability by maintaining and expanding its transportation market 


share, promote growth areas such as LNG transportation, hydrogen transportation, and international 


chemical transportation, and improve productivity through increased collaboration among the JOT Group.


We also focused on securing truck drivers and on expanding the number of vehicles, with the aim of 


maintaining a stable transportation operation.


As a result, net sales in the fiscal year under review showed a year-on-year increase of 3.9%, to ¥34,240 


million, and operating income fell by 17.5% year-on-year to ¥1,009 million, due to increases in fuel costs 


and in personnel and other expenses. Ordinary income fell by 10.4% year-on-year to ¥1,315 million, and 


profit attributable to owners of parent fell by 19.8% year-on-year to ¥831 million.


Net Sales� (Millions of yen)


34,24032,951


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


30,960


100th term 
- Fiscal 2017


Profit Attributable to Owners 
of Parent� (Millions of yen)


831


1,037


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


1,014


100th term 
- Fiscal 2017


Ordinary Income� (Millions of yen)


1,315


1,467


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


1,467


100th term 
- Fiscal 2017


Dividend Per Share
� (Yen)


40


80


40


4040


80


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


40


40


80


100th term 
- Fiscal 2017


Year-endFirst six months (Interim period)


Operating Income� (Millions of yen)


1,009


1,224


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


1,150


100th term 
- Fiscal 2017


Total Assets / Net Assets
� (Millions of yen)


19,110


33,279


19,163


34,111


Net AssetsTotal Assets


102nd term 
- Fiscal 2019


101st term 
- Fiscal 2018


17,919


32,260


100th term 
- Fiscal 2017


*Effective October 1, 2016, we undertook a 1-for-10 stock 
consolidation, and the presented interim dividend for the 
100th term is calculated based on the number of shares post-
consolidation.
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Overview of the periodBusiness description


Oil 
Transportation 


Business


Net sales - ¥17,017 million


Operating income - ¥997 million


In the oil transportation business, faced with the move 
towards consolidation and rationalization by oil 
manufacturing companies, we took aggressive steps to 
maintain and expand our share of the transportation market, 
growing both net sales and operating income by revising 
freight for our main customers.
As a result, net sales in the oil transportation business rose by 
8.1% year-on-year to ¥17,017 million, and operating income 
rose by 64.6% year-on-year to ¥997 million.


Making use of two 
different modes of 
transportation, namely 
rail tank car 
transportation, which 
enables the 
transportation of high 
volumes at low cost and 
with little environmental 
impact, and truck transportation, which is agile and flexible, 
the JOT Group conducts transportation of fuel oils such as 
gasoline, diesel, and kerosene.


High-Pressure 
Gas 


Transportation 
Business


Net sales - ¥8,494 million


Operating income - ¥96 million


In the high-pressure gas transportation business, our efforts 
to expand new LNG transportations resulted in higher net 
sales, but due to increases in fuel costs and in personnel and 
other expenses, operating income fell.
As a result, net sales in the high-pressure gas transportation 
business rose by 0.6% year-on-year to ¥8,494 million, and 
operating income fell by 79.5% year-on-year to ¥96 million.


The JOT Group conducts 
multimodal 
transportation by tanker 
truck and rail tank 
containers. We link our 
customers’ satellite 
stations and plants, etc., 
to LNG import terminals 
around Japan, as well as 
to domestic gas fields.


Chemical and 
Container 


Transportation 
Business


Net sales - ¥8,549 million


Operating loss - ¥151 million


In the chemical transportation business, besides the growth 
of domestic transportation as a result of proactive 
development of sales activities, rate restoration for 
international transportation resulted in a net sales increase.
In the container transportation business, suspension of 
freight train services caused by natural disasters such as the 
torrential rain that hit western Japan in July 2018, and the 
impact of poor growth of vegetable crops in the Hokkaido 
region, led to a fall in net sales.
As a result, net sales in the chemical and container 
transportation business showed a year-on-year fall of 0.4% 
to ¥8,549 million.
Moreover, with regard to profits, the fall in net sales caused 
by natural disasters, etc., and increases in expenses related to 
investments led to an operating loss of ¥151 million, 
compared to operating income of ¥89 million for the 
previous fiscal year.


In the container 
transportation business, 
the JOT Group is also 
engaged in rental and 
leasing of various types of 
rail containers, such as for 
agricultural products, food 
products, industrial 
products, and courier services, in order to meet the needs of our 
customers.


In the chemical 
transportation business, the 
JOT Group is developing 
the leasing of containers 
for the transport of liquid 
and powder chemicals and 
foodstuffs, as well as 
multimodal transportation, 
combining various methods of transportation.


Other 
Business


Net sales - ¥179 million


Operating income - ¥66 million


In the solar power generation business, net sales fell by 1.1% 
year-on-year to ¥179 million, but operating income rose by 
16.5% year-on-year to ¥66 million due to reductions in 
expenses.


With regard to the solar 
power generation 
business, there are 
currently four solar power 
plants located around 
Japan.
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Introduction to high-pressure gas transportation business (LNG transportation)
LNG transportation at the JOT Group began with tanker truck transportation in 1984, followed by rail transportation in 2000, which was 
characterized by the first use of LNG tank containers in Japan.
LNG stands for Liquefied Natural Gas, which is created by extracting natural gas from gas or oil fields. This is then separated, purified, and 
refrigerated to a temperature of -162°C. Because its CO2 emissions are low, LNG is attracting attention as an environmentally friendly and clean 
source of energy.
By liquefying, its volume can be reduced to approximately 1/600th of the gas volume, allowing for efficient transportation.
For the transportation of LNG, which is a hazardous substance, the JOT Group has established a specialized training center. Here, in addition to 
obtaining the necessary knowledge for these operations, personnel utilize a real LNG tanker truck and training-use piping devices to practice their 
skills in realistic conditions.
With regard to transportation, we are proud to have the largest domestic transportation share for LNG, the result of approximately 30 locations 
nationwide in combination with partner companies.
Going forward, we will focus all our energies on safe and certain transport, while maintaining a keen awareness of our role as an expert in the 
transportation of LNG, which as a clean energy source is expected to see further growth in demand.


- Introduction of new, low-height ISO tank containers
The chemical transportation business of the JOT Group leases mainly ISO tank containers, which conform to international standards.
We have recently developed a new type of low-height ISO tank container for customers considering replacement of old tanker trucks or 
looking for new transport means.
By further restricting the height of containers to less than 2 meters, lower than the previous containers used, we achieved a height close to 
that of tanker trucks, and also succeeded in reducing the weight.
In addition, by providing toolboxes, hose cases and folding ladders as standard features, instead of as options as had previously been, we 
managed to reduce the time required for conversion of new containers.
In Fiscal 2019 we brought in 30 containers, which have been met by praise from customers. Going forward we plan to increase this 
number further.
The JOT Group will continue to develop a variety of containers to meet the needs of customers in the future, and put all our efforts into 
initiatives to further expanding the business platform.


Chemical transportation business : Topics for Fiscal 2019


TOPICS &  COLUMN


Low-height ISO tank container Folding ladder


Practicing skills at the training centerLNG tanker truck
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Millions of yen Millions of
U.S. dollars


Assets 2018 2019 2019


Current assets:
Cash and deposits 	 ¥� 2,856 	 ¥� 2,046 	 $� 18.4
Notes and accounts receivable - trade 3,922 3,672 33.1
Inventories 38 166 1.5
Other 571 485 4.4


Total current assets 7,388 6,371 57.4
Non-current assets:


Property, plant and equipment 20,316 21,155 190.6
Buildings and structures 1,869 2,003 18.1
Machinery, equipment and vehicles 3,846 4,034 36.3
Containers 3,052 3,232 29.1
Land 5,486 5,513 49.7
Lease assets 5,917 6,213 56.0
Construction in progress 59 92 0.8
Other 84 65 0.6


Intangible assets 62 98 0.9
Software 60 41 0.4
Other 2 57 0.5


Investments and other assets 6,343 5,653 50.9
Investment securities 5,201 4,437 40.0
Deferred tax assets 633 712 6.4
Other 509 504 4.5


Total non-current assets 26,723 26,908 242.4
Total assets 	 ¥�34,111 	 ¥�33,279 	 $� 299.8


Millions of yen Millions of
U.S. dollars


Liabilities 2018 2019 2019
Current liabilities:


Notes and accounts payable - trade 	 ¥� 2,033 	 ¥� 2,021 	 $� 18.2
Short-term loans payable 433 538 4.9
Lease obligations 1,531 1,699 15.3
Accrued expenses 576 784 7.1
Income taxes payable 332 216 2.0
Provision for bonuses 707 696 6.3
Provision for directors' bonuses 84 100 0.9
Other 990 849 7.7


Total current liabilities 6,690 6,908 62.2
Long-term liabilities:


Lease obligations 4,433 4,559 41.1
Deferred tax liabilities 578 351 3.2
Reserve for vehicle repairs 244 286 2.6
Net defined benefit liability 2,566 1,583 14.3
Other 434 479 4.3


Total long-term liabilities 8,258 7,260 65.4
Total liabilities 	 ¥�14,948 	 ¥�14,169 	 $� 127.7


Net assets
Shareholders’ equity 17,762 18,328 165.1


Common stock 1,661 1,661 15.0
Capital surplus 290 290 2.6
Retained earnings 15,845 16,412 147.9
Treasury shares, at cost (35) (35) (0.3)


Accumulated other comprehensive income 1,400 781 7.0
Net unrealized gains on other securities 1,497 908 8.2
Deferred gains or losses on hedges (3) (0) (0.0)
Remeasurements of defined benefit plans (93) (127) (1.1)


Total net assets 19,163 19,110 172.2
Total liabilities and net assets 	 ¥�34,111 	 ¥�33,279 	 $� 299.8


CONSOLIDATED BALANCE SHEETS
As of March 31, 2019 and 2018


Japan Oil Transportation Co., Ltd. and its Consolidated Subsidiaries
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Consolidated Financial Statements (Summarized)







Millions of yen Millions of
U.S. dollars


2018 2019 2019


Net sales 	 ¥�32,951 	 ¥�34,240 	 $� 308.5
Cost of sales 29,797 31,144 280.6
Gross profit 3,154 3,095 27.9
Selling, general and administrative expenses 1,930 2,086 18.8
Operating income 1,224 1,009 9.1
Non-operating income 500 558 5.0


Interest income 0 0 0.0
Dividend income 98 116 1.1
Rent income on fixed assets 256 256 2.3
Gain on sales of non-current assets 62 51 0.5
Share of profit of entities accounted for using equity method 26 43 0.4
Other 57 89 0.8


Non-operating expenses 257 252 2.3
Interest expenses 73 73 0.7
Rent expenses on fixed assets 91 93 0.8
Loss on sales and retirement of non-current assets 51 39 0.4
Other 40 46 0.4


Ordinary income 1,467 1,315 11.9
Extraordinary income 269 70 0.6
Extraordinary expenses 45 97 0.9
Profit before income taxes 1,692 1,288 11.6
Income taxes - current 590 503 4.5
Income taxes - deferred 64 (47) (0.4)
Profit 1,037 831 7.5
Profit attributable to non-controlling interests — — —
Profit attributable to owners of parent 	 ¥� 1,037 	 ¥� 831 	 $� 7.5


CONSOLIDATED STATEMENTS OF INCOME
Years ended March 31, 2019 and 2018


Millions of yen Millions of
U.S. dollars


2018 2019 2019


Net cash provided by operating activities 	 ¥� 4,223 	 ¥� 3,547 	 $� 32.0
Net cash used in investing activities (2,979) (3,150) (28.4)
Net cash used in financing activities (691) (1,213) (10.9)
Effect of exchange rate change on cash and cash equivalents (8) 7 0.1
Increase (decrease) in cash and cash equivalents 544 (810) (7.3)
Cash and cash equivalents at beginning of year 2,311 2,856 25.7
Cash and cash equivalents at end of year 	 ¥� 2,856 	 ¥� 2,046 	 $� 18.4


CONSOLIDATED STATEMENTS OF CASH FLOWS
Years ended March 31, 2019 and 2018


Note: The approximate exchange rate in effect on March 31, 2019 was ¥110.99 = U.S. $1.
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Company Profile (As of March 31, 2019)


Company Name:	 Japan Oil Transportation Co., Ltd.


Established:	 March 27, 1946


Head Office:	 WEST BLDG. Gate City Ohsaki


	 11-1, Ohsaki 1-chome, Shinagawa-ku, Tokyo 141-0032, Japan


	 TEL: 81-3-5496-7671


	 URL: https://www.jot.co.jp/en


Paid-in Capital: 	 ¥1,661 million


Number of Employees:	 1,494 (consolidated); 159 (non-consolidated)


Primary Business


1. Transportation of oil products (gasoline, kerosene, etc.) by rail tank car and truck


2. Transportation of high-pressure gas (LNG, etc.) by rail container, truck, and intermodal transportation


3. Transportation of petrochemical and related products by rail container, truck, and domestic and international intermodal transportation; 


leasing of a range of containers


4. Rental and leasing of railway refrigerated containers and freezer containers and related items


5. Solar power generation business


Major Subsidiaries (As of March 31, 2019)


Company Name Paid-in
Capital


Equity
Ownership Primary Business


ENEX, Inc. 	 ¥�100 million 100.0% Trucking transportation of oil products, high-pressure gas, and related 
products, disaster prevention at petroleum industry complexes


Kinki Oil Transportation Co., Ltd. 	 ¥� 75 million 100.0% Trucking transportation of oil products, high-pressure gas, and 
related products


NICHIYU CO., LTD. 	 ¥� 40 million 100.0% Sales and leasing of rail vehicle and container accessories, insurance 
agency


New J’s Co., Ltd. 	 ¥� 48 million 100.0% Trucking transportation of petrochemical and related products,
automobile services


JK TRANS Co., Ltd. 	 ¥�100 million 100.0% Trucking transportation of oil products, petrochemical and 
related products


Japan Oil Transportation Co., Ltd.


WEST BLDG. Gate City Ohsaki
11-1, Ohsaki 1-chome, Shinagawa-ku, Tokyo 141-0032, Japan


Printed in Japan


Corporate Information
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Nikkei Asian Review, “Transporting natural gas by train: the greener way to go” (2018)



	This web article from the Nikkei Asian Review, an English-language business journal, focuses on insights about the transport of LNG by rail, expressed by representatives of Japan Petroleum Exploration (JAPEX).  JAPEX has shipped LNG by rail since 2000, and uses a combination of trucks and trains to transport 70,300 tons of LNG each year from its plant in Tomakomai, on the northern island of Hokkaido.

	According to a business development manager at JAPEX, trains are more cost-effective and efficient when the transportation distance exceeds 200-250 kilometers (approximately 125-155 miles).  In addition, LNG containers can be “simply” offloaded from trucks onto freight trains, and back onto trucks for the “final leg of the journey.”

	In general, the company sees growing demand for LNG, and opportunity for LNG by rail despite underdeveloped railway infrastructure in emerging Asian countries.  Not only is rail economical for moving large quantities of LNG over longer distances, combining rail and truck transportation is expected to cut carbon emissions by 80% compared to truck transportation alone.  For these reasons, and given the company’s experience, JAPEX has offered to assist with feasibility studies, which would cost approximately $3,000 - $30,000.



Stewart, R. & Tada, H., “Japan Liquefied Natural Gas (LNG) Intermodal Container Operations: Applicability to U.S. Operations” (2016)



	This article examines the LNG transportation system in Japan, specifically LNG by rail, and evaluates its feasibility for operations in the United States. Richard D. Stewart, Ph.D of the University of Wisconsin, Superior and Hiroko Tada of the Great Lakes Maritime Research Institute, conducted this study through several site visits in Japan. They also conducted multiple and interviews with organizations involved in the LNG supply chain, such as Japan Oil Transport, JR Freight, JAPEX, Komatsu Gas, and Kanazawa Water & Energy. 

	According to the authors, Japan has developed a safe LNG transportation system. At the time of writing, LNG had been transported by rail for 16 years without accident. Stewart and Tada note that the above organization take safety seriously and often goes above and beyond regulatory requirements.

	The authors conclude that the Japanese model is feasible for operations in the United States. Stewart and Tada base this conclusion on Japan’s safety record and operating in populated areas and in close proximity to passenger rail service. Further, the authors make an economic argument in that an LNG tank car has the potential to be more cost effective for shipping large volumes of LNG over long distances and time periods. 
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 Zhardemova, B; Kanatbayevb, T; Abzaliyevac, T; Koilybayev, B; Nazarbekova, Z. “Justification of location of LNG infrastructure for dual-fuel locomotives on the railway network in Kazakhstan” (2018)

The authors undertake a technical feasibility study to find if LNG would be a suitable fuel for locomotives in Kazakhstan. The report accounted for Kazakhstan’s LNG infrastructure, cargo flow, length of haul maintenance service, and zoning. They found that the zones of possible use of LNG for diesel traction are nearly identical to the zones with passing natural gas pipelines. Moreover, the authors provide a justification methodology of the location of the main LNG infrastructure facilities for locomotives on dual-fuel, as well as the technical and technological functionality of the railway stations and depots. The authors concluded that LNG is a suitable fuel for locomotives on the diesel traction network in Kazakhstan. 



Blomerus, Paul. “Economic and Environmental Benefits of Natural Gas Fuel for the Rail Sector in Canada” 2017. 

This report was completed by the Natural Gas Emerging Markets Working Group as an initiative of the Canadian Natural Gas Roadmap Implementation Committee. The objective of the working group was to investigate the potential for natural gas as a fuel in emerging markets for transportation in Canada. The working group believed that natural gas as an alternative fuel to diesel would be economically beneficial. 

This Working Group was co-chaired by Natural Resources Canada, Transport Canada, and the Canadian Gas Association. The analysis performed for this report suggests that if rail diesel remains over 80c/L, then 40-50% savings in fuel cost can be achieved by converting existing locomotives to run on a blend of natural gas fuel and diesel using OEM supplied conversion kits, leading to a favorable business case. 

The report states the Canada should conduct further research and development, and that extensive research has been completed in the United States. In order for Canadian authorities to move forward with using natural gas as fuel for the rail network, a major investment is required in liquefaction and locomotive equipment, estimated at $2.8 billion for the highest potential mainline freight locomotive population of 1,420 locomotives identified in this report.



Pfoser, S.; Simmer, L.; Aschauer, G.; Schauer, O. “Facilitating LNG Application in Landlocked Europe: An Overview of Potentials and Challenges”

The authors undertook this research due to the lack of LNG infrastructure in Europe, specifically in Central Europe. There are several LNG refueling stations in Europe, however, all are concentrated in coastal areas. The aim of this paper was to examine the potential and challenges associated with LNG application in landlocked regions of Europe.

The lack of transportation infrastructure in Europe was researched at length. Specifically, the transport of LNG by rail was discussed as a viable option; however, there is no access to rail tracks and there is also no other LNG terminal offering rail loading in Europe at the time of writing. The authors concluded that transporting LNG by inland waterways served as the best option. To research the demand of LNG in Europe, the authors conducted several interviews with logistics and transportation companies. These interviews found that there is interest for LNG as a fuel, but there are still several barriers which are hampering interest. Specifically, investment costs for LNG technology are significantly more expensive than for example for diesel.

[bookmark: _GoBack]They results of the study found that LNG has potential in Europe due to ecological advantages but also economic ones.



Summary of Findings



Overview of LNG transport in Japan

Japan Petroleum Exploration Company (JAPEX) is the shipper. This organization is 50% privately owned, 50% government owned (Ministry of Economy, Trade, and Industry)

Truck transportation between LNG terminal and freight station; Japan Oil Transport (JOT), they are tank car owners.

Container handling in the freight station JR Freight 



JR Freight 

Company Overview

Japan Rail Freight (JR Freight) is a freight railroad company founded in 1987. JR Freight is state-owned, while the other JR passenger rail companies (JR Hokkaido, East, Central, West, Shikoku, Kyushu) are private companies. Japan has a vast train network but freight rail is not widely used. JR Freight transports 5% of the country’s freight volume, while ships transport 44% and trucks transport the remaining 50%. In fiscal year 2018, JR Freight carried 29.22 million tons of freight. The volume of freight has remained relatively steady over the last ten years, peaking at 33.08 tons in fiscal year 2008. 

JR Freight has transported dangerous goods since its founding. Although the company’s main business is the container transport of food, paper products, and luggage, JR Freight also has experience with the transportation of oil. 68% of all tank car traffic in Japan is the transportation of oil. 

	

Transportation of LNG and other Dangerous Goods

The company complies with a myriad of Japanese laws that regulate the transport of dangerous goods. These domestic laws vary from the international standard specifically on hazard communication, security plans, emergency planning, amongst others. In addition to national dangerous goods regulation, JR Freight has a dangerous goods company policy. The company will not contact with any shippers that are unable to meet dangerous goods company policy.

In March 2000, the transportation of LNG by rail began due to the lack of pipeline infrastructure throughout Japan. At that time, Japan did not have a strong regulatory process, and as a result there is no documented regulatory approval process. JR Freight did negotiate with the Ministry of Land, Infrastructure, Transport and Tourism and the Ministry of Economy, Trade, and Industry, to approve the transport of LNG. This occurred through a series of meetings where JR Freight explained their plan for the safe transportation of LNG by rail. 

In 2000, the first area LNG was transported in was in Western Japan, from Kanazawa (population 465,000) to Niigata (population 810,000). Later, an extension was added, bringing LNG from Niigata further north to Aomori (population 287,000). Around 2015, LNG by rail was suspended through this entire corridor because a pipeline was built. 

Around 2012, the transport of LNG by rail began on the island of Hokkaido, Japan’s northern most island. JR Freight operates two LNG by rail operations in Hokkaido: Tomakomai (populations 172,000) to Kushiro (populations 174,000) and Tomakomai to Asahikawa (339,000). There is an LNG terminal in Tomakomai. These two lines are still operational today. 

From 2000 through 2015 LNG was also transported in western Japan. It only stopped because a pipeline was built.



Accidents/Incidents

Over the past twenty years, there have been no major LNG by rail accidents in Japan.  The definition of accidents is similar to the way the HMR defines accident,  the weay There have been however, minor incidents, leaks and other valve related issues. There is no formal accident or incident notification process.  





Operational Controls

The maximum train length of freight and passenger rail is 540 meters (1,771 feet), which equates to 26 freight cars and a locomotive. The reasoning for this restriction has to do with the signaling system. The shortest signal block distance is 600 meters; therefore, trains cannot exceed this length. Further, Japan also has a national rule that requires the emergency braking distance is less than the shortest signal blocking distance. 

There are no regulations on how many LNG cars can be in one train consist. However, JR Freight indicated depending on demand, there is usually between eight and ten LNG cars. Further, in Japan, LNG and other dangerous goods share track with passenger rail. Freight trains, however, do not share track with the Shinkansen, the Japanese bullet train. Most freight trains operate at night, to avoid peak hours of passenger rail use. Dangerous goods and LNG routes are pre-determined and they usually do not deviate from those route. If on the rare occasion they must deviate from these determined routes, JR Freight is required to negotiate with city authorities and emergency response for approval. On average, JR Freight runs 420 trains daily.

The maximum speed of freight trains in Japan is set at 62 MPH. However, the average speed of freight trains is 43mph. There are no speed restrictions for trains carrying LNG or other dangerous goods.

Natural disasters and extreme weather are commonplace in Japan. A majority of the country is susceptible to typhoons, heavy snow, and earthquakes. The capital city of Hokkaido, where LNG is transported by rail, routinely sees 15 feet of snowfall annually. 

 In the event of a natural disaster, JR Freight will halt the transportation of LNG. If there is an incoming typhoon, and therefore train suspension, JR Freight will not load LNG or other dangerous goods onto the train. In the event of an earthquake, the company responds based on level of the earthquake: 

· Small class earthquake – no change in policy, trains will continue operating. 

· Middle class earthquake – train controller stops all operation, and check rail track condition. After track conditions have been checked, they can resume operations. 

· Large class earthquake – All trains immediately stop. 



There is no formal information sharing process between JR Freight and emergency response. The company has held meetings with firefighters to discuss their dangerous goods operations, specifically on accident response. On occasion, firefighters will join JR Freight’s annual dangerous goods training. Japan has had few terrorist events, and as a result, there are no security requirements for LNG or other dangerous goods. Only flammable and explosive materials have reporting requirements. Information on the shipper, volume, receiver, transport route, train number, must be reported to local police. On occasion, the local police will check shipments. 



Freight management system 

JR Freight uses two systems IT-FRENS and TRACE System in order to manage the railway system in real time. IT-FRENS can be used by freight forwarders to book containers, and can be used a container tracking system. TRACE, on the other hand, is an internally used system to organize containers and locate goods. 





Storage

There are strict rules on the storage of LNG at railyards. LNG may remain at a railyard for a period of up to 24 hours. If the storage of LNG containers need to exceed 24 hours, a request must be made to local fire and police. This is usually only done only in the event of weather or natural disaster reasons. 

 LNG containers and general freight containers are handled in the same yard; however, they are segregated.  At the Tomakomai Freight Station in Hokkaido, there is an area delineated by a white line that serves as LNG storage. There are no further operational controls (i.e. fencing, or other security measures) to separate the LNG from the rest of the general cargo.





Japan Oil Transport Company (JOT)



Company overview

In 1946, the Japan Oil Transport Company Limited (JOT) was established and primarily focused on the transport of crude oil domestically. In the years since, JOT has expanded operations to the transport of chemicals, LPG, LNG, and other high pressure gas products. JOT is a private company that owns tank cars. Since LNG by rail began in Japan, they have provided LNG transport services to connect import entry points and domestic gas fields across Japan to the satellite locations of our customers.

 Before transportation began, Japan Petroleum Exploration Company (JAPEX, the shipper) worked with the community so the community members understood what would be moving through the area.

JOT estimates that they transport 10 million tons of LNG annually.



Routing 

All trucks transporting LNG must go on a route that is approved by the Ministry of Land, Infrastructure, Transport, and Tourism (MLIT), Road Bureau. This approval process is not just for LNG, but for all dangerous goods. There are other routing controls in place, for example, trucks cannot enter tunnels longer than 10 kilometers (6.2 miles). JOT may apply for an exception from MLIT, should they need to enter tunnels longer than 10 kilometers.  Further, if the truck stops for more than two hours, JOT also has to apply for permission from MLIT.



Incident Reporting/Information Sharing

JOT reported that given there are few incidents, there is no formalized incident reporting system. If an incident were to occur, it would be reported through the chain of command. Prior to transportation, no information is shared with emergency response. In terms of sharing information with the community – they explained that their customer, Japan Petroleum Exploration Company Limited (JAPEX) worked with the community so the community members understood what would be moving through the area. 



Tank Specifications

JOT declined to provide information on LNG tank specifications. They did however indicate that the tanks are made in Japan by two companies - Air Water Company and another company that also manufactures the Japanese Shinkansen (bullet train). 





Training

JOT carries out regular education and training for all personnel associated with the LNG. 

JOT has their own dedicated training facilities, where they conduct drills on tanker truck construction and operating procedures as well as in-depth education on proper first response after an incident occurs. This education and training is conducted repeatedly according to level and experience, but at a minimum is conducted annually. 



Security

All LNG drivers are company staff, and JOT does not hire part time or contact workers on their LNG related business. All employees go through the normal interview/hiring process, but beyond that there are no additional security or background checks. Background checks are rare in Japan. There are strict privacy laws that usually prevent private businesses knowing the full criminal background of employees.  

All drivers have an alcohol check prior to transporting LNG. This check is done every time they transport the product. Further, the company closely manages drivers’ hours and asks how many hours they slept before driving.
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Summary


The following thesis is written in collaboration with Nordland County Council and 


Jernbaneverket and can be taken as the input to Norwegian national transport planning 


process (NTP). One of the currently escalated questions by Jernbaneverket is related with 


the future of non-electrified railway tracks in Norway. The decision has to be made 


whether to leave the diesel fleet or adopt alternative fuel, which would increase the 


environmental performance of Norwegian railway industry.  One of the main fuel options 


is liquefied natural gas (LNG). It is safe, environmentally friendly fuel and may offer a 


cost advantage compared with oil-based fuels.  


The aim of the thesis research is to analyse the potential of LNG in the Norwegian rail 


freight industry from economic perspective, and provide the recommendations towards 


fuel implementation for Jernbaneverket. The selected case study is the Nordland Line 


connecting Bodø and Trondheim by a 729 km railway line.  


SWOT analysis was made in order to explore LNG as a transportation fuel’s 


advantages, disadvantages, opportunities and threats of being implemented in Norwegian 


railroading.  It showed that even though there are crucial advantages about LNG (e.g. price 


competitiveness, environmental effectiveness, abundant resources, etc.), still a 


considerable number of disadvantages and risks limit the attractiveness and progress of the 


LNG technology. For instance, lower energy density, not existing regulatory environment 


supporting a switch to LNG fuels, higher upfront costs and not fully developed 


downstream refuelling infrastructure act as a strong brake for implementation of LNG fuel 


in rail transportation.  


The empirical research was based on two different methodological tools: production 


cost analysis (from rail operator’s perspective) and cost-benefit analysis (from society’s 


perspective). PCA revealed that with current price levels in the fuel market operating costs 


for LNG locomotive would be slightly higher than for diesel locomotive. CBA results 


showed a very marginal LNG benefit over diesel fuel for society; however taking into 


account all disadvantages and risks of LNG fuel it is believed that the price gap of fuels 


should be higher in order to justify the investments.  


Finally, the situation is very sensitive to the change of fuel prices. A small increase of 


diesel price can increase LNG attractiveness considerably. Therefore, LNG fuel should not 


be underestimated in the long term when engine technology will mature, refueling 


infrastructure will be fully developed and the price differential will become high enough to 


invest into new generation locomotives. 
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1.0 INTRODUCTION 


1.1 General overview 
 


There is a growing interest in using Liquefied Natural Gas (LNG) as a transportation 


fuel for freight rail both in academic and business society. For instance, Class 1 railroads
1
 


are already considering and analysing about switching from diesel to LNG fuel for railway 


locomotives (IRJ 2013). Also, according to Oscar Munoz (2013, quoted in Strømhaug 


2014, 1), executive vice president and chief operating officer in CSX Corporation: “LNG 


technology has the potential to offer one of the most significant developments in 


railroading since the transition from steam to diesel in the 1950s. That change took many 


years to complete and began with a lot of unknowns, and this one is no different”.  


There are mainly two reasons of this possible historic change – potential for 


significant cost savings and environmental effectiveness compared with diesel fuel that is 


commonly used to run locomotives if the mainline is not electrified. The fuel costs for 


Class 1 railroads is the important element influencing the final service price since they 


represent 23% of total operating expenses (EIA 2014a). According to EIA (2014a), the 


North Sea Brent spot price for crude oil was about seven times higher than Henry Hub spot 


price for natural gas on energy equivalent basis in 2012. Even though the oil-to-gas price 


ratio is forecasted to narrow in the future, still a significant gap is expected to continue 


(crude oil prices 3.2 times higher than natural gas price per MMBtu by 2040). Moreover, 


according to Garry Hart (quoted in Fuel Fix 2014), CEO of engineering and consulting 


company Black &Veatch, the switch of 200 locomotives to LNG fuel could cut railroad’s 


annual fuel costs by approximately 60-80 million dollars per year. Therefore, given that 


railway companies use considerable volumes of diesel fuel every year and the big price 


differential after the shale gas revolution in US, there is no surprise that Class 1 railroads 


are extensively developing the first prototypes of LNG-fuelled locomotives and their 


standardized tenders. It is estimated that the growth of LNG supply should reach about 35 


per cent of total freight rail by 2040 in US (Chase 2014). However, the latter rate of 


adoption strongly depends on the LNG technology commercialization rate and the 


development of regulatory framework. 


                                                 
1
Class 1 railroads – major US railroads, are defined as line-haul freight railroads that account for 94% of total 


rail freight revenue. The companies are: BNSF, Union Pacific, Canadian National Railway, CSX Corp., and 


other. 
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From environmental point of view LNG is claimed to be the cleanest fuel compared to 


conventional gasoline and diesel fuelled vehicles (Kumar et al. 2011, Ou and Zhang 2013, 


Arteconi et al. 2010). The researchers Ou and Zhang (2013) concluded that thanks to a 


lower carbon content of LNG compared with petroleum, CNG- and LNG-powered 


vehicles emit 10-20% and 5-10% less GHGs than gasoline- and diesel-fuelled vehicles, 


respectively.  


The current status on the use of LNG to power railway locomotives is (Strømhaug 


2014): 


 LNG as a fuel for railway locomotives has been tested out over some years, and is 


becoming more and more common in USA, Canada and Australia.  Results so far 


have shown very positive indication regarding reduced emission and economy.  


New locomotives have been built, but so far most locomotives are converted from 


diesel to LNG (Dual fuel).   


 LNG is extensively used as a transportation fuel in all forms of transport in India, 


and also Bolivia, Peru and other LNG producing countries in South America. 


 In spite of quite long experience with LNG in ships and road transport, there seems 


to be no experience in Europe on use of LNG in railway operations.  


 There is relatively low competence on the issue in academia and public 


administration in Europe.  


Overall, even though there is a very little knowledge about LNG potential to power 


the railway locomotives, it is believed that for the main-haul freight trains on lines that are 


not electrified due to high cost and low traffic, LNG might be a better solution than diesel 


fuel (Strømhaug 2014).  


1.2 Definition of LNG 


According to Kumar et al. (2011), natural gas is a mixture of paraffinic hydrocarbons 


such as methane, ethane, propane and butane, etc.; and it can be used either as compressed 


natural gas (CNG), liquefied natural gas (LNG) or blended with hydrogen. LNG is the 


cleanest form of natural gas and contains more than 98% methane. Also, LNG is a clear, 


odourless, non-toxic, non-corrosive, cryogenic liquid at atmospheric pressure (Kumar et al. 


2011). LNG can be get by cooling it down to -162 °C at which it becomes a liquid and 


easy to transport since this process reduces LNG volume by a factor of more than 600 


(Kumar et al. 2011). Also, the author claims that other advantages of LNG over CNG and 
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LPG are related with easier transportation, storage and better density as well as higher 


flexibility compared to compressed natural gas. 


1.3 Relevance of the topic 
During InnoTrans


2
 2014 exhibition in Berlin, the commercial companies presenting 


exclusively the railway engine technologies (MTU, Vis Systems) stated that they are 


already making feasibility studies about LNG as well as intensively working on 


developing the first LNG-engine prototypes. However, the exhibitors mention that it might 


take several decades until we see the commercial production of LNG engines designed for 


rail locomotives.  


Moreover, overviewing the existing scientific literature about LNG it was found that 


there is plenty of information about the general aspects of LNG; however, very little 


information exists about LNG as a freight locomotive fuel. Therefore, it is believed that 


this research would bring new insights about the potential of LNG in railroading and in 


this way would reduce the high existing academic knowledge gap.  


Finally, there is a growing interest in Norway on this issue as well. Nordland County 


Council and Jernbaneverket asked for studies related to use of LNG as a fuel for the 729 


km long railway line (Nordlands – banen) between Trondheim and Bodø as the input to 


Norwegian national transport planning process (NTP). If the research would show positive 


results, the next step would be to implement a project on full-scale testing on LNG 


locomotives in a Norwegian setting. This research is intended to reveal economic 


prospects of the LNG technology; therefore, it could contribute to the main project later in 


case of its implementation. Agreements with Nordland County Council and Jernbaneverket 


have been signed for collaboration regarding this Master’s thesis.  


1.4 The structure of the paper 
The idea of research is to analyse the potential of the LNG technology to power 


railway locomotives in terms of financial and social benefits compared to its respective 


costs. Currently, LNG use in railroading is the new phenomenon with a lot of challenges 


and unclear outcomes; however, it is generally believed that LNG might become a new 


source of energy not only in the road and shipping sector but also in the rail industry. 


The paper is structured as follows: 


                                                 
2
InnoTrans 2014 – International Trade Fair for Transport Technology. It focuses mainly on Railway 


technology. 
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Section two gives a reader a broader picture about natural gas and LNG importance 


globally and in Norway. Also, the current application of LNG in transport sector, its value 


chain and pricing systems are overviewed. 


The research methodology for the thesis as well as research problem and research 


objective is determined in section three. 


Section four elaborates the theoretical aspects of LNG as a fuel potential in 


transportation. It covers the current findings of LNG usage in road and short sea shipping 


as well as explores the possible challenges for implementing LNG technology in 


Norwegian railroading. The final outcome of the section four is the SWOT matrix of LNG 


as an alternative fuel option in the Norwegian rail freight industry.  


Section five describes the concrete case study together with its alternative project and 


analyses the best methodological approach to investigate the economic advantage of LNG 


fuel in railroading. 


In section six the technical framework for analysis is provided.  


The results of empirical case study analysis are discussed and recommendations are 


given in the section seven. 


Finally, section eight presents the conclusions of the research.  
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2.0 BACKGROUND: THE LNG INDUSTRY 


The aim of this section is to overview the LNG industry both from global and 


Norwegian perspective. Also, to investigate what is the current utilization of LNG as a 


vehicle fuel both on the global scale and Norway. The collected background information is 


important since it gives a reader a broad picture about the current trends of LNG in the 


market and the reasons of it becoming a favourable fuel option in transportation. 


2.1 Worldwide 


2.1.1 Overview 


Global energy demand is increasing continuously by 2.3% in 2013, an acceleration 


over 2012 (+1.8%) (BP 2014). The average worldwide energy demand growth for the 10 


years was 2.5% annually (BP 2014) mainly due to emerging economies that require the 


biggest share of energy import. Oil is the world’s leading fuel, constituting 32.9% of 


global energy consumption in 2013; however, its share is gradually declining from 1990 


(BP 2014). Natural gas is, after coal, the third most important energy source making up 


23,7% of global energy consumption in 2013. The trade of natural gas is also gradually 


increasing – in 2013 it increased by 1.8% (BP 2014).  


One of the negative aspects of increasing demand of energy is CO2 emission that 


countries find very hard to mitigate. According to Kumar et al. (2011), global CO2 


emissions are forecasted to grow by close to 30% from 2005 to 2030, despite improved 


energy efficiency and growth in nuclear and renewable energies. 


As a result, more and more countries are searching for alternative fuels that would be 


cheap to produce and deliver, and the most importantly, with a minimal environmental 


impact. Natural gas is one of the main preferable option since it is widely available and 


renewable (if produced from bio-gas and bio-methane), emits lower amounts of GHG 


emissions compared with traditional fuels (Kumar et al. 2011).  


Within gas markets, LNG has potential as an energy source for power plants, heating 


and engines as well. LNG share in global gas trade was 31.4% in 2013, over the past three 


years constituting about 240 MT (IGU 2014a) (figure 1). From 1990 to 2013 the trade in 


LNG evolved from 55 million tones per annum (mtpa) to 240 mtpa representing an annual 


growth rate about 7.5% (Wood 2012). The reasons behind this growth are not only related 


with increasing energy demands, and development of LNG production and delivery 


technology but, also, due to increased spot trade and greater flexibility in the terms and 


conditions of long-term gas contracts which are the central in LNG trade industry (LNG 
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Industry 2014a). However, it is difficult to forecast trade development for LNG due to 


volatile regional LNG market conditions, competition from other sources of natural gas, 


emergence of new technologies, late development and start-up of some planned projects 


(Wood 2012). IEA organization (2013) predicts that global LNG trade is expected to grow 


by 31% during the mid-term time period 2012-2018 even though in 2012-2015 LNG 


market has been tight due to supply shortages and low utilization rate of regasification 


capacity.  


 


Figure 1: LNG Trade Volumes, 1990-2013 (Source: IGU 2014a, 7) 


Since 2008 the number of new importing countries increased by eleven; making up in 


total 29 countries spread across the world. Japan is the world’s largest LNG consumer 


followed by South Korea and China. IEA (2013) states that 70% of global LNG imports 


belong to Asia. This region clearly dominates in LNG trading operations. 


On the LNG supply side, currently there are 17 exporting countries with the main 


regions such as Asia Pacific (Brunei, Indonesia, Malaysia and Australia) (30% of total 


supply) and Middle East (Qatar – the world’s largest LNG supplier) (42% respectively) 


(IGU 2014a).  


Even though LNG market seems a very concentrated one, it won’t last a long time 


since the two big players are entering the game. Firstly, US is going to provide the world 


its low-cost and stable supplies of LNG after discovering abundant resources of shale gas. 


For example, in 2012 unconventional gas production reached 18% of global gas 


production with majority of these resources coming from North America (IEA 2013). 


Secondly, Australia is also planning to become a serious supplier of LNG after 2015. 


These processes will make the LNG market more geographically diversified and liquid, 


with substantially increased spot trade and market competition.  


Traditionally natural gas is used in power (40% of global gas demand), industrial 


(24%) and commercial sectors (22%) (IEA 2013). One of the recent trends in gas market is 
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the increasing share of demand for transportation sector. However, the use is very marginal 


– only 1.4% of total gas consumption in 2012 belonged to the transport sector. The 


consumption is expected to continue and reach 2.5% in 2018 (IEA 2013). 


Overall, it can be stated that natural gas is strongly increasing its role in global energy 


mix due to its environmental effectiveness, competitive price and abundant worldwide 


resources. One of its forms – LNG – is rapidly increasing its importance as well especially 


in transportation. The further section describes this trend in more detail. 


2.1.2 LNG in transportation 


The dominant fuel in transportation is oil and oil products: in road transport – diesel 


and gasoline; in marine sector – fuel oil; and in rail transport – diesel (if the line is not 


electrified). Meanwhile the use of LNG as a transportation fuel currently is marginal; 


nevertheless, it is believed to have good prospects in shipping and heavy trucking, and 


even in rail industry in some countries. The main reason is LNG price-competitiveness 


over oil based fuels, especially in US where the shale gas revolution has pushed down gas 


prices to record lows (Cedigaz 2014). Other drivers of LNG attractiveness are (IGU 2013): 


 Macroeconomics and trade. Increasing global trade stimulates the higher need 


for transportation, especially for shipping (90% of cargo delivered by ships). 


As a result, the need for green and cheap bunker fuel is vital leaving a huge 


opportunity for LNG.  


 Sulphur Emission Regulations restricting sulphur content in fuel to 0.1% from 


2015 in North America and North Europe. Here, the advantage of LNG is that 


it has almost no sulphur in its content and produces lower NOX emissions 


compared with fuel oil and marine diesel oil. 


 Government support. In Europe, the European Commission issued a new draft 


Directive in 2013 supporting a new infrastructure for alternative fuels (IGU 


2013). LNG is highlighted as a preferable fuel for marine and heavy-duty 


vehicles and requires European ports to be able to provide LNG bunker 


services.  


 Floating LNG technologies: both liquefaction and regasification (more indirect 


driver). These technologies substantially reduce the costs of the LNG value 


chain compared with building the long pipelines to the shore in certain regions 


(EIA 2014b). 
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In addition, LNG can provide energy diversification advantage in countries that are 


fully dependent on oil imports. 


Le Fevre (2014) states that globally natural gas accounted for around 2% of road 


transport fuel in 2012 and BP (2014) forecasts that this share might increase to 2.3% by 


2018. Together with marine sector the total gas demand should fluctuate around 2.5% by 


2018 and 4% by 2035 (BP 2014). China will contribute mostly to more than a half of this 


additional demand (IEA 2013). However, currently there is no global statistics indicating 


the exact share of LNG amount used in trucking and shipping sectors; just for natural gas 


in general.  


Analysing the growth of NGVs
3
 in the global market (figure 2), it can be seen that the 


number of NGVs was constantly growing from 1.3 million in 2000 to 16.2 million in 2012 


(IEA 2013). 


However, as IEA (2013) notes that gas is still a niche market in the road transport 


sector, as NGVs constitute only 1.5% of the total number of vehicles. Cedigaz (2014) adds 


that use of LNG will be largely limited to heavy-duty vehicles (not economical for light-


duty vehicles) and mainly will be driven by the difference between the price of diesel and 


that of LNG. 


 


Figure 2: Evolution of the numbers of NGVs, 2000-2012 (Source: IEA 2013, 50) 


Also, the above graph illustrates that the growth of NGVs was very region-specific. 


Pakistan, Iran, Argentina and Brazil – four countries - represented 61% of the total NGVs 


(9.8 million). While in Europe the share of NGVs is even smaller (just over 10% of total) 


and concentrated basically in two countries: Italy and Ukraine (Le Fevre 2014).  


                                                 
3
Natural gas vehicles in road transport. 
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Speaking about marine sector and LNG, Europe is the leader in running LNG-fuelled 


ships (IGU 2013). LNG bunkering business is especially noticeable in Norway and to a 


lower degree in Sweden. Also, countries such as Netherlands, Belgium, United Kingdom 


and France are also showing increasing interest in developing LNG fuelling capacity in 


their ports. Cedigaz (2014, 1) notes that the main trigger of this process is environmental 


legislation: “Compliance with the new emission limits will require either: to switch to 


cleaner but more expensive oil-based fuels, to implement costly exhaust gas treatment 


technologies, or to switch to LNG. Economic analysis taking into account all relevant 


factors shows LNG to be a very attractive solution when compared to other compliance 


solutions”. Since currently there are no SECAs in Asia, the incentives to switch to LNG 


fuelled ships are very low (IGU 2013). 


Finally, LNG application in rail industry is only on locomotives’ testing stage. 


Cedigaz (2014) claims that the potential for LNG will be restricted only to several 


countries with high levels of long haul freight and low level of penetration of electric 


powered traction in the freight sector.  


To sum up, currently the use of LNG in the transport sector is minimal. However, this 


also indicates the big growth potential as a fuel in both road transport (heavy-duty 


vehicles) and shipping (due to strict environmental regulations). Regarding the rail 


industry, it depends on many favourable external conditions such as developed long haul 


freight and minimal level of electrified lines. Finally, LNG technology development faces 


a number of challenges in every sector such as classical chicken and egg problem or too 


weak government support that slow down the progress of LNG fuel adoption.  


2.1.3 The LNG value chain 


Natural gas can be delivered either by pipelines or in liquid form on LNG carriers. 


The last transportation method requires natural gas to be cooled down to -162 °C reducing 


its volume by a factor of more than 600 in order to transport it overseas. Also, this delivery 


method is both efficient and safe since there is no probability of LNG spills on water. 


From LNG commercial start in 1960s there were already 50,000 shipments made on LNG 


carriers all over the world with no case of accident (Linde Group 2014). According to U.S. 


Department of Energy (2005), high delivery reliability, technology improvements in 


liquefaction efficiency and decrease of the LNG supply chain costs – opened a new 


business segment in natural gas industry.  
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The LNG value chain is constructed of the four main stages before the delivery it to 


the end-user (figure 3). Each stage is briefly described (Gas in Focus 2013): 


1. Exploration and production. In this stage specialists identify the potential areas 


of resources to start drilling operation. If the well is viable, it can go into 


production. 


2. Liquefaction. Before the conversion from gas to liquid, the extracted natural 


gas is filtered and purified (from water and other substances like carbon 


dioxide) in order to avoid damaging liquefying equipment. During liquefaction 


the natural gas is cooled to -162°C in the heat exchangers to produce LNG. 


Later it is kept in insulated tanks until it is ready to be loading on LNG 


carriers. Liquefaction costs are the major cost component in the whole supply 


chain. Today, Qatar is the largest liquefaction capacity holder (27% of the 


global total (IGU 2014)). The worldwide liquefaction capacity is expected to 


grow by 36% 2013-2018 period to reach 397 mtpa (in 2013 - 290 mtpa) (IGU 


2014). 


3. Shipping. At the end of 2012, 378 LNG tankers were operating in maritime 


sector with the coming new ones – 78 LNG tankers till 2016 (IEA 2013). The 


average transportation distance is expected to increase when the U.S. will start 


exporting LNG to Asia (IEA 2013). 


4. Storage & Regasification. The received LNG is unloaded into cryogenic 


storage tanks until regasification process. It is done under high pressures in 


order to return LNG into its gaseous form. In the final delivery step, the gas is 


transported by pipelines to customers for providing energy for heating houses, 


powering plants and other uses. Today, liquefaction plants and regasification 


terminals both can provide LNG bunkering facilities as well as ability to load 


LNG into specially designed trucks, rail cars for further transportation till the 


end point. According to IGU (2014), the global regasification capacity is 


expanding (currently: 688 mtpa in 2013) every year. Japan is the largest holder 


of import terminals, followed by US. 
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Figure 3: LNG Value Chain (Source: author adapted by U.S. Department of Energy 2005, 8) 


In the LNG transportation chain context, it is necessary to distinguish the small-scale 


LNG (SSLNG) business. Recently the SSLNG value chain is expanding all over the world 


covering the small-scale liquefaction and regasification facilities as plants with a capacity 


under 1 mtpa (IGU 2014). SSLNG is principally the same as before described 


conventional LNG value chain with one difference – the amounts of LNG transported are 


much smaller compared with the usual chain. There are two basic categories of SSLNG – 


wholesale and retail.  


Retail LNG is the small-scale consumption of LNG in end-user applications, such as 


power generation or transport activities (IGU 2014a). This kind of chains is usually 


oriented to end-user needs. With the growing role of LNG as a vehicle fuel, the 


liquefaction plants in SSLNG value chains are getting increasing attention primarily in 


China and US. According to IGU (2014a), Norway has both liquefaction and regasification 


terminals. The need for SSLNG in Norway is mainly driven by a lack of pipe gas 


infrastructure in areas with difficult terrain; and due to government support (NOx funds) 


for LNG investments in shipping. 


To sum up, each stage in LNG transportation chain requires capital-intensive projects, 


time and a lot of investments into infrastructure. Therefore, investors must be sure about 


positive ROI of the particular project. As a result, long-term contracts where the risk is 


allocated among the participants (sellers and buyers) in the supply chain are dominant in 


LNG markets. Such contracts reduce the flexibility of the market but at the same time it 


helps for it to move on. In fact, growing capacity of liquefaction and regasification 


terminals as well as increasing order book of LNG carriers in the world demonstrates the 


positive market expectations towards liberalizing LNG industry.  
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2.1.4 LNG measurement and pricing systems 


Natural gas is sold by energy content and not per unit of volume and globally is 


expressed and measured in British Thermal Units (Btu) (Baumgart and Olsen 2010). Btu 


measures the heat energy, which is released when a unit volume of gas is burned 


(Baumgart and Olsen 2010). 


Regarding LNG, the standard method of measurement is, also, based on the form of 


energy transferred e.g. from production facilities into LNG carrier (Helminski 2014). 


As previously was mentioned, the gas markets are not liquid (shortage of supplies) 


and are largely based on the long-term contracts in which the agreed amounts of natural 


gas are sold for fixed prices. However, rapidly increasing supplies of natural gas and 


relatively low prices compared with crude oil might strongly influence the growing 


liberalization of the gas market (an increasing share of short term contracts). As a result, 


the changing LNG industry will require new business models and commercial 


arrangements to be executed in order successfully compete with traditional fuels (Norton 


Rose Fulbright 2014). 


There are mainly two types of natural gas pricing systems in the international markets: 


oil-indexed pricing and gas-on-gas based pricing (EIA 2014b). Under the first pricing 


system, natural gas prices are linked with oil market spot prices which change in response 


to oil supply and demand (EIA 2014b). Under gas-on-gas pricing framework, the price of 


natural gas is indexed to competitively determined gas market spot prices, which change in 


response to natural gas supply and demand (EIA 2014b).  


United States use gas-on-gas based pricing (Henry-Hub system) while in Europe the 


dominant is oil-indexed pricing. However, as EIA (2014b) notes the gas-on-gas system is 


expanding in Europe as well: from 6% of trades in 2005 to 33% of trades in 2010. The 


main reference system for spot price in Europe is Heren Index (British National Balancing 


Point, NBP). In the Asia-Pacific region, the dominant pricing system is oil-indexation 


(Japan/Korea Spot (JKS)). 


The price for natural gas can differ very much depending on a region: from low prices 


due to present oversupply in US market, to a fluctuating market in Europe and higher 


prices in the Asian markets due to a scarcer supply of LNG (Norton Rose Fulbright 2014). 


A more detail attention to current and future natural gas prices is provided in literature 


review part. 
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2.2 Norway 


2.2.1 Overview 


Norway is the biggest producer of crude oil in Europe, the world’s 3
rd


 largest natural 


gas exporter after Russia and Qatar and an important supplier of both oil and natural gas in 


European market (EIA 2014c). Also, Norway has the largest proven natural gas reserves in 


Europe (74 Tcf in 2014) (EIA 2014c). 


The country exports almost all natural gas it produces per year. For instance, in 2013 


Norway produced 3.97 Tcf of dry natural gas while exported 3.8 Tcf (96% of total 


production) to European markets (United Kingdom, Germany, France, the Netherlands and 


other countries) mainly through pipelines and a small share via LNG tankers (figure 4) 


(EIA 2014c). 


 


Figure 4: Norway dry natural gas production and consumption, 1992-2013 (Source: EIA 2014c) 


According to Norwegian Statistics Database (2014), 73% of total domestic use of 


natural gas belonged to petroleum and natural gas production industries, primarily 


offshore, while only 9% (or 506 million Sm3) of natural gas was used for net domestic 


consumption (fishing and agriculture, household, services, and manufacturing sectors) in 


2013. Even though, the importance of natural gas as a fuel alternative has increased in 


Norway, still the total share of net domestic consumption of natural gas as a motor fuel 


constituted only 25% (121 million Sm3 – mainly water transport in LNG form) in 2013 


based on the estimates of Norwegian Statistics Database (2014). Having in mind that 


Norway has the biggest natural gas reserves in Europe, the domestic use of natural gas for 


transportation is very low.  


Regarding LNG production, Norway started producing and exporting it in 2007 when 


the commercial production of Snøhvit gas field was opened. Norway possess the Melkøya 


facility (close to Hammerfest), the first-large scale LNG export terminal in Europe, which 


is connected by pipeline with the Snøhvit gas field (EIA 2014c).  







 14 


Within Norwegian natural gas markets the LNG production is very limited – the share 


of total gas production was only 4.0% in 2013 and practically all produced LNG was 


exported (4.0%) to European and Eurasian markets (Norwegian Petroleum Directorate 


2014) leaving a small share for the domestic fuelling of manufacturing and water transport 


sectors. From another point of view, this indicates that Norway has a big potential in 


developing LNG industry inside the country and, especially, exploiting the possibility to 


use its own produced LNG in the transport sector.  


2.2.2 LNG in transportation 


As previously mentioned, Norway is the pioneer and current leader in using LNG to 


power ships (e.g. ferries, offshore vessels). Meantime road and rail transport are still 


waiting for their turn to be assessed whether it is worth investing into LNG-technology or 


not. 


Today Norway owns 42 fully operating LNG vessels. Globally plus 39 ships are 


confirmed to be brought into the market by 2017 where around 20 are Norwegian owned 


(Graugaard 2013). In general, the Norwegian experience in using LNG fuel for ships is 


successful: significantly reduced emissions and bunker price. Therefore, no wonder that 


with additional government support (through NOX fund) LNG demand in Norwegian 


shipping market has increased.  


Regarding the road sector, a situation is different. Currently there are no LNG fuelling 


stations for trucks, and only CNG is used for some vehicles like public busses in 


Trondheim, Bergen, Oslo and Haugesund. Also, Norway’s government is supporting much 


more hybrid and electric passenger vehicles than natural gas fuelled automobiles. In 


heavy-duty trucks’ market use of natural gas, especially LNG is at the stage zero. 


According to Velazquez (2014), suppliers of heavy duty-trucks such as Trucknor and 


Scania stated that they are not too much interested in LNG technology because of the lack 


of motivation from customers’ side, non-existent supply infrastructure and higher focus on 


CNG and biogas but not on LNG. 


Finally, the future of LNG in the Norwegian rail sector is also not clear. Most of the 


lines are already electrified, and regarding the possibility switching from diesel to LNG on 


non-electrified lines requires a deep research assessing the economic and social benefits of 


the project in order to move into testing stage of LNG-locomotives.  


Overall, even though the natural gas in LNG or CNG form currently is used in very 


limited amounts in Norwegian transport market, still the expectations of GasNor to 
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increase the competitiveness on natural gas (as well as LNG) are optimistic. Velazquez 


(2014) states that it is expected that the Norwegian government will follow the proposed 


EU directive, Clean Power for Transport, seeking to promote use of alternative fuels and 


decrease the dependency of oil in transport sector. If Norway signs the directive, the 


government will be obliged to provide the infrastructure that can supply ships and heavy-


duty trucks with LNG and/or CNG along the main traffic corridors in country. GasNor
4
 


(quoted in Velazquez 2014, 33) is especially promoting use of natural gas due to these 


reasons: 


 Cost competitive fuel which can lower operation costs; 


 Clean burning fuel which can lower maintenance costs; 


 Proven and reliable LNG-technology and availability improvement; 


 Natural gas meets present and future environmental regulations. 


Therefore, it can be stated, that even though the development of LNG as a fuel in the 


Norwegian transportation is just in the beginning stage, the idea itself has already received 


a lot of interest from country’s government and related companies from transport sector 


(e.g. Jernbaneverket). Given the positive results of carried studies about LNG fuel 


economy and a big support from government and transport sector’s companies willing to 


invest into new generation transport vehicles, it can be expected that the development of 


the LNG industry would accelerate much faster making Norway the European leader in 


using LNG in transportation. This would strengthen the country’s reputation in the 


international markets even more as well as would give further push for other European 


countries to develop LNG infrastructure in their countries by purchasing fuel, equipment 


and expertise from Norway.  


 


To sum up the background about both natural gas and LNG importance in global energy 


mix, it can be stated that the value of these energy sources is expected to grow in the close 


future both worldwide and in Norway. In terms of LNG application as a vehicle fuel, the 


use is very marginal since still a lot of constraints exist slowing down the development of 


the LNG industry in the global transport market (e.g. lack of supplying infrastructure, 


governmental regulations and support). Currently, LNG has been successfully tried in road 


and shipping sectors. LNG application in road sector is the most extended in Asia, while 


LNG in shipping sector is the most developed in Norway. Regarding the rail sector, LNG 


                                                 
4
GasNor – it is Norway’s leading downstream natural gas company, with an extensive pipeline network, 


some CNG distribution and LNG distribution from three separate production plants 
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is expected to increase the share in the global fuel mix as well; however with a very 


minimal impact on the worldwide energy structure. Also, LNG is expected to be much 


more competitive in the road and shipping sector compared with the rail sector due to 


various reasons. For instance, its development must satisfy a lot of criteria with the main 


one: a big distance and not electrified long-haul railway lines in the region. According to 


Cedigaz (2014) this condition was found just in several countries (e.g. USA, India).  
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3.0 RESEARCH FRAMEWORK 


3.1 Research problem 
The research area of the thesis is LNG as a freight locomotive fuel in Norway. 


Currently most of the railway lines are electrified; however, there still exist several lines in 


which trains are run by diesel. In such lines LNG is considered as a potential alternative to 


diesel that might be successfully implemented as it was done in Norwegian shipping 


sector. The main drawback is that there is little knowledge about the LNG technology in 


the rail sector (no profound studies have been carried out) both in scientific literature or 


business sector; therefore, the process is just in the idea stage leading to a lot of unknown 


factors about this technology. 


Currently, some companies (e.g. MTU, Vis Systems) can already come with the 


technical solutions for dual fuel engines for new generation locomotives; however, it is not 


enough to speed the LNG implementation process. It can be assumed that the expected 


problem in the market is that freight companies would invest into new locomotives only 


with two conditions: (1) the stable LNG supply has to be assured meaning both enough 


supplies of LNG and the existing infrastructure; (2) a regulatory environment supporting a 


switch to LNG fuels has to be built. In turn, another company would invest more into LNG 


supply infrastructure only if it would be sure that freight companies would purchase LNG-


fuelled locomotives. The most critical issue for both sides is favourable LNG price 


compared with diesel as it strongly influences the project’s repayment ratio. In addition, 


the government’s commitment in establishing supportive regulatory environment and 


incentives programs is necessary in order to make the project work both from legal and 


economical perspective. EU financial support is also vital since the total investments into 


refuelling infrastructure and locomotives might be upfront and huge. 


As a result, every player (rail operator and fuel distributor) in the game contains a 


high risk about their return on investments as well as a high level of uncertainty about a lot 


of issues surrounding the LNG technology (its economy, environmental performance, 


technology aspects, and etc.). However, this information failure existing in the current 


Norwegian rail market could be minimized by implementing the right governmental policy 


that would incentivize market to move toward more environmentally friendly transport 


fuel if the research would show positive results. The current situation regarding the LNG 


technology is depicted in the appendix 1.  


Overall, the research problem of the thesis can be formulated in the following way: 
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1. There is a low competence about LNG technology in the rail industry both in 


academic and business society. 


2. There is no clear indication about the economic advantage of using LNG for rail 


transport compared to diesel.  


Subsequently, the research problem reveals the main aim of the research: 


1. To investigate the economic advantage of using LNG as a fuel to power the railway 


locomotives.  


2. To provide recommendations for Norwegian Railway Authority and Nordland 


County Council regarding the feasibility of switching to LNG-fuelled locomotives 


on the Nordland Line based on the findings of scientific literature and empirical 


analysis.  


To fulfil the purpose of research the following research questions can be formulated: 


RQ1. Why is LNG considered as a possible fuel alternative in the rail transportation 


industry?  


RQ1.1. What are the LNG advantages and disadvantages over other forms of fuel 


used in transportation based on existing LNG use practises? 


RQ1.2. What are the main incentives to switch to LNG in the Norwegian rail 


freight industry? 


RQ1.3. What are the possible drawbacks of using LNG in Norwegian rail freight?  


Answering the above questions would help to clarify the LNG potential and the main 


obstacles of being implemented in Norwegian railroading. Also, a big attention would be 


delivered to economical and environmental efficiency of using LNG in all transport 


segments. 


The next logical step would be to evaluate LNG from a financial point of view in a 


Norwegian rail setting. To explore this, the following research questions could be 


formulated: 


RQ2. Are there any financial advantages related to the use of LNG fuel compared 


with diesel fuel in Norwegian rail freight? 


RQ2.1. What is the logistics scenario of supplying LNG to freight trains on the 


Nordland Line? 


RQ2.2. What is the difference between transportation cost per unit using diesel or 


LNG fuel? 


To include impacts on society, monetized environmental impacts of the two fuel 


alternatives should be evaluated. This is done through the next set of research questions: 
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RQ3. Could a switch towards LNG as a fuel on non-electrified railways in Norway be 


justified: 


RQ3.1. Which are the relevant environmental impacts of diesel and LNG 


locomotives? 


RQ3.2. What is the difference in Net Present Values of diesel and LNG 


propulsion on the Nordland Line? 


It is important to notice that the answers given will be preliminary ones, since it is 


impossible to assess the values precisely in future market price. Therefore, a sensitivity 


analysis will be performed in order to analyse the different possible scenarios for 


implementing LNG in trains. 


RQ4. What are the final recommendations for Jernbaneverket and Nordland County 


Council regarding the feasibility of switching to LNG-powered locomotives on the 


Nordland Line? 


Recommendations will be based on a synthesis of findings in the scientific literature 


and results of an empirical analysis. 


Finally, the unit of analysis in research is LNG as a fuel for freight rail transport in 


Norway.  


3.2 Research Methodology 


3.2.1 Case study as a research method 


The defined research aim and questions naturally direct to the research design option. 


According to Yin (2014): “In the most elementary sense, the design is the logical sequence 


that connects the empirical data to a study’s initial research questions and, ultimately, to its 


conclusions”. In this thesis the logic connecting research questions with collected 


empirical evidence is a single case study method. The reasons for choosing this method are 


explained below. 


According to Yin (2014) the case study as a research method is the most suitable 


under these conditions: (1) when the main research questions are “how” and “why”; (2) a 


researcher has little or no control over behavioural events; (3) the focus of study is 


contemporary phenomenon; (4) the boundaries between phenomenon and context are not 


strongly distinct. According to Ellram (1996, 98): “In exploratory research, the issue could 


be how or why is something being done? A case study methodology would be desirable in 


those circumstances because it provides depth and insight into a little known 


phenomenon.” LNG in the rail freight industry is the new and complex phenomenon not 
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only in Norway but also in the global rail industry with no clear outcomes. Also, this 


phenomenon could not be analysed without the context that helps significantly understand 


the little known issue. Therefore, a single case study method is selected with the main 


purpose to investigate the economic advantage of the LNG technology and provide 


recommendations for Norwegian Railway Authority and Nordland County Council.  


Another important issue is to emphasize what kind of data is used: qualitative or 


quantitative. According to Cooper and Schindler (2008, quoted in Beermann 2014, 6), the 


quantitative research method is the most suitable for testing the theories, trying to find out 


what and how often the research object is occurring. The statistical data is usually used in 


this type of analysis. In contrast, qualitative research is based not on quantitative data but 


on qualitative (scientists’ research, experts’ opinions, surveys, direct monitoring, etc.) 


information. Here, the researcher seeks to understand the situation, the motives, the 


relationships or social interactions of the analysed object (Ellram 1996). According to 


Cooper and Schindler (2008, quoted in Beermann 2014, 6), qualitative research allows for 


an in-depth understanding of a situation and based on the findings to guide for the right 


recommendations. The research performed in this thesis could be regarded more as a 


qualitative than quantitative research as it explores LNG intervention into rail freight 


industry in Norway not only describing the context, possible opportunities and threats but 


also aims to give the recommendations for the company. However, in order to better 


understand the situation about the LNG technology in railroading the numerical data is 


used as well. This tactic should strengthen the quality of recommendations as the issue is 


observed from different perspectives (findings in scientific literature/reports) and empirical 


calculations about the economy of LNG.  


Finally, it is necessary to mention two things: (1) the role of the theory (section 4) is 


to support or contrast the findings resulted from empirical part but not to help in 


generalizing from case study to theory; (2) the analytic generalization
5
 is not performed in 


the research since all empirical findings from such a case study have limited validity 


within the case study only. 


The case study itself is described in section five as well as its best chosen technique 


for empirical data analysis and the criteria helping to decide about the potential of LNG as 


a freight locomotive fuel in Norway. Also, it is important to overview these issues before 


                                                 
5
Analytic generalization – concept offered by Yin (2014) when case study findings can be generalized in 


other situations leading to the theory building from concrete case. 
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starting the research: structure of the analysis, data collection and validity and reliability of 


data, in the following sub-sections.  


3.2.2 Research process 


The analytic research starts with identifying the research area and research problem 


that needs to be solved. When this is done together with defining research aim, questions, 


unit of analysis, and research methodology – the plan must be set. It shows the researcher’s 


step-by-step structure of analysis that guides him from the research problem to the final 


part – recommendations. The research process of the thesis is demonstrated in the 


following figure: 


 


Figure 5: Structure of research (Source: own display) 


According to Eisenhardt and Graebner (2007), sound empirical research starts with 


strong grounding in related literature. Yin (2012) claims that a case study that starts with 


building relevant theory makes it easier to be implemented, especially if the researcher has 


little knowledge in the research field. In the thesis, the theoretical ground addresses the 


first research question (Why is LNG considered as a possible fuel alternative in the rail 


transportation industry?) with intention to understand this phenomenon by analysing the 
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current existing knowledge in academic and business society. Further, the case study is 


described and the most appropriate empirical research method is chosen. After conducting 


the case study analysis, the results are presented and discussed. Finally, revising the 


findings in literature review together with the results of empirical analysis, 


recommendations are derived for Jernbaneverket and Nordland County Council regarding 


the LNG technology in Norwegian railroading.  


3.2.3 Data collection 


Data collection is the vital step for the research determining its quality and 


information richness on the issue. In the thesis, both type – primary and secondary – data 


sources are used.  


Secondary data sources are used to build the theoretical basis for LNG as an 


alternative fuel in transport segment. The sources include: 


 Scientific literature (databases such as Science Direct and Proquest); 


 Reports issued by US and European public organizations; 


 Reports issued by private research consultancy (e.g. Energy Aspects Ltd). 


 Specialised Rail Journals. 


 Other web-pages. 


Primary data is necessary for conducting empirical analysis to estimate the LNG 


potential in railroading. The author received preliminary operating cost structure for diesel 


locomotives from Jernbaneverket. Hubert, CEO of VIS Systems, gave the possible price 


for LNG locomotives and fuel tenders in European market. In case of lacking data about 


LNG locomotives the assumptions as close as possible to reality were made.  


3.2.4 Validity and reliability 


According to Yin (2012), the case study research should not be based only on one 


data source since it would be difficult to rely on the case’s study findings. The best tactic is 


to use multiple data sources in order to ensure data validity and reliability. It is called 


triangulation tactic (Yin 2012). In this research several independent data sources are used 


such as qualitative data: findings in scientific literature and related reports, and direct 


numerical data from the company. Also, in order to make assumptions about the LNG 


technology in railroading as close as possible to reality, the consulting with VIS Systems 


expert is done. The mentioned sources of data should help to ensure the reliability and 


validity of research.  
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4.0 LITERATURE REVIEW: LNG AS A FUEL ALTERNATIVE 


LNG as an alternative fuel compared with traditional fuels is a new research topic 


among scientists. There are a number of studies regarding LNG transportation, distribution 


and storing issues as well as general overview about LNG trade statistics; however, there is 


little research done on comparing LNG with other fuel options, especially in rail sector, 


emphasizing its advantages and disadvantages. 


LNG fuel can be analysed from different angles. It can be breakdown by perspective 


such as environmental (Arteconi and Polonara 2013), safety (Siu et al. 1998), physical 


(Kumar et. al. 2011) or other aspect depending on the purpose of the article; or, the 


analysis can be done in the concrete transport sector: road, shipping or rail, comparing 


with other fuel alternatives. Also, several researchers (Kumar et al. 2011; Le Fevre 2014) 


compare either LNG vs. CNG (if natural gas is decided to be used to fuel the transport 


vehicle), or natural gas vs. other type of fuel, since there is no such thing as LNG- or 


CNG- engine; the difference between them is related with the way the fuel is stored and 


supplied to the engine. At the end, both fuels are changed back to gaseous form in order to 


power the vehicle (Westport 2013). 


In this research LNG as a fuel option is analysed from different perspectives (safety, 


environmental, and etc.) in some cases discussing the findings in both road and marine 


transport sectors. Finally, several findings about LNG usage in rail sector as well as related 


challenges are overviewed followed by summarization in the SWOT matrix in the 


Norwegian rail freight industry. 


4.1 Physical aspects 
According to EIA (2013), factors such as energy density, cost, weight and size of on-


board energy storing are important when deciding which fuel to choose. Fuels that need 


large, heavy and expensive storage can reduce the space available to convey people and 


freight, weigh down a vehicle or make it too costly to operate, even after taking account of 


cheaper fuels (EIA 2013). The graph below shows that in comparison with diesel and 


gasoline, other fuel choices may have higher energy content per unit weight, but none have 


more energy per unit volume (EIA 2013). 
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Figure 6: Energy density comparison of several transportation fuels (indexed to gasoline = 1) 


(Source: EIA 2013) 


Natural gas, either CNG or LNG, is lighter than gasoline or diesel but have lower 


energy content (diesel ≈128,700 Btu/gallon; LNG 75,000 Btu/gallon) leading to the need 


to have a bigger and heavier storage tank in vehicle in order to go the same distance. Le 


Fevre (2014) confirms this stating that one litre of diesel fuel has the same energy as 1.7 


litres of LNG. Overall, LNG- and CNG- both add weight and space requirements 


compared to oil-based fuels; however, in general they are considered as much cleaner 


energy sources than their counterparts (see: environmental aspects).  


When comparing CNG and LNG, the matter is more about the type of vehicle 


analysed, but not the fuel itself since both have their advantages and disadvantages. The 


main advantage of LNG over CNG is much lower space requirement (LNG is 600 times 


less than the same amount of natural gas while CNG is only 1% less of its original volume 


(Kumar et al. 2011)). This gives LNG a cost advantage in transporting it in big volumes 


and large distances compared with CNG. Another strength of LNG is higher energy 


density over CNG (435 Kg/m
3
 compared with 175 Kg/m


3
) meaning that for a given 


capacity fuel tank, an LNG-fuelled vehicle can travel up to 2.4 times the distance of CNG 


counterpart, or in other words, LNG-fuelled vehicle needs 2.4 time smaller fuel tank 


capacity than CNG- vehicle for a given vehicle range (Kumar et al. 2011). Blomerus 


(2013) states that the LNG refilling speed is the same as diesel fuel since LNG is a fluid 


that can be pumped with a high fuel flow rate. However, as J.B. Hunt Transport Company 


(2014) notices, LNG is more expensive than CNG due to the cost to convert and transport 


the natural gas in a liquid form.  
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Finally, Westport (2013) states that CNG is a good option for medium duty 


applications < 300 miles per fill; whereas, LNG is the most suitable for heavy-haul 


transport with long driving range requirements, especially for the fleet vehicles that are in 


constant operation and need to be refilled quickly. 


4.2 Safety aspects 
The first priority in the LNG industry is safety and security in all fuel delivery stages. 


According to Foss (2012), LNG has been safely handled for many years without any major 


incidents in the industry. This is related with both fuel characteristics and a high 


consideration about security and planning in the LNG industry. 


Firstly, LNG is a nontoxic, odourless, noncorrosive and no carcinogenic fuel (Kumar 


et al.2011). It is not stored under pressure and is not explosive. According to Consumer 


Energy Centre, LNG vapour will only explode in an enclosed space within the flammable 


range of 5-15%. The Centre also confirms that LNG is not flammable since in the contact 


with air LNG vaporizes leaving no footprint on the environment. Moreover, there are 


various safety regulations and procedures under each delivery stage of LNG: for LNG 


carriers import and export terminals, and final delivery and use for customers’ transport 


vehicles. 


According to Siu et al. (1998) report made on qualitative risk assessment for LNG 


refuelling station, LNG fuel is safer than propane or gasoline; however, its use still 


contains some risk. LNG is a cryogenic fuel, so there is the risk associated with skin or eye 


burns on contact. However, during the interviews with refuelling/maintenance facilities, 


none of them have experienced a major LNG accident. All of them have established 


special training and procedures for safe practices in order to avoid the accidents.  Overall, 


LNG can be regarded as a much safer fuel compared with other alternatives as long as its 


production/delivery and use is held under strict standards of safety.  


4.3 Commercial aspects 
Currently LNG usage for transport is marginal with relatively low developed 


infrastructure, especially in downstream LNG supply chain (from regasification terminal 


up to final-end users) in many countries, including Norway. This implies that even though 


Norway has abundant natural gas resources and LNG production facility, LNG supply and 


distribution is poorly developed making LNG less attractive than diesel from commercial 


point of view. According to Johnson (2013), diesel technology is proven technology: 


durable, safe, with higher fuel economy per diesel gallon equivalent (DGE) than natural 
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gas. Also, there already exists a nationwide diesel fuelling infrastructure and commercial 


practise. Finally, ultra low sulphur diesel burning engines currently are replacing older 


diesel engine technology with extended operating range between refuelling (Johnson 


2013). However, as author Johnson (2013) mentions in some countries LNG technology 


might be more preferable choice for heavy trucking than diesel; however, it strongly 


depends on the development rate of LNG refuelling infrastructure. And the latter factor is 


significantly influenced by the final demand in the market.   


Overall, the diesel technology is more commercially attractive than the LNG 


technology in terms of existing infrastructure, supply and contracting practise in the 


market, established regulations and introduced more environmentally friendly diesel 


engines; therefore, diesel should not be underestimated when considering LNG as a fuel 


choice. 


4.4 Environmental aspects 
One of the main advantages of LNG is the environmental effectiveness compared 


with traditional oil-based fuels. This is important advantage because transport sector 


represents the biggest share on the global balance of GHG emissions (Arteconi and 


Polonara 2013). For instance, in EU-27 the GHG emissions due to transport sector 


constituted around 20% of total emissions in 2009 (Arteconi and Polonara 2013).  


In European policies one of the possible measures to reduce the environmental 


footprint of transport operations is to substitute conventional fuel with cleaner alternative 


fuels such as natural gas (The European Union’s Green Paper 2001, quoted in Arteconi 


and Polonara 2013). The latter energy source is emphasized due to its availability to use at 


a competitive price, using technologies already existing in the global market. Yeh (2007) 


also adds the diversification advantage of natural gas that is highly important for countries 


dependent on oil imports (China, Japan, South Korea). Finally, Cheenkachorn et al. (2013) 


see the advantage of LNG in reduction of GHG emissions and its renewability through the 


biomass production processes. 


There is a lot of research done on LNG as a fuel environmental effectiveness in both 


sectors – road and marine even though LNG has been used a relatively short period of 


time. In such researches, the environmental impact of LNG is analysed either in the final 


fuel consumption stage (regarded as tailpipe emissions) or taking into account all 


emissions produced from the beginning – feedstock recovery and transport – till final fuel 
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use by transport vehicle. The latter estimation is done by life cycle analysis that aims to 


assess potential impacts of a product over its full life cycle (Yan and Crookes 2009).  


In this section LNG life cycle emissions (as well as tailpipe emissions) are 


overviewed in comparison with other competitive fuels in both road and marine sector.  


4.4.1 Road transport 


According to US Alternative Fuels Data Centre, natural gas is a low-carbon, clean 


burning fuel allowing a significant reduction of hydrocarbon, carbon monoxide, oxides of 


nitrogen, and greenhouse gas emissions.  


Argonne National Laboratory’s based on the GREET model evaluated the life cycle 


petroleum use and GHG emissions of light duty-vehicles running on CNG and LNG. The 


result showed natural gas emits 6% to 11% lower levels of GHGs than gasoline throughout 


the fuel life cycle (quoted in US Alternative Fuels Data Centre). In comparison LNG and 


CNG, GHG emissions were nearly identical; however, LNG had slightly higher records 


since the fuel in general requires more petroleum to process than CNG. 


Arteconi et al. (2010) studied the GHG emissions throughout the life cycle of the fuels 


– diesel and LNG – used for heavy-duty vehicles in the European contingent. They 


focused on two LNG supply scenarios: purchasing it directly from the regasification 


terminal (LNG-TER) or producing LNG locally with small scale-plants (LNG-SSL). 


Authors distinguished three main stages over the fuels life cycle in which the GHGs 


contribution is the biggest: 


 Production. It includes fuel extraction, transportation and processing in 


refinery (diesel) or liquefying in the terminal (LNG); 


 Distribution, which includes all processes needed to handle this fuel from the 


departure from production facility till the consumption by vehicle; 


 Combustion stage.  


The results are shown in table 1 where the fuel performance is expressed in terms of 


per-kilometre emissions.  


Table 1: Life-cycle emissions, in total and by category of the cycles analysed 


 Production Distribution Combustion Diesel pilot Total emission 


 kg CO2-


eq/kmtruck 


kg CO2-


eq/kmtruck 


kg CO2-


eq/kmtruck 


kg CO2-


eq/kmtruck 


kg CO2-


eq/kmtruck 


DIESEL 0.2003 0.0208 1.6353 - 1.8563 


LNG-TER 0.1600 0.0879 1.4013 0.0150 1.6642 


LNG-SSL 0.3887 0.0006 1.4013 0.0150 1.8055 


Source: Arteconi et al. 2010a, p. 2011. 
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The highest amount of GHGs was produced in the combustion phase for all scenarios. 


In comparison LNG and diesel, the LNG-TER scenario was superior offering a 10% 


reduction in GHGs compared with other cases, whereas the emissions resulting from the 


LNG-SSL scenario were similar to diesel option (Arteconi et al. 2010). The reason is 


related with lower efficiency of small-scale liquefaction plant that added a higher portion 


of GHGs compared with diesel. However, as authors mention, improving the liquefaction 


processes the results of LNG could be much greater and reasonably different compared 


with current situation.  


In another study done by Arteconi and Polonara (2013), authors underlined the 


positive and negative aspects related to LNG as a motor fuel. Firstly, they identified the 


biggest bottleneck in the LNG value chain (in road transport) – lack of refuelling 


infrastructure to enable proper LNG supply and distribution flow at least in Italy. Also, the 


lack of national regulations and standards in the field stays as a real threat for possible 


investors willing to invest into LNG-technology. From another side, in authors’ opinion, 


LNG is an environmentally friendly fuel with the highest potential for heavy-duty vehicles 


due to reduced on-board weight and space requirements. Finally, researchers claim that the 


most critical part for the introduction of a new fuel is its economy (price difference 


between LNG and diesel/gasoline) together with developed infrastructure but not 


environmental aspects. However, this might be true in Italy’s road transport but not 


necessarily in countries that suffer from high levels of pollution in cities (smog problems) 


such as China, Pakistan or Brazil. Those countries seek to implement LNG for trucks due 


to both price competitiveness and environmental effectiveness.  


The researchers Ou and Zhang (2013) also evaluated life cycle GHG emissions for 


natural gas based on alternative vehicle fuels in China. The emissions were calculated 


based on Tsinghua life cycle analysis model – specially designed instrument to analyse 


vehicle fuels in China. In this study the GHG emissions were expressed on an energy basis 


(as the mass of emissions per unit of energy – g/MJ). They found that due to a lower 


carbon content CNG- and LNG-fuelled vehicles emit 10-20% and 5-10% less GHGs than 


gasoline- and diesel-fuelled vehicles, respectively. Moreover, GHGs’ results strongly 


depended on LNG supply route. It was found that the highest amount of emitted GHG 


emissions belonged to the scenario where LNG was liquefied locally.  


Another profound research on life-cycle emissions of greenhouse gases was done by 


Beer et al. (2002). They analysed Australian heavy-duty vehicles using alternative fuels 


such as CNG, LPG, LNG, Ethanol, Biodiesel, Low Sulphur Diesel (LSD) and ultra-low 
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sulphur diesel (ULS). The researchers claim that renewable fuels, biodiesel and ethanol 


have the lowest exbodied GHG emissions (in g/km) while LNG appears to have the 


highest life-cycle greenhouse gas emissions of all the fuels that were considered. This is 


because of extra energy required to liquefy and cool LNG. The similar finding was 


formulated in the report produced by California Air Resources Board (2008, quoted in 


Arteconi et al. 2010) where the GHGs derived from natural gas versus diesel vehicles were 


examined in the Californian setting. The study underlined that any reduction of GHGs 


based on natural gas fuels depends on the way and the processes that the gas undergoes 


during its life cycle, and the vehicle used itself (light- or heavy-duty vehicle). Only in the 


scenario where LNG was shipped to California and used directly in its liquid state offered 


a minimal advantage in terms of GHGs compared with diesel whereas the scenarios with 


double liquefaction processes had no advantage at all.  


Summarizing various findings among researchers, it can be stated that the significant 


variability of the results of LNG environmental effectiveness exist. The reasons can be 


various: difference in available data, assumptions, LNG procurement scenarios and etc. 


Therefore, it is difficult directly to compare the studies. However, in general it can be said 


that life cycle GHGs strongly depend on its supply scenario (LNG produced locally has 


higher emissions than LNG shipped and consumed at the place). Also, life cycle GHGs 


produced by LNG can be lower about 5-10% compared with diesel however not in all 


cases.  


4.4.2 Marine transport 


LNG environmental effectiveness was recognized and supported much strongly by 


academic and business representatives in marine segment than in road sector. Researchers 


(Acciaro 2014, Burel et al. 2013, Adamchak 2013), private companies (e.g. Det Norske 


Veritas, Baltic Transport Journal) and European Commission agree that today LNG is the 


answer to the strict environmental regulations imposed by International Maritime 


Organization (IMO) at least in the medium term. Ship owners operating in ECA territories 


have to comply with 0.1% SOX emission control from 1 January 2015. In addition, the 


stricter control will be put also on NOX emissions – the ship builders have to reduce them 


to 80% by 2016 (this is valid only for Tier III engine standards in ECA zones) (Burel et al. 


2013). In 2020, the sulphur will have to be reduced up to 0.5% globally making LNG 


attractive not only within ECA territories but worldwide as well. According to Semolinos 


et al. (2013), European Commission has issued a new draft Directive in which LNG is 
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regarded as a preferred fuel for marine and heavy-duty transport and requires all European 


seaports to be able to provide LNG bunker services. Clearly, the stringent environmental 


regulations are the main reason of faster LNG penetration in marine market at least within 


ECA zones compared with other transport sectors. 


In order to comply with new ECA regulations there are three main options: to switch 


to higher-quality fuels, low in sulphur content (referred to as distillates); to use exhaust gas 


cleaning systems (maritime scrubbers), or to choose LNG (Acciaro 2014). There is much 


research done on the consideration about each alternative finally coming up with the most 


favourable option – LNG alternative. Authors (Burel et al. 2013; Acciaro 2014) agree that 


LNG can offer substantial reduction in NOX (by 80%-85%), SOX (100%), PM (100%) and 


CO2 (20%-30%) emissions from ships and even decrease the operational costs by 35% 


compared with conventional fuel (HFOs). According to Baltic Transport Journal (2011), 


LNG is the most environmentally friendly type of fuel in terms of all main air pollutants 


(figure 7). 


 


Figure 7: Emission for alternative marine fuel concepts (Source: Baltic Transport Journal 2011, 


quoted in Beermann 2014, 45) 


In terms of LNG life-cycle emissions, the realistic estimations are in the range of 10% 


lower than diesel fuel chains (Acciaro 2014). However, it is important to notice that in 


marine sector the business is concerned mostly about the tailpipe emissions (the last 


consumption stage) rather than life cycle emissions in order to comply with environmental 


regulations imposed by IMO. Also, apart from meeting these standards, ship-owners value 
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that LNG does not require any cleaning equipment of emissions; therefore, it represents a 


cheap alternative to distillates (Acciaro 2014). Also, Clean North Sea Shipping 


organization (2013) adds that the use of LNG results in reliable and quieter engine 


operations, and lower operating costs. 


However, Acciaro (2014) notices that a lot challenges about LNG exist: high upfront 


costs, a high degree of uncertainty on the differential between the prices of LNG and 


conventional maritime fuels, availability of LNG and the reliability of its supply chain 


(sufficient number of bunkering facilities in European ports). Therefore, LNG-fuelled 


vessels are still the new phenomenon in marine sector. Currently there are 42 fully 


operating LNG-fuelled ships with 39 in order book. Norway is the pioneer and current 


leader in launching this type of vessels due to strong government support through NOX tax 


fund, strict environmental standards and abundant gas resources. Graugaard (2013) 


predicts the demand of LNG reaching up to 4-7 million tons for 1000 ships by 2020; this 


would correspond to 0.2% – 0.3% of global LNG production of 2010. Even though it 


seems as a small share, it signals the realistic beginning of new-generation vessels where 


the first movers (Norway) in the marine market will benefit the most.  


To sum up the environmental perspective about LNG in marine sector, Baltic 


Transport Journal (2011) correctly states that LNG is the best choice among other 


alternatives due to its excellent environmental compliance imposed by IMO. However, still 


a lot of challenges need to be overcome in order to accelerate the usage of LNG-fuelled 


vessels.  


4.5 Cost aspects 
There is no secret that LNG vehicles (truck, locomotive or new generation ship) cost 


more than the traditional ones. However, the whole LNG “magic” is mainly put on the 


LNG price competitiveness compared with the relative traditional oil-based fuels. This 


advantage in business representatives’ opinion should offset the higher upfront costs and 


lower LNG energy content than that of diesel. Since LNG has been already tried on trucks 


or ships, it is worth to overview the experience from financial perspective. 


4.5.1 Road transport 


According to Enerdata Analysts (2014), in 2013 the LNG truck was around 30-40% 


more expensive than a diesel powered truck. In the presented case by Enerdata (2014), the 


comparison between the fuels cost per km for an LNG-fuelled truck versus a diesel-


powered truck is done. The results are shown in table 2. 
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Table 2: Fuel cost per km for LNG and diesel vehicles 


Fuel type Consumption per km Fuel cost Fuel cost per km 


LNG 0.46 m
3
/km RMB 4.5/m


3
 2.07 RMB/km 


Diesel 0.39 l/km RMB 7.6/l 3.00 RMB/km 


Source: Enerdata Center 2014 


According to their calculations, LNG truck is 1 RMB/km ($ 0.16/km) cheaper to 


operate than a diesel truck. Taking into account the higher upfront costs, the payback 


period will depend on the average distance travelled per year. Or in other words, the more 


you travel, the faster invested money comes back to the pocket. Regarding the price 


changes, Enerdata Analysts claim, that the fuel cost differential is reduced to 28% (from 


current level 31%) if half of the price increase (0.4 RMB/km) is passed to the end user. If 


the entire fuel cost rise is passed, then the difference in fuel cost per km is minimized to 


25%. Even though the payback period would lengthen in the latter case, still Enerdata 


Analysts believe that it is economical to switch from diesel to LNG trucks.  


According to Argonne National Laboratory (2013), after examination of 18 LNG 


trucks in 15 months period, came to the firm conclusion – LNG fuel enables a significant 


reduction of cost and harmful emissions. LNG trucks achieved similar fuel economy on an 


energy equivalent basis during the study period; therefore, on average LNG fuel costs were 


around $ 0.36 per mile compared with conventional truck $ 0.69 per mile (around 48% 


lower). With such cost estimates, the payback period is less than three years.  


4.5.2 Marine transport 


The researchers Burel et al. (2013) analysed the economic upturn of LNG-fuelled 


vessels. The results show the 15-20% higher upfront costs, 35% lower operating costs, 


25% lower CO2 emission and the payback period for an LNG system installation about 


three years. With LNG price increase scenario to HFOs price levels, the payback period 


would extend to five years; while additional increase of the LNG price to 120% of HFO 


price would rise the payback time to eight years.  


According to Zeus Intelligence (2013) economic analysis of LNG vessel costs in 


North America, the total savings for four types of vessels: tug, ferry, cargo vessel and 


offshore supply vessel (OSV), during 10 years period are different. The positive payback 


period is seen for ferries (+$ 0.27 million) and new build OSV (+$ 10.3 million), meaning 


the companies should achieve enough future cash flows to offset high initial investment 


costs. In contrast, the project payback after 10 years for tugs and cargo vessels is negative 


(-$ 0.28 million and -$ 3.4 million respectively). It is because the tugs require less fuel, 
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and cargo vessels – due to difficulties to repay high enough initial investment costs (+$ 24 


million) over 10-years period.  


Finally, Germanischer Lloyd (GL) (2013) adds that the benefits of LNG strongly 


depend not only on the price differential, investment costs but also on its usage. The higher 


the ECA exposure, the shorter the payback period for different types of cargo vessels. 


 


To sum up various aspects about LNG as a vehicle fuel versus diesel fuel, it can be 


stated that LNG is a safe and clean burning-fuel and may offer significant fuel cost savings 


at least in US with the lowest LNG prices in the world. Its recourses are substantial (in US, 


Canada, Australia, Middle East and Norway) and it has already been successfully tried in 


road and shipping markets. However, LNG has lower energy density than diesel (weight 


and space penalties) and its upfront costs are higher compared with conventional oil-


fuelled vehicles. Also, in many countries the downstream supply infrastructure as well as 


distribution network is poorly developed. In addition, no common industry standards (e.g. 


for LNG equipment, safe handling) exist.  


4.6 Rail sector 
LNG is getting a high attention from transport companies, investors, and government 


not only in road and marine sectors but also in rail industry. The major debates about LNG 


locomotives are taking up in the United States since there the economic and environmental 


effects after the change could be huge. In 2012, Class 1 railroads consumed around 3.7 


billion gallons of diesel that constituted 23% of total operating expenses (EIA 2014a). 


Having strong environmental consciousness and opportunity to save on the fuel costs in 


terms of much lower LNG price than diesel, no surprise that Class 1 railroads currently are 


developing new generation natural gas locomotives.  


The main reasons to switch from diesel to LNG locomotives are: 


1. Environmental incentives. Canadian Railway Inc. after testing LNG-fuelled 


locomotives confirmed the emission reduction of NOX by 70% and CO2 by 


30% compared with the diesel-fuelled locomotives on 482 km distance. NOX is 


especially dangerous air pollutant since it is the major source of smog and acid 


rain. CO2 significantly contributes to GHGs emissions formation (global 


warming). Therefore, taking into account previous findings about LNG 


tailpipe emissions (does not contain SOX and PM), it can be stated that LNG is 


cleaner fuel compared with diesel as long as the methane leakage is controlled.  
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2. Fuel cost savings. Several companies such as Canadian Railway, General 


Electric, EIA (2014a), IRJ (2013) claim that the biggest advantage of fuel 


conversion is the potential fuel cost savings. They believe that around $ 


200.000/year/locomotive could be saved with natural gas-fuelled locomotive 


compared with diesel counterpart.  


However, even though the above-mentioned incentives are strong enough to start the 


pilot projects on testing LNG-powered trains, the commercial production can take decades 


since it requires to overcome three complicated challenges in addition to favourable LNG 


price differential: engine and fuel tender technology solutions, refuelling infrastructure and 


a supportive regulatory framework. This leads to the fundamental question of LNG 


technology defined by Chase (2014): “Whether, and to what extent the railroads can take 


advantage of this relatively cheap and abundant fuel?”. 


The same incentives and challenges regarding LNG as a fuel alternative exist in the 


Norwegian railway industry. Jernbaneverket claims that the only benefit for them of the 


fuel change would be reduced air pollution, or, in other words, better railway 


environmental performance. The motivation for railway operators is the potential fuel cost 


savings and, optimistically, increased operational efficiency compared with diesel-


powered locomotives. However, in Norway as in the rest of the world there is no 


experience of using natural gas fuelled locomotives as well as no profound studies 


examining the potential of LNG in the Norwegian setting.  


In order better understand the issue, it is necessary to overview the possible 


challenges that could arise with the implementation of LNG technology in the Norwegian 


railway sector. Regarding the potential benefits, the empirical evidence about the change 


of operating costs with LNG fuel is provided in the analytical part of thesis.  


The considerations about the following obstacles are presented in the next sub-


sections: 


1. Technology; 


2. Infrastructure; 


3. Long-term LNG price; 


4. Regulations; 
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4.6.1 LNG Technology 


4.6.1.1 Engine 


MTU Systems, a production company of engines, confirms that technology solutions 


of dual-fuel engine are already invented; however, they, probably, would not be cheap 


since the first engine prototypes are just under the testing stage in the market. According to 


Hubert, CEO of VIS Systems: “None of European manufacturers has dual-fuel engine 


approved for our market. In addition, the engines might be available no earlier than 


2017/2018 but at much lower power”. Therefore, it can be stated, that dual fuel engine 


technology is not matured in the rail industry and it has to go still a long way to be 


commercialised in European market. This acts as a big disadvantage for faster LNG 


technology adoption in Norway as well.  


Regarding the benefits of dual fuel engine, it is very important that they would 


provide the same performance, reliability and efficiency as the diesel engines to secure the 


high locomotive utilization. According to Lenz (2014), Caterpillar and Westport 


Innovations jointly solved this problem by offering the high-pressure direct injection 


(HPDI) dual fuel technology in US. Before this innovation, the existing engine solutions in 


the market such as spark ignited or dynamic gas blending (that could take up to 0-60% 


LNG) were not too much preferable due to lower energy efficiency compared with diesel 


engine. The following benefits were identified of using HPDI engines (Lenz 2014): 


 Substantially lower fuel costs with up to 95% substitution of diesel by natural gas; 


 Maintains the same power, transient response and efficiency as diesel engines; 


 Engine controls work like a diesel engine; 


 Capable of meeting stringent emissions limits with less emission technology; and 


 Well suited for heavy-haul and other high-fuel usage applications. 


Very important is that this engine removes the risk of sudden delivery stop of LNG -> 


in such case the locomotive can easily switch to 100% diesel fuel. However, as it was 


mentioned before, the approval of HPDI dual fuel engine technology will take at least 


several years to be ready for commercial production in the rail market. 
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4.6.1.2 Fuel tenders 


 


Figure 8: LNG-powered locomotive and its fuelling option (fuel tender – left side; cryogenic unit 


placed on locomotive – right side) (Source: Schneider 2014; Lenz 2014) 


In general, LNG fuel tank is around 3/4 smaller than typical diesel tank placed in 


locomotive due to bigger thickness to keep cryogenic fuel. This space penalty substantially 


reduces the maximum distance that can be done with LNG compared with diesel. For 


instance, using LNG the operator could go only 58.8% the distance of diesel; therefore, 


additional refuelling stops would be necessary.  


In the United States, where rail distances are around 2500 km from West to East, fuel 


tender with sufficient tank size to provide long-distance service is very important solution 


to the refuelling problem. According to Schultz (1992), LNG-tender is double walled and 


super vacuum-insulated unit that can carry more than 20,000 gallons of the cryogenic fuel 


– that is enough for two locomotives to complete a 1,600-mile trip. Also, the tank is 


designed to keep LNG cold for at least 14 days. The regasification of LNG is occurring on 


the tender (with the help of heat exchangers) flowing through the special hoses to the 


locomotive for injection into the engine (Schultz 1992). Finally, it is aimed to have easily 


removable ISO fuel tanks (e.g. 20ft’ or 40ft’ in length) to make the fuelling process simple 


and fast just by replacing empty tanks with tanks filled at an off-site location and 


transported by truck (Schneider 2014). 


Currently, the major US railway companies (Canadian Railway, BNSF) are 


developing standardized LNG tenders for locomotives paying a lot of attention to safety 


issues. In order to control the methane leakage, special methane detectors are installed 


which would give the signals to control system about shutting off the gas supply in case of 


accident. Finally, Schultz (1992) claims that natural gas has higher ignition temperature 


than petroleum products; therefore, a fire (or explosion) is less likely. 
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In figure 8b) there is shown an innovative TEM19 LNG-powered shunting locomotive 


that was developed two years ago by Russian Research Institute. Even though this type of 


locomotive is not suitable for the case (only main-line locomotives are analysed), still it 


represents another idea to keep the fuelling operation going during the trip. The standard 


20ft’ ISO LNG tank can be placed on the locomotive (no extra wagon is necessary) which 


would substantially simplify the locomotive’s maintenance and repairs. It is convenient 


when the distances are not long -> the 20ft’ fuel tank would be sufficient.  


However, during the discussion with Hubert, CEO of VIS Systems about the TEM19 


locomotive, it was found out that it is very hard to say whether 20ft’ ISO tank could be 


placed on board of mainline locomotive. For this purpose another technical feasibility 


analysis should be made; however, for this research it would be better to assume usage of 


fuel tender with 20ft’ fuel tank capacity instead of placing it on locomotive itself. 


To sum up, there are even more engine, locomotive and fuel tender designs that 


perform equally to diesel locomotives but with much lower air pollution that could be 


discussed; however, the idea of this sub-chapter is not to get into much technical details 


but rather proof the existence of technical solutions for LNG-technology in the market. 


4.6.2 Infrastructure 


Norway has the largest proven natural gas reserves in Europe (see: section 2.2.1) and 


the most developed small scale LNG production and distribution network with a 


worldwide production of up to 500 000 tons/year. This gives a high competitive advantage 


for small-scale customers of LNG in Norway -> flexibility to transport LNG in small 


amounts across the country without necessity of building expensive on-land pipelines.  


Table 3: Overview of LNG production facilities in Norway 


LNG Production Plants 


Melkøya Operated by Statoil Large scale LNG 


production facility 


4.300.000 tons/year 


Kollsnes (2 


production plants) 


Operated by Gasnor Small scale facility 120.000 tons/year 


Karmøy Operated by Gasnor Small scale facility 20.000 tons/year 


Risavika Operated by 


Lyse/Skangass 


Small scale facility 300.000 tons/year 


Source: author based on Baumgart and Bolstad (2010, 58) 


According to Gasnor (2015), today Norway has five LNG production plants with the 


biggest one large-scale LNG export terminal in the Melkøya island. In addition, 35 LNG 


receiving terminals are operating along the Norwegian coast; some of them providing 


bunkering services for ships (appendix 2). According to LNG Industry (2014b), operating 
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storage and bunkering operations already include NaturgassMøre in Alesund, Sunndalsøra 


(Gasnor-Shell), Høyanger, Mosjøen, Ågotness Coast Centre Base (CCB), Halhjem 


terminal, and Florø (Saga Fjordbase). The sizes of these terminals can range between 100 


m
3
 – 3500 m


3
 (Gasnor 2015). At these terminals, LNG is stored in specialized tanks with a 


limited vaporization levels.  


The supply to rail yards would be possible only by trucks since building pipelines 


would be too expensive and fuel transportation by rail currently is not provided in Norway. 


The more detailed LNG procurement scenario to the Nordland Line is provided in section 


5.2.1. The main idea of this sub-chapter is that Norway has abundant natural gas reserves, 


already existing LNG production plants and a great potential to distribute it by trucks 


inside the country’s territory. However, regarding LNG supply to the Nordland Line the 


specialised depots still have to be built as well as new logistics network and practise in 


order to secure a stable supply for locomotives. Or, in other words, the downstream LNG 


supply infrastructure must be extensively developed in Northern Norway in order to 


unlock LNG potential in the railway industry.  


4.6.3 LNG price competitiveness 


As it was mentioned in section 2.1.4, there exist two major natural gas pricing 


systems: oil-indexed pricing and gas-on-gas based pricing (GOG). In the GOG system, the 


price is determined by interplay of supply and demand. Trading takes place at physical 


hubs (e.g. Henry Hub) or notional hubs (NBP in the UK) (IGU 2014b). Not all gas is sold 


under short term fixed price basis, still some amount of agreements go under long term 


contracts but, according to IGU (2014b), these will use gas price indices to determine the 


monthly price rather than competing fuel indices. The spot LNG is also included in this 


category.  


Another thing important to mention, is that natural gas market is a continental market 


whereas crude oil – could be regarded as a global market (Conerly2015). This means that 


for example increasing natural gas production in the United States will impact only its 


continental prices but not the global ones. This is why we have the spread of natural gas 


prices among different world regions (figure 9). 
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Figure 9: Global gas prices and future projection (Source: SundEnergy 2014) 


It can be seen that currently Japan pays the most for natural gas, whereas Americans – 


the cheapest. This is because US shale boom brought down gas prices there while Japan 


faced a substantial increase of LNG prices from 2008 due to the accident in Fukushima 


nuclear power plant and high imported oil prices. SundEnergy (2014) projects that in the 


long term natural gas prices among different parts of the world should converge at around 


$ 10/mmbtu because LNG (its possibility to ship overseas) will act as “equalizer” for new 


supplies. Probably, the price level won’t be lower because bringing US LNG to Europe 


would cost around 10.5 $/mmbtu (5.5 $/mmbtu Henry Hub, plus 3.0 $/mmbtu regas fee, 


plus 1.5 $/mmbtu shipping and plus again 0.50 $/mmbtu regas fee (Stern and Rogers 


2014). 


UK NBP is widely used pricing system for spot-traded European natural gas market. 


According to IGU (2014b), in Europe there has been continuous move from oil price 


escalation to GOG since 2005. Today more than 50% of gas trading happens using GOG 


system; however, not in all regions. The system is mostly spread in Northwest Europe 


(80%) (UK, Netherlands, France, Germany, etc.) whereas in Southeast Europe there is no 


GOG competition (Bulgaria, Croatia, Romania, etc.).  


According to Stern and Rogers (2014), Norway was also pushed to renegotiate the 


long-term contract prices with its customers by moving to hub prices (to GOG system) due 


to the complex change of market pricing model in Northwest Europe. Regarding the 


natural gas prices in Norway, only wholesale market prices are available at the hubs, like 


UK NBP (Velazquez 2014). In addition, Statoil points that volumes of natural gas are sold 
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under regular sale contracts or in the spot market using quotations at UK NBP or Title 


Transfer Facility (TTF).  Also, certain LNG volumes are priced at Henry Hub quotations.  


LNG prices across Norway differ; it depends on the different premiums that the local 


fuel distributors (e.g. NaturGass or Gasnor) are setting for the final customer.  


Regarding the price differential of natural gas versus oil-based products, historically 


the Brent price was always higher even though it has been decreasing to $ 50-60 per barrel 


in time period 2014-2015 due to slowing down China’s economy, US shale oil revolution 


and possible geopolitical speculations (to reduce Russia’s aggression towards Ukraine) 


(figure 10). 


 


Figure 10: International gas prices, 2001-2014 (Source: Stern and Rogers 2014, 31) 


However, having oil prices currently down, the investors’ willingness to invest into 


natural gas vehicles becomes lower since they are not sure about:  “For how long the gap 


between natural gas and oil price is going to continue?” or “will that differential be enough 


to justify the high investments into LNG-technology?” 


At least, in the short term (2015 - 2016) it is forecasted the slight drop of LNG prices 


in all regions except US due to decreased worldwide demand for natural gas and low crude 


oil prices (Energy Aspects 2014): 


 Latin America and Northeast Asia are paying at around 9.6 $/mmbtu level. In 


2016, it should stick at 9.0-9.5 $/mmbtu level. 


 North American prices are going to remain the lowest globally, with delivered 


LNG prices quoted at a discount to Henry Hub at 3.40 $/mmbtu. 


 Northern European hub prices are forecasted to keep at 8.4 $/mmbtu levels. 
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Regarding the long - term projection, - it is difficult to say. According to Stern and 


Rogers (2014), the nature of the gas market is complex and uncertain; therefore, hard to 


predict the long term LNG prices. There are many macro- (economic indicators, weather) 


and micro- environment factors (company’s strategies towards switching to natural gas 


fuel) that influence the demand and supply of LNG with 6 major key uncertainties in the 


short term LNG market: 


1. Demand for natural gas and LNG in Asia. Firstly, Japan’s rate at which she 


turns on its nuclear power plants and China’s growth rate. 


2. Transition away from JCC (oil-based pricing) to GOG in Asian LNG markets. 


3. Scale and pace of US LNG export approvals and construction; 


4. Scale of LNG supply ramp-up from non-US suppliers (e.g. Australia); 


5. Shale gas development outside North America; 


6. Russian response to “over-spill” of excess LNG into the European market. 


These factors create a high uncertainty about how LNG market will look after 2018. 


However, Stern and Rogers (2014) conclude that one thing is clear that the spot LNG 


market should continue to growth with GOG pricing system all over the world leading to 


volatile LNG prices with higher price risk premiums.  


Chase (2014) takes this task and demonstrates its own predictions about the long-term 


price gap between the Henry Hub natural gas and Brent crude oil price (figure 11). 


 


Figure 11: Comparison of spot prices for Brent crude oil and Henry Hub natural gas,  


1990 - 2040 (2012 dollars per million Btu) (Source: Chase 2014) 


The analyst claims that the biggest gap was in 2010 (the ratio 7.1 times Brent price 


higher than Henry Hub); however by 2018 the oil-to-gas price ratio is forecasted to narrow 


to 3.4 times and remain around this level till 2040 on an energy equivalent basis. However, 
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Chase (2014) does not give any concrete arguments for these estimations although he 


firmly believes in more favourable LNG economics compared with diesel fuel. 


Also, it is important to notice that prices were taken till 2013 before drastic decrease 


of crude oil prices globally (till 40-55 US Dollars per gallon). Therefore, this projection 


would look less favourable if it would be made in the current market realities of 2015. 


To sum up, it can be stated that following the market logic projects involving fuel 


change to natural gas today should be much more favourable from cost point of view than 


doing it after 15 years. The argument is that low wholesale prices of natural gas should 


remain till 2025 due to much bigger supply than demand in the market (Australia, North 


America, Russia will compete for demand) (see World Bank commodity price forecast in 


appendix 3). Regarding crude oil prices, the profitable price to produce it is around 83-93 


US Dollars a barrel for most producing oil companies (MercoPress 2014); therefore, the 


current low price levels are just temporary phenomenon that should diminish in 3-5 years 


leading to increase of diesel price in the market. It is very hard to state how long the price 


differential will stay (15, 20 or 30 years?), but it is clear that with the time the demand for 


natural gas will increase (especially when transport and manufacture sector will turn to 


natural gas fuel) and with it – the price. Therefore, the elementary logic dictates that if the 


certain project pays back in 5-8 years then it is worth doing now since by that time even 


though the price differential will be lower your project costs will be recovered and you will 


work on environmentally friendly vehicles paying much lower taxes for air pollution. In 


addition, LNG user can always fix or hedge low LNG prices for coming 7-10 years and in 


this way reduce the risk of price fluctuation. 


Finally, speaking about LNG prices in Norway, SundEnergy (2013) states that for 


now the difference between wholesale and retail prices is still significant. The gap can 


reach 80-100% depending on the region where trading is done (in North of Norway LNG 


prices are higher than in South of Norway). It is expected that in near future the price 


differential will reduce with increased competition and developed LNG distribution chain. 


4.6.4 Regulations 


The idea of LNG-fuelled locomotives in the Norwegian rail sector is the new 


phenomenon requiring a profound research and numerous tests for the final introduction to 


the market. Naturally, the regulatory environment supporting LNG locomotive operations, 


fuel tender cars, and various safety standards dealing with handling and using LNG is not 


established in Norway. In addition, the contracting environment for delivering LNG would 







 43 


be new compared with the existing practise of diesel fuel operations. The absence of 


regulatory environment would act as a significant brake for accelerating LNG adoption in 


railroading; therefore, in case of favourable economics of the project the role of 


government would be crucial to support it by establishing the necessary regulations and 


creating the right economic incentives to proceed with the project. 


Regarding locomotive emission standards in Norway, it can be stated that they are 


unregulated. No information was found about their existence in the Norwegian rail sector. 


The contact person of Jernbaneverket confirmed the same information.  


Meanwhile in US (EPA requirements) and European Union (Stage I..V standards) the 


requirements for new engines used in non-road mobile machinery are set. In EU, Stage III 


A and III B standards have been adopted for locomotives and railcars (Stage I, II and IV 


regulations do not cover railroad sector) to limit the air pollution (European Commission, 


quoted in DieselNet.com, 2014). The directives were phased-in from 2006 to 2013, with 


the offer to introduce Stage V standards on 2014 (the date of coming into force is not 


agreed). Currently, the engine producers have to limit the NOX and PM emissions: max 6.0 


g/kWh and 0.2 g/kWh respectively. The emission regulations should become even more 


stringent in EU countries forcing buyers to pay higher price for new diesel-fuelled 


locomotives when replacing the old ones. Since Norway does not produce locomotives 


itself – must purchase in US or Europe - these regulations have the indirect effect on rail 


operators as well in terms of higher price and requirement to stick to those regulations in 


case of exporting the products to Sweden.  


The similar case is with taxes for rail operators using diesel fuel in Norway. Today 


diesel for rail engines is not taxed. This is opposite to road or shipping transport users 


where environmental taxes such as CO2 and NOX are applied.  


Overall, without regulations and taxes limiting air pollution on diesel there is very 


little incentive to switch to LNG in Norwegian railroading. This also implies that LNG 


price becomes the only critical factor determining the rail operators’ decision in Norway. 


Even though price is a strong pusher it should be supported by additional incentives such 


as environmental taxes to facilitate LNG transformation in case it is more beneficial to 


society compared with current situation.   


 


To sum up various findings about LNG as a fuel alternative in scientific literature and 


companies’ experiences in using it, the following SWOT matrix can be established. It 
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summarizes the main fuel’s strengths, weaknesses, opportunities and threats compared 


with diesel fuel alternative that can arise in the Norwegian railroad industry. 


Table 4: SWOT matrix for LNG fuel versus diesel fuel from rail operator's perspective 


Strengths Weaknesses  


 Clean-burning fuel: substantial 


reduction of NOX, SOX, PM and CO2 


tailpipe emissions 


 High safety record 


 HPDI engine technology solution 


providing the same engine 


performance, reliability and efficiency 


as diesel’s one 


 Abundant local natural gas resources  


 Existing upstream LNG infrastructure 


 


 Lower energy content compared with 


diesel (-> reduced operating range, 


weight and space penalties of fuel 


tanks) 


 Need for expensive cooling and 


cryogenic tanks  


 Engine technology is not matured and 


commercialized in European market 


 High ignition temperature which 


requires an additional ignition source 


(diesel) 


 Higher LNG vehicle costs  


 Retrofit difficult from technological 


side 


 Less developed downstream fuel 


distribution systems and infrastructure 


compared with diesel fuel -> lower 


commercial practice 


 Absence of supportive regulatory 


environment and industry standards 


 Absence of environmental incentives to 


switch to LNG  


 Additional training and certificates 


Opportunities Threats 


 Fuel cost savings 


 Increased operational efficiency with 


fuel tender (longer distances without 


refuelling) 


 Increased social welfare: reduced air 


pollution 


 Positive NPV 


 High uncertainty about long term LNG 


price -> risk for a longer payback 


period 


 The time and content of regulatory 


processes for the LNG technology 


 The time and costs for engine approval  


 Risk of lower NG engine pulling 


capacity over mountains at acceptable 


speeds 


 Life cycle GHG emissions can be 


similar as diesel counterpart (since 


LNG is produced locally) 


 Too low market potential for LNG 
Source: own display 
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5.0 CASE STUDY AND ITS ANALYSIS METHOD 


This section aims to present the case to the reader from a general point of view and, 


subsequently, to select the best methodological tool to approach it in order to generate 


reliable empirical evidence. Moreover, the evaluation process is briefly presented. 


5.1 Case description 
One of the main keys of LNG attractiveness compared with diesel is related with 


financial benefits – substantial fuel cost savings – that should offset the high initial 


investment costs. In order to investigate this common statement in the Norwegian rail 


freight industry, the concrete case must be chosen as well as the best method to approach it 


to be able to generate reliable empirical evidence.  


In Norway most of the railway lines are electrified; except the Nordland Line going 


from Bodø to Trondheim; and the Røros Line connecting Trondheim with Oslo capital of 


Norway (figure 12). After discussions with the representative of Nordland County Council 


the Nordland Line was chosen as the case study for the Thesis. 


The Nordland Line is the northernmost and the longest (729 km) railway line in 


Norway. Currently it has two freight operators: the major CargoNet and the smaller player 


– CargoLink company. The railway line is important for cargo transport between north and 


south of Norway. The main cargo flows consist of various consumer goods and recycling 


products. Additional information about the Nordland Line is provided in the table 5. 


Table 5: General information about the Nordland Line 


General Information – Nordland Line 


Distance 729 km 


Number of rail operators 2 (CargoNet and CargoLink) 


Number of freight trains per week 12 departures (fixed schedule) 


Direction Bodø – Fauske – Mo i Rana - Trondheim 


The shortest meeting area 390 meters 


Diesel Locomotive VosslohEURO4000 technical information 


Engine effect 3178 kW 


UIC Classification Co´Co 


Fuel capacity of diesel 7000 litres 


Loco weight  123 tons 


Maximum speed 120 km/h 


Max gradient 19% 


Fuel consumption 4,0 litres/km 


Maximum pulling capacity 1600 tons 
Source: Jernbaneverket 
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Figure 12: The Nordland Line (Source: Jernbaneverket) 


It is also important to notice that Jernbaneverket owns terminals and railway lines 


whereas the cargo trains belong to rail operators. The latter ones have to pay the fee for 


using the railway line to Jernbaneverket; however, today the companies operating on the 


Nordland line are exempted from this tax.  


Another crucial thing is that the railway lines in Norway are single track (only 6,02% 


is double track close to Oslo area). This fact acts as a serious infrastructural bottleneck for 


expanding the freight capacity to be transported on the Nordland Line since the trains 


(which are going to opposite directions) have limited place to pass through each other. If 
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the length of the train is too long it cannot fit into the waiting area to let another train 


continue going. This was the main problem why CNG fuel could not be implemented 


instead of diesel in the early 2000s. It required two extra wagons for CNG storage that 


added to much length penalty – not adequate to Norwegian single-track railway line. 


Therefore, it is important to take into account the max length of meeting areas when 


determining the max wagons per trains on the Nordland Line. 


The main motive for Jernbaneverket to adopt the LNG technology in its railway 


network is better environmental performance (the incentives for rail operators are listed in 


section 4.6). However, it must be noticed that currently the railway industry is the cleanest 


transport in terms of GHG emissions production compared with the rest of transport modes 


in Norway. According to Norwegian Statistics Database (2015a), the railways produced 


0.1 million tonnes of GHGs (or 0.19% of total GHGs emissions) in 2013 whereas the road 


traffic (the biggest polluter) emitted 10.1 million tonnes of GHGs (19% of total). 


Therefore, even though the railway industry would switch to cleaner fuel LNG, the 


environmental effect on total domestic pollution in country would be marginal.  


The similar situation would be also with the impact on LNG fuel demand in Norway. 


The potential demand of LNG could reach 0,01 million Sm3 (or 10 mln. litres) per year in 


Norwegian rail freight industry
6
. Compared with current annual demand of water transport 


(105 million Sm3), LNG fuel demand looks insignificant. Therefore, it could be stated that 


implementing LNG would have stronger micro economical rather than macro economical 


effect due to its low fuel potential demand and already existing efficient diesel engines that 


offer more environmentally friendly cargo transportation compared with road or shipping 


transport modes in Norway. 


5.2 Project description 
As it was mentioned before, the main motivation to switch to LNG technology is to 


improve the performance of Norwegian rail freight operations in terms of reduced fuel 


costs and lower air pollution. In order to assess this alternative, the empirical research must 


be done that would reveal the economy of LNG compared with currently used diesel fuel. 


However, before starting the analysis it is important to overview the logistics scenario of 


LNG supply to locomotives operating on the Nordland Line. The project cannot be 


feasible if LNG is not available for every day operations.  


                                                 
6
In 2014 annual report the biggest rail freight operator CargoNet stated that diesel energy consumption was 


equal to 6,1 million liters of diesel in 2013.  
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5.2.1 LNG supply scenario 


Norway has abundant domestic supplies of LNG and already existing a huge LNG 


production plant in the Melkøya Island. However, the downstream LNG distribution 


network is not sufficiently developed to procure LNG at the minimal cost as it is done in 


the diesel fuel distribution network.  


Today there are several options to distribute LNG where pipelines are not available – 


to use dedicated ships or trucks. In the first option, the demand for fuel must be large 


enough to transport it to refuelling site by ship; whereas LNG trucks are more favourable 


when demand for fuel is marginal.  


Currently there are two distributors that could supply LNG to the Nordland Line. First 


one is Barents NaturGass that operates in Northern Norway and has two storage tanks for 


LNG in Bodø. The company is supplying LNG for two ferries operating between Bodø 


and Lofoten islands, and for industrial customer. The supply chain starts from Hammerfest 


where several times per week trucks are loaded with 50 m
3
 or 80 m


3 
specialised cryogenic 


tanks; and brings the fuel to Bodø port. The refuelling to ferries can take straight from 


LNG trucks and that is the main advantage of such transportation chain since it may cut 


additional infrastructural costs. Finally, Barents NaturGass is now intensively working on 


developing the effective supply chain from Hammerfest to the south of Norway 


(Stavanger) (Torghatten Nord 2013); therefore, the capabilities of distributor are growing. 


Second option is to use another distributor’s - Gasnor - services and refuel LNG 


either in Mosjøen or in Trondheim. Currently, Gasnor owns LNG terminal in Mosjøen and 


can easily transport LNG fuel to Trondheim by trucks from Mosjøen. Gasnor brings LNG 


by ship from LNG production plant in Melkøya Island to Mosjøen. During the telephone 


conversation with representative of Gasnor, it was confirmed that there would be enough 


capacity in Mosjøen LNG terminal to meet rail freight transport needs on the Nordland 


Line.  


Overall, there shouldn’t been any problems of getting LNG on time and in full from 


one of the LNG distributors. Furthermore, storage facilities already exist either in Bodø or 


in Mosjøen (appendix 4). If refuelling would take in Trondheim the distributor Gasnor 


would also take care by transporting LNG from Mosjøen and refuelling straight from 


trucks to locomotives (appendix 5). In any case, the retailer takes care of LNG storage and 


distribution but not rail operator.  


Therefore, the preliminary LNG supply scenario might look as the following: 
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Figure 13: LNG Supply Chain (Source: own display) 


The procurement process is also feasible without storage facilities; the refuelling can 


take directly from the truck. It depends on the fuel demand and technical aspects that 


should be investigated in a separate research. The standard ISO LNG tanks (20ft’ or 40 ft’) 


would be used in the transportation process since they are standardized and easily 


removable. Also, the regasification of LNG would take on the fuel tender that is 


technically possible and the most efficient.  


Another question is related with the necessary number of refuelling stops for 


locomotives covering 1458 km distance per trip. The answer depends on the capacity of 


fuel tank that would be used in train. There are two options: 


1. To use LNG tank – the 2/3 of diesel tank size – in the locomotive; or 


2. To use a fuel tender that would carry 20ft’ ISO tank; however extra wagon would 


be necessary.  


The max distance that could be done with these options is summarized in the 


following table 6: 


Table 6: The max distance on different tank size options 


Parameters Diesel LNG LNG_20ft ISO tank 


Tank capacity in litres 7 000 4 667 20 000 


Power eq on diesel in litres 7 000 2 745 11 765 


Litres/km 4,0 4,0 4,0 


Kilometres 1 750 686,3 2 941,2 


Difference 1 -39% 168% 


Source: own display 


It can be seen that without a fuel tender the max distance using LNG fuel is 39% 


lower than the distance produced by diesel due to LNG cylindrical tank shape (reduces 


space) and lower fuel density. As a result, having the distance 729 km the number of 


refuelling stops necessary for LNG locomotives without a fuel tender would reach at least 


2 times (apart from initial refuelling in Bodø): (1) in the middle of the route; (2) and in 


Trondheim. This outcome would complicate LNG distribution chain and, probably, the 


retail LNG prices would increase since a new depot would have to be built.  
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The second scenario – with fuel tender – the max distance is around 168% higher 


compared with standard diesel tank used in locomotives. Theoretically, with 20ft’ tank it 


should be possible to go to both ends without refuelling. However, for the sake of security 


the refuelling can be done also in Trondheim – would be enough to have one truck per two 


locomotives. Regarding the Norwegian infrastructural constraint (the shortest meeting area 


is 390 meters), having additional 20ft’ fuel tender would not be a problem. The total length 


of loco + fuel tender is equal to 40 metres whereas the length of standard loco is 23 metres. 


Therefore, having 16 wagons per train (that is enough to satisfy current demand), with the 


length about 20 metres per wagon, the train could fit within infrastructural limits. 


In general, the distribution of LNG would not be more complicated compared with 


diesel chain when the downstream supply infrastructure and the efficient and effective 


distribution system will be built. However, for now the costs of LNG procurement should 


be higher due to more expensive cryogenic tanks, longer distances from the source and etc. 


Overall, the most important for this research is to state that there is a possibility to 


transport LNG using the services of already existing distributors in the Western Norway. 


 


To sum up, there is a belief based on US rail freight industry optimism that LNG 


technology could strengthen the competitiveness of Norwegian railroading due to 


economical and environmental effectiveness of fuel compared with currently used diesel. 


The main expected outcome or benefit of the project is increased producer (rail operators’) 


surplus and overall society welfare.  


In research the author assumes LNG fuel to be implemented in freight locomotives 


operating on the Nordland Line. New trains should use 20ft’ fuel tender since without it 


would be not economical to stop every 500-600 km for additional refuelling. In addition, 


having more refuelling stops would increase operating costs as well as retailer’s final LNG 


price (the latter can differ among regions). The investments to new locomotives and fuel 


tenders should be carried out by rail operators whereas the fuel distributor (e.g. Barents 


NaturGass or Gasnor) should invest into new refuelling infrastructure – LNG trucks and 


storage facilities if necessary. Government’s role is especially important in the launch of 


new technology due to the need to issue new industry regulations and establish additional 


incentive programs. However, the project itself would be justified only if it proves 


favourable fuel economy compared to current situation. 


To do that, the most appropriate method has to be chosen given the time and data 


constraints. The possible appraisal methods are overviewed in the following subsection. 
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5.3 Appraisal methods 
Cellini and Kee (2010) state that the most commonly used analytical tools for 


evaluation of transport sector project are: cost-effectiveness analysis (CEA) and cost-


benefit analysis (CBA). Both tools can be applied before, after, or during the project, and 


they can greatly assist decision makers in evaluating program’s efficiency. However, 


depending on the situation one tool is more suitable than another one; therefore, its crucial 


to know what result you want to achieve before applying a particular analysis method.  


Authors Cellini and Kee (2010) explain that CEA is a tool that relates the costs of a 


program to its key outcomes or benefits while CBA takes a broader picture by comparing 


the total expected costs against the total expected benefits of a project.  


CEA is most useful when the decision maker knows the outcome he desires and the 


objective is to determine which set of alternative projects achieves the greatest outcome 


(Cellini and Kee 2010). According to Madsen and Olsson (2012), the aim of the CEA is to 


maximise the level of benefits relative to the costs. The main difficulty is that it does not 


give any value for the output, leaving that to the subjective judgement of the decision 


maker.  


CBA is the most beneficial when the single program is analysed to determine whether 


the program’s total benefits to society exceed the costs or when the alternative projects are 


compared in order to decide which one achieves the greatest benefit to community (Cellini 


and Kee 2010). Costs and benefits are not always easy to measure; therefore, the main 


challenge in CBA is to monetize them.   


Even though CBA in general is considered as a very time consuming and difficult to 


apply tool, the research requires this method mainly because the outcomes of the project 


are not known. Moreover, many researchers (Bråthen et al. 2000; Vickerman 2007; 


Mackie et al. 2014) claim that CBA is often chosen technique for transport appraisal 


projects. In addition, Bråthen et al. (2000) distinguish several project categories where 


CBA can be applied with one of suitable for this research: projects with environmental 


effects. The latter ones cannot be captured solely in the financial analysis, requiring 


additional economic analysis to assess the wider impacts of the project on society.  


Moreover, during the discussion with Fredrik Bärthel, a researcher in transportation at 


Göteborg University (Sweden), it was found out that production cost analysis (PCA) is 


also a good methodological tool for this kind of research. The primary aim of production 


cost analysis is to assess the costs of transportation of one unit before and after the 


implementation of particular project. In this case, PCA would show how the adoption of 
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LNG fuel would impact the rail operator’s cost structure, or more precisely, its cost of 


transportation per unit.  Income data is not required and the evaluation process is not 


complicated.  


To sum up, based on the scientific literature and discussion with Fredrik Bärthel, a 


researcher in transportation, the best appraisal methods for transport projects with no clear 


outcomes are cost-benefit analysis and production cost analysis. Using these methods the 


complexity of analysis and the amount of required data depend on the choice of author; 


but, in general, the more data is elaborated the better empirical results can be generated.  


The structure of the evaluation is briefly explained in the following subsection. 


5.4 Evaluation process 
The empirical assessment starts with production cost analysis. As it was mentioned 


before the preliminary data regarding operating structure of diesel locomotives was given; 


therefore author conducts the data analysis and sensitivity analysis with different price 


scenarios. The aim of production cost analysis is to calculate the transporting cost per unit 


(cpu) using either diesel or LNG and to assess the effect of LNG price indicator on cpu. 


Also, fuel costs of diesel and LNG are compared based on different cargo volume 


transported. 


Further the empirical research continues with the cost-benefit analysis. This method 


differs from production cost analysis since it aims to determine the best outcome for 


society but not for producer. When performing CBA, it is important to include the most 


significant costs and benefits to society and, in result, to get the net total benefits that 


would indicate whether the project is worth implementing compared with current situation 


or not. The methodology of CBA lies in the nine main steps described by Boardman et al. 


(2014, 6-15): 


 


STEP 1: Specify the set of alternative projects 


This step requires describing and examining: 


 The base case scenario which simply indicates what would happen if the 


project wouldn’t be performed. 


 The set of alternative projects; why they have been chosen and how they are 


going to be implemented. 
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STEP 2: Decide whose benefits and costs count (standing) 


Almost every project can affect many different stakeholders within society, and every cost 


or benefit impacts a particular group of people.  Therefore, it is important to choose the 


most affected group “the one that bears the most costs and receive the majority of the 


benefits” (Cellini and Kee 2010). 


 


STEP 3: Identify the impact categories, catalogue them, and select 


measurement indicators 


Step 3 requires the analyst to identify the physical impact categories of the proposed 


alternatives, catalogue them as benefits or costs, and specify the measurement indicator of 


each impact category. Since all costs and benefits cannot be known for certain; only the 


most significant have to be addressed.  


 


STEP 4: Predict the impacts quantitatively over the life of the project 


When the most important impacts are identified, the analyst has to quantify them in each 


time period. Or, in other words, the analyst has to set the time frame and predict how the 


costs and benefits will change over time.  


 


STEP 5: Monetize all impacts 


In this step the analyst has to attach dollar values to all impacts. According to Cellini and 


Kee (2010) it is important to state the nature of the cost, how it is measured and the 


assumptions being made. Those assumptions need to be subjected to a sensitivity analysis 


in Step 8 to determine to what extent the outcome of the analysis is controlled by the 


assumptions made. 


 


STEP 6: Discount benefits and costs to obtain present values 


Here the future benefits and costs have to be discounted relative to present benefits and 


costs in order to obtain their present values (PV). Discounting is necessary due to 


opportunity costs in recourses used in the project and due to the fact that most people 


prefer to consume now rather than later. Analyst has to choose the social discount rate (s) 


to obtain the present values of costs (C) and benefits (B): 
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𝑃𝑉 𝐵 =  
𝐵𝑡


 1 + 𝑠 𝑡


𝑛


𝑡=0


 


𝑃𝑉 𝐶 =  
𝐶𝑡


 1 + 𝑠 𝑡


𝑛


𝑡=0


 


 


STEP 7: Compute the net present value of each alternative 


The net present value (NPV) of an alternative equals the difference between the PV of the 


benefits and the PV of the costs: 


𝑁𝑃𝑉 = 𝑃𝑉 𝐵 − 𝑃𝑉(𝐶)  


The basic decision rule for an alternative project is simple: implement the project if its 


NPV is positive. If no NPV is positive, then none of the specified alternatives are superior 


to the status quo, which should remain in place.  


Also, it must be noticed that positive NPV criterion leads to a more efficient outcome than 


the status quo; however, not necessarily the most efficient outcome. NPV criterion applies 


only to the actual alternative defined. Cellini and Kee (2010) point out two additional 


ratios that supplement NPV calculation:  


 Benefit-cost ratio (BCR). It makes easier to compare the alternatives and 


shows whether a specific benefit gained per dollar of cost is sufficient given 


other investment alternatives. If ratio is higher than 1, the alternative is 


considered as an efficient allocation of recourses.  


 Economic rate of return (ERR). ERR is simply the discount rate that would 


yield total present value benefits equal to costs. This ratio helps to assess the 


value of the project based on whether a certain percentage rate of return is 


satisfactory given other opportunities the organization might have had in year 


1. 


 


STEP 8: Perform sensitivity analysis 


The purpose of sensitivity analysis is to show how large the risks of a project are and in 


particular to demonstrate whether a favourable project becomes unfavourable if some 


assumption is changed (Heatco 2006, 50). In this way, the risk of generating questionable 


results is reduced when different scenarios against sensitive indicators are performed. 
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STEP 9: Make a recommendation 


In general, the alternative having the biggest NPV value has to be selected. However, it 


does not have to be always a right case – the sensitivity analysis can show different 


outcomes. Also, the results of CBA serve only as the guide but not as the final basis for the 


decision. 


5.5 Limitations of empirical analysis 


5.5.1 Production Cost Analysis 


One of the major drawbacks of production cost analysis performed in this research is 


the data accuracy. The operating cost structure for diesel locomotives is the preliminary 


one; however, not the actual data received from rail operator. For instance, in order to 


allocate costs for LNG locomotives several assumptions were made; therefore, the final 


results might have some degree of deviation from the real transportation costs per unit 


(cpu). However, it must be noted that Jernbaneverket consulted with CargoLink operator 


before making diesel cost structure; therefore, it can be assumed that the deviation of data 


is small.  


Another thing is that PCA does not show the payback rate (or period) of the project or 


the benefits to the society; it simply compares the transportation cpu using two different 


fuels.  From another point of view, the easy cost per unit comparison is the strongest 


advantage of PCA for rail operator.  


5.5.2 Cost Benefit Analysis 


Despite the fact, that CBA provides comprehensive and systematic evaluation 


structure for the project, it contains several important limitations as well.  According to 


Mackie et al. (2014, 5), there are various technical issues related with the value judgments: 


“Where do the values come from, how reliable are they and should they be private values 


or adjusted to social values? Another question according to the authors is how to handle 


impacts for which there are no values such as loss of natural or heritage assets. The human 


error in conducting cost-benefit analysis cannot be avoided, therefore, it can be that analyst 


won’t include all the impacts of the project, or will monetize them not in the most precise 


way. This can contribute to misleading results of CBA.  


Another criticism area of CBA is related with the problem of capturing external 


effects of the project. There is belief that some of them might not be included into the 


analysis due to bounded rationality of analyst. According to Bråthen and Hervik (1997, 
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quoted in Shaton 2011, 50), regional impacts of new infrastructure are usually not in focus 


in the CBA, but they are very important for politicians who are to make the decision: “In 


general, regional impacts are mid- and long-term effects of the infrastructure investments, 


even though some shifts in economic activity based on expectations may take place even 


before the new infrastructure is constructed”.  


Karine Nyborg (2014) argues that CBA is not value-free: “When CBA is used to 


measure welfare, it is based on highly controversial value judgments. When used to 


measure efficiency, it is based on assumptions of limited relevance to democratic decision-


making processes”. Therefore, author states that CBA measures only the population’s total 


net willingness to pay. And it is not bad, since this indicator may contribute decision 


makers’ factual understanding of the trade-offs they are about to make.  


One of the ways to reduce the uncertainty of the reliability of final results is to 


conduct the sensitivity analysis relating to key variables such as investment costs, social 


discount rate, price ant etc. Another method that would help to overcome the shortcoming 


of CBA is to do ex-post analysis. This should help to evaluate the real actual costs and 


benefits related from a project, and improve the overall quality and objectivity of ex ante 


analysis of likely projects (Shaton 2011).  
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6.0 TECHNICAL FRAMEWORK FOR ANALYSIS 


This section provides readers with the technical framework for empirical analysis for 


both PCA and CBA tools. In each subsection scenarios, assumptions, identified impacts 


and explanation of cost (or emissions) calculations of two different analyses are 


overviewed.  


6.1 Production Cost Analysis 


6.1.1 Scenarios 


PCA is done to assess the impact of LNG technology on rail operator’s cost structure. 


The interests from third parties (society) are not analysed in PCA since it is concentrated 


only on producer’s financial surplus or loss. It is assumed the hypothetical situation in 


which rail operator is considering either to invest into diesel or LNG locomotive with fuel 


tender knowing the existing market price of trains. He must consider two things: 


1. Which type of train will be more expensive to operate? 


2. Will cost savings be enough to compensate the investments into LNG locomotives 


and fuel tenders by currently existing price differential between diesel and LNG 


fuel? 


Therefore, two scenarios can be defined: 


1. Base case scenario. Rail operator chooses to purchase diesel locomotive; therefore, 


the freight operations are run further in the same pattern as it was before. 


2. LNG case scenario. Rail operator chooses to invest into LNG locomotive with fuel 


tender expecting that fuel cost savings will be high enough to offset the more 


expensive locomotive.  


6.1.2 Assumptions 


These assumptions are made for production cost analysis: 


 The rail operator uses only its own financial capital for purchasing 


locomotive; 


 The annual cargo transportation is 30 000 TEU per year given the max train 


length 390 meters in the meeting area. To satisfy this demand two trains per day with 


15 wagons per train are considered. It is assumed that one wagon can contain 4 TEU.  


 Interest rate is 4.5%; 


 Depreciation period for locomotive is 30 years (Floden, 2011); 
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 Days of usage per year – 313 (subtracting maintenance and national 


holidays) and loop time is 48 hours; 


  No difference between engine performance, reliability and efficiency; 


 The fuel distributor has enough capacity to meet increased LNG demand 


from rail operator. 


6.1.3 Impacts 


In PCA only two major impacts on cost structure can be identified if diesel would be 


changed to LNG fuel: 


1. Difference in fuel costs; 


2. Increased maintenance costs due to additional wagon (fuel tender). 


Other operating cost elements such as staff costs, overhead costs, infrastructure 


charges and etc. would be status quo since changing fuel would not affect them. Operating 


income is not considered in PCA; only operating costs of locomotives. 


6.1.4 Cost calculation 


Before starting explanation of cost calculation for PCA analysis, it is important to 


mention that the preliminary operating cost structure for diesel engines in Norway was 


received from Jernbaneverket; however, author changed a few parameters such as 


investment costs, fuel prices, depreciation period for natural-gas fuelled locomotives (from 


20 to 30 years based on Floden (2011) research), to more precise values. The explanation 


of changed cost parameters is given below.  


 


Investment costs 


Hubert, CEO of VIS Systems, gave the current price for diesel locomotive in 


European market and the possible price for LNG-fuelled locomotive with fuel tender that 


costs around 0,5 mln. EUR in addition. 


Table 7: Capital investment costs to locomotives and wagons 


CAPEX Type of Loco Type of Loco Type of wagon 


  Diesel Euro4000 LNG Euro4000 Sggrss104 


Price per unit in EUR  4 000 000 4 945 000 138 250 


Price per unit in NOK 34 472 000
7
 42 616 010 1 200 000 


Source: own display 


 


Fuel prices 


                                                 
7
EUR/NOK = 8,618. 







 59 


In Norway the diesel for rail engines is taxed only with one tax - Excise duty on 


emissions of NOX. Currently the tax size for railway vehicles is 19.19 NOK/kg (Toll 


Customs of Norway 2015, 55). However, it is known that at the end of year rail operators 


can get full refunding for the tax paid; therefore it could be interpreted that compared with 


road transport (where diesel fuel is fully taxed) rail operators are supported by the 


Norwegian government in the way that they do not have to pay any taxes even though 


external costs are incurred (air pollution). Also, it is not intended to say that the tax size 


should be the same as for road users; however, applying zero tax for diesel fuel strongly 


facilitates its usage in the market. This follows that with such low diesel price LNG has 


lower possibility to compete successfully with diesel fuel in Norwegian rail freight. In this 


way, the non-taxed diesel creates an entrance barrier
8
 for LNG to entry rail fuel market.  


In the analysis author uses the latest available diesel price from Norwegian Statistics 


Database (2015b). On February 15 the retail auto diesel price was 12.10 NOK/litre. 


Subtracting the 2014 taxes (fuel tax (3.82 NOK/litre) and CO2 tax (0.62 NOK/litre), and 


VAT tax the diesel costs are 4.64 NOK/litre (including distribution costs). However, the 


NOX tax must be added; therefore, the final retail diesel price for rail engines can be 


calculated in the following way: 


Table 8: Retail diesel price for rail engines in Norway 


Retail diesel price w/o taxes, NOK/l 4,64 


Emission factor, g/l diesel 17,0 


Emission factor, kg/l diesel 0,017 


NOX tax, NOK/kg emissions 19,19 


NOX tax, NOK/l 0,28 


Retail diesel price with tax, NOK/l 4,92 


Source: own compilation 


Regarding LNG prices in Norway, only wholesale prices are available. Author used 


UK NBP quotation, which is applied for LNG pricing in Northern Europe. Energy Aspects 


(2014), a research consultancy company in energy markets, stated that the average LNG 


price was 8.4 $/MMbtu in 2014 and is expected to be the same at 2015 (appendix 6).  


Currently, the difference between wholesale and retail LNG price is 100% in Norway 


(SundEnergy 2013). Therefore, the assumed retail LNG price including distribution costs 


is: 


                                                 
8
Entrance barrier – obstacle or difficult that prevents new competitors from easily entering the market. 


Barriers to entry can exist as a result of government intervention (industry regulation, special tax benefits, 


etc.) or other reasons (e.g. competitors policy) (source: Investopedia). 
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Table 9: Retail LNG price for rail engines in Norway 


LNG wholesale price w/o taxes, USD/MMBtu 8,4 


1 ton of LNG contains MMBtu 49,2
9
 


USD/ton LNG  413,28 


NOK/ton LNG  3314,51 


LNG density kg/l 0,435 


LNG wholesale price w/o taxes, NOK/l 1,44 


LNG retail price w/o taxes, NOK/l  3,00 


Source: own compilation 


Operating costs 


 


The cost structure in the rail transport industry can be divided into fixed and variable 


costs. Fixed costs are often those costs that do not depend on the travelled distance such as 


administration costs or advertising costs. In opposite variable costs can be time-dependent: 


financial costs, salary costs, vehicle taxes; or distance-dependent: fuel, maintenance, rail 


infrastructure fees (Floden 2011). In this research only the costs of operating the train are 


analysed since changing fuel would not affect the general fixed costs: administration or 


shunting costs. 


Regarding depreciation costs, PCA should assume that the cost of the investment is 


divided over its entire economic life (the latter is shorter than actual technical life of 


vehicle). For trains the usual economic life is 30 years depending on its utilization rate 


(Floden 2011).  


In cost structure the maintenance costs of locomotives and wagons were divided into 


fixed and variable. The size was taken from Floden (2011) research: 


 Locomotive: 


 Annual fixed maintenance costs per diesel/LNG engine: 400 000 NOK; 


 Variable maintenance costs for diesel/LNG loco per km: 10 NOK; 


 Wagon: 


 Annual fixed maintenance costs per wagon: 20 000 NOK; 


 Variable maintenance costs per km: 0.25 NOK. 


Diesel fuel consumption data for each additional 1000 TEU transported was taken 


from received cost structure. 


Operating LNG cost-structure is practically the same as diesel. Only these values were 


changed: 


                                                 
9
http://www.ihrdc.com/els/po-demo/module01/mod_001_03.htm 


 



http://www.ihrdc.com/els/po-demo/module01/mod_001_03.htm
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 Fuel consumption data. This was calculated by multiplying total diesel 


consumption by 1.7 factor due to difference in fuel density.  


 Increased number of wagons by 1 -> this led to the higher total maintenance 


costs for wagons (fuel tender).  


 Increased loco weight by 40 tonnes (approx. weight of filled fuel tender).  


 


Transporting costs per unit 


 


This formula was used for cpu calculation: 


 


Cost per TEU = (Annual Total Operating Costs / Annual TEU Volume) / 2 


 


It is necessary to divide by 2 since the cost per TEU is calculated to one side: Bodø – 


Trondheim. Also, after assessment of cpu the sensitivity analysis was done with different 


LNG price scenarios in order to see the price effect on cpu.  


6.2 Cost Benefit Analysis 


6.2.1 Scenarios 


The project is intended to bring benefits not only to rail operators but also to society 


in terms of lower air pollution. Therefore, it is necessary to estimate LNG technology 


social value and to see whether the project is worth of additional public investments in 


case rail operators are not able to handle the initial investments on their own.  


In CBA only two scenarios are defined: 


1. Base case scenario. The project is not implemented; however, the investments in 


two new diesel trains are made. For the sake of comparison, it is assumed that 


investments are done in year 0 -> the same as for LNG locomotives.  


2. LNG case scenario. The project is implemented where diesel fuel is switched to 


LNG. Here, rail operators expect that fuel cost savings will compensate the initial 


investments in few years whereas Norwegian government supports the project as it 


substantially contributes to lowering air pollution in the Nordland region.  


In CBA only affected cost categories are considered: investment, maintenance for 


wagons, fuel costs and social environmental costs (air pollution). Since other costs such as 


staff, locomotive maintenance costs are not affected by the fuel change – they are not 


considered in CBA analysis. Finally, it is assumed that fuel change would not affect 


operating revenues (demand); therefore, in CBA the value of those, for simplicity reasons, 


is assumed to be zero. 
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It is obvious that in both cases negative cash flows are generated (NPV as well); but it 


does not mean that companies are in financial loss (since revenues are not considered). It is 


simply done in order to compare NPV values between base and alternative cases in simpler 


way. The more negative NPV value means lower cost advantage/lower profitability 


compared with another case.  


Also, CBA should indicate the relative cost advantage of using different type of 


locomotives. These cumulative cost savings are important in the analysis because it can 


show in how many years the difference in investment costs of trains can be repaid back. 


6.2.2 Assumptions 


These assumptions were made in CBA: 


 Rail operators use only their own financial capital for purchasing 


locomotives. No EU funds or government subsidies are included into analysis. 


 Rail operators have to purchase two locomotives in year 0 in order to 


replace out of service locomotives. Therefore, the investments have to be made 


anyway. 


 Depreciation period for locomotive and wagon is 30 years (Floden, 2011). 


 The demand for cargo transportation is not affected by the type of fuel used. 


The value of revenues is, for simplicity, assumed to be zero. 


 The annual cargo transportation is 30 000 TEU per year given max train 


length 390 meters in the meeting area. To satisfy this demand two trains with 15 


wagons per train per day are considered.  


  Social discount rate is 4.0% (Detkongeligefinansdepartement 2014) and 


project evaluation period is 30 years (locomotive depreciation period). 


 No difference between engine performance, reliability and efficiency. 


 The fuel distributor has enough capacity to meet increased LNG demand 


from rail operators. There is no change in the fuel distributor’s profit margin after 


project implementation. 


6.2.3 Impacts 


In research the simplistic version of CBA is applied where only the most important 


impacts and beneficiary groups are analysed.  


The following table depicts the project beneficiaries and the impacts: 
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Table 10: Direct and indirect beneficiaries of the project 


 Direct beneficiaries Indirect beneficiaries 


The group of beneficiaries Rail freight operators Local people living in 


the Nordland Region 


The impact of project on the 


specified group of 


beneficiaries 


Increased operating income due to 


fuel cost savings, and better 


environmental performance. 


Reduced local air 


pollution 


Source: own display 


Also, two additional groups of direct beneficiaries could be distinguished in addition 


to rail freight operators: 


1. Customers of rail operators. If fuel cost savings would be substantial, rail 


operators might be able to reduce the tariff of cargo transported -> this would 


increase the demand for rail operators and at the same time would benefit 


customers in lower costs of cargo transportation.  


2. The fuel distributor of LNG. The demand for LNG would increase and with 


it the profit even though some investments into new trucks or storage tank 


would be necessary to do.  


However, the benefits for these two groups are not included into CBA since it requires 


additional data (rail operators’ revenues, distributor’s financial data) that is not available 


for this research. Another thing is that it would be difficult to estimate the decrease of tariff 


or the distributor’s increase of profit margin -> another study should be made. As a result, 


the assumptions for this research were made that (1) the demand is irrespective to fuel 


used; (2) there is no change in distributor’s profit margin after project implementation. 


Finally, it is assumed that the size of monetized benefits and costs would stay the 


same over the project appraisal period (modifying it would include too much speculation). 


The inflation is not included into CBA.  


6.2.4 Cost calculation 


6.2.4.1 Costs 


The initial payment that is done in year 0 is: 


 2 Diesel locomotives – 68 944 000 NOK. 


 2 LNG locomotives – 85 232 020 NOK. 


Fuel consumption data and maintenance costs are taken from PCA analysis. The 


assumed annual transported volume by both rail operators on the Nordland Line is 30 000 


TEU.  


Regarding fuel prices, these values are used: 
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 Retail diesel price equal to 4.64 NOK/litre without NOX excise tax. Tax cannot 


be used since local air emissions are monetized and assessed separately in 


CBA (avoid duplication problem). 


 Retail LNG price is the same as in PCA 3.00 NOK/litre without taxes. 


6.2.4.2 Emissions 


European Chemical Industry Council and the European Chemical Transport 


Association (ECTA & CEFIC) (2011) have presented a good methodology for calculation 


environmental emissions. There are two approaches to do that: 


1. Activity – based approach. It is recommended for companies who do not have 


direct access to fuel consumption data. The formula is: 


Tonnes CO2 emissions = tonnes * km * g CO2 per tonne-km  


2. Energy – based approach. It recommended for transport companies that record fuel 


consumption and employ standard emission conversion factors. The formula is: 


Tonnes CO2 emissions = litres* kg CO2 per litre fuel / 1.000 


In research the energy-based approach is used since fuel consumption data is given. 


Regarding other pollutants such as NOX, PM10 and SO2 the formula is the same. 


 


Emission and shadow prices 


Emission factor depends on many variables such as load factor, the energy efficiency 


of the vehicle, the carbon intensity of the energy source and etc. The author does not 


calculate the exact emission factors for diesel trains on the Nordland Line but instead takes 


the indicators from Floden (2011) research done on the same diesel Euro4000 engine 


estimations in the Sweden rail industry.  


In order to ascertain the value of environmental costs, it is necessary to use shadow 


prices, which would represent the monetary values for annual emissions. The shadow 


prices used in this study are taken from the research done by the Institute of Transport 


Economics of Norway (2010). 


Table 11: Emission factors and shadow prices for diesel trains 


Parameters Unit CO2 NOX PM10 S02 


Emission factor g/l 2 538 17,0 0,42 0,41 


Shadow price NOK/kg 0,21 50,00 440,00 25,00 


Source: author based on Floden (2011) and TOI (2010) 
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Moreover, it is important to mention that shadow prices are not fixed and might 


depend on many factors with the most important – economic cycle of the country or 


region. The shadow prices used in research are the latest indicators evaluated by TOI in 


Norway. 


LNG Emissions 


There is little information available about LNG fuel emission factors since the testing 


of locomotives has just recently started in US. Moreover, the information is confidential. 


However, it was found that Canadian Railway Inc. after testing LNG-fuelled locomotives 


confirmed the emission reduction of NOX by 70% and CO2 by 30% (the measurement unit 


was not stated) compared with the diesel-fuelled locomotives on 482 km distance. Of 


course, these values might slightly change on different route with different parameters (e.g. 


higher gradient, load factor) but in general the reduction of CO2 and NOX emissions by 


similar per cent was also confirmed in road and marine segment after LNG 


implementation. For instance, Joint Transportation Committee (2012) gives the following 


emission evaluation indicators for marine diesel oil and LNG in their report about LNG-


fuelled ferries in Washington: 


Table 12: LNG Emission comparison 


(g/kWh) 


Fuel type Sulphur 


Oxide 


Nitrous 


Oxide 


Particulate 


Matter 


Carbon 


dioxide 


Marine ultra low 


sulphur diesel oil, 0.1% 
0,4 8-11 1,5 580-630 


LNG 0 2 0 430-482 
Source: Joint Transportation Committee 2012, 11. 


It can be noticed that emissions of nitrous oxide and carbon dioxide are reduced by 


similar percentage (75% and 25-30% respectively) as was noted in Canadian Railway 


report.  


Regarding PM and SOX emissions, LNG fuel does not contain them and this was 


stated both in the report of Baltic Transport Journal (2011) after testing LNG in ships (see 


section 4.4.2) and by Joint Transportation Committee (2012) (table 12). 


For this research, the above findings about environmental emissions of diesel and 


LNG fuel are used in cost benefit analysis.  
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7.0 ANALYSIS RESULTS 


7.1 Production Cost Analysis 
As it was mentioned before, PCA as a methodological tool is applied in order to 


assess the impact of LNG fuel on the rail operator’s cost structure. The analysis is intended 


to reveal whether the rail operator benefits more from investing to natural gas fuelled 


locomotive compared with diesel train. The main decision criterion is the value of 


transportation cost per unit.  


The operating cost structure for diesel and LNG locomotives is shown in appendix 7. 


Included cost elements are those directly related with the rail freight service production. 


All values are annual and in NOK currency. Also, in appendix 7 the general table 


summarizing total operating costs and transportation cost per unit is shown.  


PCA analysis revealed several points: 


The more volume is transported, the lower cost per TEU. This is closely related with 


economies of scale when the cost per unit is dropping with increasing production due to 


spread of fixed costs over more output units (figure 14). From 17000 TEU there is a slight 


increase of cost per TEU for both fuels because the second train is added (one train can 


take max 17000 TEU based on received data from Jernbaneverket). However, it can be 


seen (figure 14) that further with more cargo transported the cost per TEU is dropping 


again.  


CAPEX including reserve (locomotive) is higher for LNG than for diesel locomotives 


by 1,2 mln. NOK (the investment cost per year). 


Diesel price (4.92 NOK/litre) is too low to make LNG price (3 NOK/litre) 


competitive for rail operator. Fuel ratio is 1.7; therefore, the energy costs for LNG exceed 


diesel fuel costs by approximately 6% at the given price levels.  


The maintenance costs per LNG train are also higher by 134 thousand NOK each year 


(or 3,3%) compared with diesel fuel due to additional maintenance for a fuel tender.  


As a result, the final transportation costs per TEU using LNG fuel are slightly higher 


(around 5%-6%) than using diesel fuel at the given price levels. Gradual increase of cargo 


volume transported reduces the difference of cost per unit (cpu); however, only in small 


percentage. This is depicted in the table 13 and figure 14.  


Price of the fuel is the most sensitive indicator. Other factors determining faster 


repayment of LNG such as lower maintenance costs or distance have smaller effect 


compared with the price of fuels. 
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Overall, it could be implied that on status quo conditions the rail operator is better of 


choosing diesel locomotive than natural gas fuelled locomotive with currently existing fuel 


prices in the market. In addition, the listed disadvantages and risks in the SWOT matrix 


make LNG even less attractive compared with diesel fuel. Finally, differently from 


shipping sector, environmental regulations do not exist for rail freight transport. This leads 


to very low motivation to go for LNG fuel purely based on better environmental 


performance. It must be agreed that the most important factor for rail operators is fuel 


costs which currently would be higher for LNG fuel than for diesel fuel at the given price 


levels in the market.  


Finally, this situation is very sensitive to the change of price differential of fuels that 


may alter the picture to different perspective. This is done by sensitivity analysis that 


shows the different scenarios when fuel prices are changing.  
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Figure 14: Cost per TEU using different fuels (Source: own display) 
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Table 13: Cost per TEU using different fuels 


Case scenario Units 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 


Diesel NOK/TEU 12 157 6 137 4 128 3 123 2 519 2 116 1 827 1 610 1 441 1 306 


LNG NOK/TEU 13 018 6 567 4 415 3 338 2 692 2 260 1 951 1 719 1 538 1 393 


Price difference % 107,1% 107,0% 107,0% 106,9% 106,9% 106,8% 106,8% 106,7% 106,7% 106,7% 


 


Case scenario Units 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 


Diesel NOK/TEU 1 195 1 103 1 024 957 898 847 801 1 194 1 136 1 084 


LNG NOK/TEU 1 274 1 175 1 091 1 019 957 902 853 1 256 1 195 1 140 


Price diff. % 106,6% 106,6% 106,6% 106,5% 106,5% 106,5% 106,5% 105,2% 105,2% 105,2% 


 


Case scenario Units 21000 22000 23000 24000 25000 26000 27000 28000 29000 30000 


Diesel NOK/TEU 1 036 993 953 917 884 853 824 798 773 750 


LNG NOK/TEU 1 090 1 044 1 002 964 929 896 866 838 812 788 


Price diff. % 105,2% 105,1% 105,1% 105,1% 105,1% 105,1% 105,1% 105,1% 105,1% 105,1% 


Source: own display 
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7.1.1 Sensitivity Analysis 


Before turning into sensitivity analysis, it is obligatory to determine what is the break-


even price for LNG fuel given the currently existing diesel price 4.92 NOK/litre. Break-


even price intersects at the point where total costs of operating LNG locomotive are equal 


to the total costs of operating diesel locomotive.  


In this case the break-even price for LNG is 2,36 NOK/litre other costs staying status 


quo (figure 15). 


 


Figure 15: Break-even price for LNG fuel (Source: own display) 


Or, in other words, LNG break-even price has to be around 52% lower in order to 


equalize the costs, and, this is quite difficult to achieve given the higher European natural 


gas prices and additional distribution costs incurred in Norway.  The diesel price must be 


higher in order LNG could successfully compete with diesel fuel. 


Below the break-even point the rail operator accumulates financial savings by 


operating LNG train compared with diesel. It becomes cheaper to switch to LNG fuel than 


leave the diesel fuel when LNG price is lower than 2,36 NOK/litre. 


Figure 16 illustrates the financial surplus based on different LNG price (from 1 


NOK/litre to 7 NOK/litre) while other conditions (including diesel price) stay status quo. It 


can be seen that rail operator could save 3,7 mln. NOK per train each year when LNG 


price is 1 NOK/litre; and 0,988 mln. NOK per train when LNG price reaches 2 NOK/litre. 


However, when LNG prices are higher than 2,36 NOK/litre rail operator incurs financial 


loss by operating LNG locomotive.  
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Figure 16: Cost savings based on different LNG prices (Source: own display) 


The similar effect is also shown on transportation cost per TEU with different LNG 


prices. The table below indicates that only with LNG prices till 2,36 is cheaper to transport 


one TEU with LNG train compared with diesel counterpart.  


Table 14: Cost per TEU based on different LNG price scenarios 


LNG price NOK/l LNG NOK/TEU Diesel NOK/TEU Difference, % 


1 691 801 13,7% 


2 772 801 3,6% 


3 853 801 -6,5% 


4 934 801 -16,6% 


5 1 015 801 -26,7% 


6 1 096 801 -36,7% 


7 1 177 801 -46,8% 


Source: own display 


The main reasons of lower LNG profitability in Norwegian rail freight setting are 


related with too high CAPEX per locomotive and competitive diesel price that puts very 


low price ceiling for LNG. The latter means that there is limited space for LNG price 


fluctuation especially when rail operator needs 1,7 times more fuel compared with diesel 


to achieve the same travelled distance. Another thing is also related with limited market 


potential for LNG on the Nordland Line. Currently, only 12 departures per week are done 


with 729 km to one side; therefore, the investments into new trains would repay back 


much slower. For instance, in US where distances are 2500 km to one side and wholesale 


LNG prices are till 1 NOK/litre the accumulated effect of fuel cost savings each year 


becomes strong and visible in the beginning ensuring fast repayment of investments. In 
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addition, the costs of diesel or LNG locomotives are at least 1,5-2 times lower in US 


compared with Europe due to much bigger domestic market (economies of scale).  


Moreover, it is interesting to analyse the situation where diesel prices are gradually 


increasing (from 0% till 50%), or the situation, where diesel is taxed like in road sector 


(without VAT). In the latter case the price increase should be 90% from the current level. 


LNG price is fixed on 3 NOK/litre. It must be mentioned that the increase of current diesel 


prices is realistic since crude oil prices from the last year fell by approx. 50%; therefore, 


diesel prices remain low in most of the markets. Like it was mentioned before, the price 


level to keep crude oil production at sustainable rates is around 83-93 $/barrel. In addition, 


one must also bear in mind that crude oil resources are finite leading to the gradual 


increase of diesel prices in the long term until it reach a point where no longer would be 


profitable to use diesel fuel.  


The table below indicates the effect of the changing diesel prices on cpu: 


Table 15: Cost per TEU based on different diesel price scenarios 


Diesel Price Price increase   Diesel NOK/TEU LNG NOK/TEU Difference  


9,83 100% 1032 853 17,3% 


7,38 50% 917 853 6,9% 


6,88 40% 894 853 4,5% 


6,39 30% 871 853 2,0% 


5,90 20% 847 853 -0,7% 


5,41 10% 824 853 -3,5% 


4,92 0% 801 853 -6,5% 


Source: own display 


In this case scenario it can be seen that 20% increase of diesel price from current level 


would make rail operator indifferent which fuel to use whereas 30% or higher percentage 


increase of prices would incentivize to switch to LNG much strongly than now. It also 


follows that in future LNG has a real potential to become a serious competitor for diesel 


fuel in the Norwegian rail industry if the market forces would push diesel prices upwards 


and LNG prices would sustain at the current low levels.  


Finally, if diesel would be taxed in the way road transport users are taxed the rail 


operator could operate the natural gas fuelled locomotive profitably till 5 NOK/litre. Of 


course, the author does not recommend taxing diesel fuel in the same manner as it is done 


in road transport since this would lower the rail freight competition substantially in the 


cargo transportation market. However, what is intended to imply that if in the mid- or long 


term Norwegian government would have incentives to use cheaper and cleaner LNG fuel 


instead of diesel one of the first ways would be to reconsider the taxation of diesel fuel. 
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This situation is not so far unrealistic if diesel prices would start increasing globally and 


government would see that it is getting too expensive to ease the tax burden for rail freight 


operators.  


To sum up the results of PCA, it can be stated that today rail operator would be better 


of investing to the same diesel locomotive than LNG one based on the given price levels 


and the disadvantages and risks distinguished in the SWOT matrix. For instance, not 


existing regulatory environment (that would support a change to LNG fuels) or risk for 


lower engine pulling capacity over mountains (lower fuel efficiency) would add its weight 


to rail operator’s decision. Finally, a rail operator does not pay taxes for diesel fuel (except 


NOX that can be fully returned), neither environmental regulations exist limiting the 


emissions like it is in shipping sector. However, this may be true for short-term period but 


not necessarily for long-term period (after 7-10 years) when efficient NG engines would 


be commercialised, LNG refuelling infrastructure fully developed and price differential 


become sufficiently high to justify investments.  


Another point is related with environmental effectiveness of LNG. Rail operators 


might not be too much concerned about this (no regulations exist); however local people – 


yes. One of the government’s duties is to ensure clean environment for its citizens by 


adopting environmentally friendly technologies or clean energy solutions. LNG in general 


is regarded as a cleaner fuel than diesel. In fuel combustion stage it emits lower harmful 


substances than diesel does. Therefore, when assessing the project it is necessary to have a 


broader perspective and include third parties interests as well.  This is done with CBA 


analysis in the next subsection.  


7.2 Cost Benefit Analysis 
As it was mentioned before, two case scenarios are considered in CBA. Base case 


where rail operator chooses to invest into diesel locomotives, alternative case where LNG 


locomotives are purchased.  Differently from PCA, additional social environmental costs 


are included (appendix 8) and together with all other affected operating costs, they are 


discounted in 30 years period. The results of CBA are shown below and in appendix 9. 
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Table 16: CBA results (Source: own display) 


Year Units 0 1 2 3 … 30 Total Budget 


Base Case                 


Projected Costs for Diesel Loco                  


Investments NOK 68 944 000 0 0 0 0 0 68 944 000 


Maintenance costs NOK 0 7 445 310 7 445 310 7 445 310 … 7 445 310 223 359 300 


Fuel costs NOK 0 14 219 868 14 219 868 14 219 868 … 14 219 868 426 596 032 


Social economic costs NOK 0 4 836 073 4 836 073 4 836 073 … 4 836 073 145 082 184 


Total costs NOK 68 944 000 26 501 251 26 501 251 26 501 251 … 26 501 251 863 981 516 


Projected Revenues NOK 0 0 0 0 0 0 0 


Cash Flow NOK -68 944 000 -26 501 251 -26 501 251 -26 501 251 … -26 501 251 -863 981 516 


Discounted Cash Flow NOK -68 944 000 -25 481 972 -24 501 896 -23 559 515 … -8 170 830 -527 204 507 


NPV (4,0%) NOK -527 204 507             


Alternative Project                  


Projected Costs for LNG Loco                  


Investments NOK 85 232 020 0 0 0 0 0 85 232 020 


Maintenance costs NOK 0 7 693 487 7 693 487 7 693 487 … 7 693 487 230 804 610 


Fuel costs NOK 0 15 879 132 15 879 132 15 879 132 … 15 879 132 476 373 952 


Social economic costs NOK 0 1 924 849 1 924 849 1 924 849 … 1 924 849 57 745 473 


Total costs NOK 85 232 020 25 497 468 25 497 468 25 497 468 … 25 497 468 850 156 055 


Projected Revenues NOK 0 0 0 0 0 0 0 


Cash Flow NOK -85 232 020 -25 497 468 -25 497 468 -25 497 468 … -25 497 468 -850 156 055 


Discounted Cash Flow NOK -85 232 020 -24 516 796 -23 573 842 -22 667 156 … -7 861 345 -526 135 083 


NPV (4,0%) NOK -526 135 083             


Financial Metrics                 


Reduction in OPEX costs  %   3,8% 3,8% 3,8% 3,8% 3,8%   


Benefits Cash Flow NOK -16 288 020 1 003 783 1 003 783 1 003 783 … 1 003 783 13 825 461 


Discounted Benefits Cash Flow NOK -16 288 020 965 176 928 054 892 359 … 309 485  1 069 424     


Cumulative Discounted Benefits 


Cash Flow NOK -16 288 020 -15 322 844 -14 394 791 -13 502 432 … 1 069 424 
  


Net Present Value (4,0%) NOK 1 069 424 


     


  


Economic Rate of Return % 1% 


     


  


Breakeven  years 26,7             
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It can be seen that: 


 NPV value of Base case is -527 204 507 NOK; and 


 NPV value of LNG case is -526 135 083 NOK at the given price levels. 


The cost advantage of LNG locomotives compared with diesel trains is marginal at 


the given fuel price levels. And this advantage is only due to external environmental costs, 


which for rail operator are not so important, but for society yes. It also can be seen that 


with such fuel prices in the market fuel cost savings would be negative, and maintenance 


costs higher for LNG case. In addition, CAPEX is also too high for LNG. 


Overall, since the difference between NPV values is small and breakeven in years 


(when the difference of investments are fully recovered) would reach more than 26 years it 


can be doubted that rail operators would choose to invest into LNG locomotives on their 


own decision (especially when they do not pay for environmental costs). From society’s 


point of view, as long as diesel price will continue to be very low the motivation to switch 


at the given price levels will also stay low even though NPV value for LNG case is slightly 


higher than for diesel case. The difference of environmental costs (2.9 mln. NOK) is not 


high enough in order to accelerate faster repayment of initial investments.  This is because 


currently used diesel-electric engines (EURO4000) on the Nordland Line are much more 


fuel efficient than they were before complying with Stage III A and III B European 


emission regulations.  


After computing the main CBA indicators in the current market setting the next step is 


to perform sensitivity analysis. The most sensitive indicators like in PCA analysis are fuel 


prices that determine fuel cost savings per year. Other chosen indicators are CAPEX and 


maintenance costs for LNG-fuelled locomotives, and shadow price for CO2 emissions (the 


quantity of other emitted air pollutants is much smaller compared with CO2; therefore, 


they are not included into analysis). These indicators are the main ones influencing the 


economy of LNG fuel, and their values are not certain in future.  


7.2.1 Sensitivity Analysis 


Sensitivity analysis is intended to show the most sensitive indicators for investments 


and in this way reveal how large the risks of a project are if some assumptions are 


changed. The decision taker must take into account the most critical variables of the 


investments; follow their future forecasts and changes before and during the project 


implementation.  


These indicators are selected for sensitivity analysis: 
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 Diesel fuel price; 


 LNG fuel price; 


 CO2 shadow price; 


 Investments for LNG-fuelled locomotives; 


 Maintenance costs for LNG-fuelled locomotives; 


Also, like in primary CBA, it is assumed that rail operator has to purchase 2 


locomotives in the short term to replace the old ones; therefore only the difference of train 


investment costs must be repaid back. 


The results are presented in the following tables 17-21.  


The most critical variables for NPV values of diesel and LNG cases as it was 


expected are fuel prices. With the change of fuel prices +/-15 %, the value of NPV changes 


+42/-40 mln. NOK.  


Table 17 also illustrates that even a small increase of diesel price (10%) already gives 


a stronger motivation towards LNG fuel. In PCA analysis only 30% increase of diesel 


price from current levels (4.92 NOK/litre) was meaningful for rail operator to consider the 


purchase of LNG locomotives now in necessity to replace the old ones. This difference 


happens due to inclusion of environmental costs into CBA analysis, which are much lower 


for LNG than for diesel fuel.  


From another point of view, table 18 shows a high sensitivity of LNG prices on NPV 


values as well. A small change of price can alter the picture significantly. For instance, 


10% decrease of LNG price would increase the difference of NPV value to 28,5 mln. 


NOK. 


Therefore, both tables 17 and 18 illustrate a very high risk of changing fuel prices on 


project’s cash flows (that affect final NPV and ERR values).   


Another critical indicator for project’s NPV value is maintenance costs for LNG-


fuelled locomotives. A change of those costs +/-15 % influences the range of the 


difference in NPV values +21/-19 mln. NOK. This indicator is also expected since 


maintenance costs (for wagons) are the second biggest cost element (after fuel costs) that 


is affected by the fuel change.  
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Table 17: Effect of diesel price change on NPV 


 
-15% -10% -5% 0% 5% 10% 15% 


LNG NPV -526 135 083 -526 135 083 -526 135 083 -526 135 083 -526 135 083 -526 135 083 -526 135 083 


Diesel NPV -490 320 943 -502 615 464 -514 909 986 -527 204 507 -539 499 028 -551 793 550 -564 088 071 


Difference in NPV -35 814 140 -23 519 619 -11 225 097 1 069 424 13 363 945 25 658 467 37 952 988 


 
Table 18: Effect of LNG price change on NPV 


 


-15% -10% -5% 0% 5% 10% 15% 


LNG NPV -484 947 712 -498 676 835 -512 405 959 -526 135 083 -539 864 207 -553 593 330 -567 322 454 


Diesel NPV -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 


Difference in NPV 42 256 795 28 527 671 14 798 548 1 069 424 -12 659 700 -26 388 824 -40 117 947 


 
Table 19: Effect of CO2 shadow price change on NPV 


 


-15% -10% -5% 0% 5% 10% 15% 


LNG NPV -523 169 406 -524 157 965 -525 146 524 -526 135 083 -527 123 642 -528 112 201 -529 100 760 


Diesel NPV -522 967 825 -524 380 053 -525 792 280 -527 204 507 -528 616 734 -530 028 961 -531 441 188 


Difference in NPV -201 580 222 088 645 756 1 069 424 1 493 092 1 916 760 2 340 428 


 
Table 20: Effect of LNG investments change on NPV 


 


-15% -10% -5% 0% 5% 10% 15% 


LNG NPV -513 350 280 -517 611 881 -521 873 482 -526 135 083 -530 396 684 -534 658 285 -538 919 886 


Diesel NPV -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 


Difference in NPV 13 854 227 9 592 626 5 331 025 1 069 424 -3 192 177 -7 453 778 -11 715 379 


 
Table 21: Effect of LNG maintenance costs on NPV 


 


-15% -10% -5% 0% 5% 10% 15% 


LNG NPV -506 179 678 -512 831 480 -519 483 281 -526 135 083 -532 786 885 -539 438 686 -546 090 488 


Diesel NPV -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 -527 204 507 


Difference in NPV 21 024 829 14 373 027 7 721 226 1 069 424 -5 582 378 -12 234 179 -18 885 981 
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Project’s NPV value is also sensitive to the change of investments size to LNG-


powered locomotives (it can positively or negatively affect the final result) (table 20). 


Whereas CO2 shadow price is the least sensitive variable compared with other analysed 


indicators (table 19). Its change does not strongly influence the project’s NPV value.  


For illustrative reasons different diesel price scenarios are shown (table 22) in order to 


graphically demonstrate the repayment of investments difference in loco costs (16,3 mln. 


NOK) (not full LNG train costs). Figure 17 depicts how strongly diesel fuel price can 


determine the attractiveness of the LNG locomotives. For instance, a 5% decrease of diesel 


price (alternative 1) would not repay investments difference in 30 years period; while a 5% 


increase can shorten the repayment to 12 years when environmental costs are included. 


Such high fuel price sensitivity (both diesel and LNG) implies that: 


1. LNG fuel can be very attractive alternative to diesel fuel since even a small 


increase of diesel price (10% from current levels) makes financially justified to 


invest to LNG locomotives rather than buy diesel trains from society’s 


perspective. 


2. From another point of view, putting the LNG future just on fuel prices is a big 


weakness for the project. Its price change can positively or negatively affect the 


repayment of investments; therefore, rail operators would require a much higher 


price differential of fuel prices in order to go on LNG from financial perspective. 


It is believed that the natural gas-to-diesel price ratio should be at least twice 


(LNG 3.00 NOK/litre, diesel 6.00 NOK/litre). In addition, the sufficient price 


differential has to be guaranteed for investors; otherwise, it is doubtful that they 


would take a high fuel price risk of the project.  


Overall, the sensitivity analysis revealed that the most critical variables for the LNG 


project are fuel prices. In addition, the decision taker has to follow the change of 


investments and maintenance costs for LNG trains compared with diesel locomotives.
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Table 22: Different diesel price scenarios (own display) 


Scenarios Increase % Diesel price NOK/l LNG price NOK/l 


Base case  0% 4,64 3,00 


Alternative 1 -5% 4,41 3,00 


Alternative 2 5% 4,87 3,00 


Alternative 3 10% 5,10 3,00 


 


 


Figure 17: Difference in loco costs repayment analysis based on different diesel price scenarios (own display)
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7.3 Discussion 
In future LNG as a transportation fuel can have big commercial opportunities in 


global transportation sector. However its potential differs among transport sectors and 


countries depending on many successful parameters such as domestic recourses, price, 


regulations, policy or market potential. The main advantage of LNG is its ability to reduce 


local air pollution and in some cases to offer a higher cost advantage compared with oil-


based fuels. 


In Norway LNG was already successfully tried in the short sea shipping sector. The 


bunker costs were reduced as well as very harmful NOX and SO2 emissions. With this 


success, other transport sectors – road and rail transport – felt a motivation at least to make 


the first analysis assessing LNG opportunities for them.  


Norwegian railway lines are mostly electrified; however, still two lines are based on 


diesel traction. The longest one – Nordland Line (729 km) – was assessed in the research.  


The empirical analysis showed two different perspectives towards LNG fuel: from rail 


operators’ (PCA) and from society’s point of view (CBA).  


PCA revealed that with current fuel price levels in the market it would be more 


expensive to operate LNG-fuelled locomotive than diesel train by 5%-6% due to higher 


CAPEX for LNG technology, maintenance costs and the absence of fuel cost savings (rail 


operator needs 1,7 times more LNG fuel than diesel fuel, and current price gap is too 


small). The sensitivity analysis for PCA also showed that rail operator could operate 


cheaper LNG locomotive than diesel one if diesel prices increase by at least 30% (6.4 


NOK) with remaining LNG prices at 3.00 NOK/litre levels. With current diesel price the 


break-even LNG price is 2.36 NOK/litre, which is very low taking into account that the 


difference between wholesale and retail LNG prices in Norway is approx. 100%. 


The results of CBA analysis indicated that even though NPV value for LNG case is 


slightly higher than for diesel case (due to inclusion of environmental costs), still the 


evidence would be too weak to convince rail operators and politicians to go for LNG at the 


given fuel price levels in the market. It is believed that the price differential needs to be 


higher because the disadvantages and risks for a project (especially, fuel price risk) are 


substantial and not easily to be reduced. 


In any case it could be stated that LNG faces an entrance barrier to the fuel market 


because currently rail operators do not need to pay any fuel taxes even though the 
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environmental costs are incurred (road transport is fully taxed). As a result, diesel price is 


too low to make LNG an attractive fuel solution.  


Another crucial point is that differently from shipping sector where environmental 


regulations are strict, there are no such environmental incentives in the rail market to move 


towards environmentally friendly fuel. Currently, no regulations exist; no taxes have to be 


paid. This weakens LNG fuel advantage considerable in the light of diesel fuel. Therefore, 


the fuel price becomes the major influencing factor towards the change in the rail freight 


industry of Norway. And this is not very good circumstance if the politicians responsible 


for Norwegian rail transport would decide to facilitate the adoption of LNG technology. 


Environmental incentives in the rail freight market need to be created in order to 


strengthen LNG position. The price factor cannot be the only convincing factor since the 


price gap is not guaranteed to stay sufficient for a long term. Also, if government would 


support LNG change it should reconsider the taxation of diesel fuel. It would simply be not 


logical to support diesel and LNG fuel usage at the same time.  


The decision towards the right policy for fuel in not electrified railway lines has to be 


made in the short term; however, its effects on the industry will be long term. Rail projects 


are capital-intensive and the depreciation period is around 30 years. Therefore, it is very 


crucial to decide how to shape the Norwegian rail fuel market – to go gradually on 


environmentally friendly fuel LNG or leave diesel fuel. 


Even though, SWOT analysis and PCA showed that LNG technology is not feasible 


in the short term, there are many positive signs that could facilitate LNG technology 


adoption in future. Norway has abundant recourses of natural gas as well as already 


existing upstream supply infrastructure. Even downstream distribution network is 


developing year by year. In the long-term diesel prices (10-15 years) are intended to 


increase twice (appendix 3) since the needs for fuel are increasing however the resources 


are limited. In opposite, the history for natural gas at least in the transport sector has just 


started. Prices for natural gas are expected to stay low in international gas markets in 


coming decade based on World Bank forecasts. Therefore, it is believed that LNG has 


commercial potential in Norwegian rail transport in future even though the change can 


take several decades.  


However, despite positive fuel price forecasts, still an uncertainty about the 


development of future fuel prices exists in the market complicating the process of taking 


the right decision towards the best fuel. As a result, it is difficult to say now whether the 
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implementation of LNG project should start soon or leave the open question till better 


times. 


Firstly, in order to answer the question, more detailed research must be done as well 


as more expertise has to be employed on technical issues. This thesis is the first step to 


understand the current situation in Norwegian rail freight market and the possible 


opportunities for LNG fuel. It gives a broad picture; however, not very detailed one.  


Secondly, the answer depends very much on people’s opinion about the long-term 


development of fuel prices. Those who believe in substantial increase of diesel prices in 


the long term might better go on LNG projects today. In opposite, people who think that 


diesel price will stay at around 5-6 NOK level for coming 20 years, would better vote on 


leaving the situation on status quo conditions.  


To sum up, the topic is not easy to solve since it involves many uncertain factors (fuel 


prices, development of regulatory environment, etc.). In addition, such projects as LNG 


one are expensive, need a lot of preparation (time, capital, labour), involve many 


stakeholders (from private sector, government) and have long-term outcomes for the 


industry. A single study is simply not enough to decide; therefore, the recommendations 


are given in the further sub-section. 


7.4 Recommendations 
To finalize the decision about the possibility to adopt LNG fuel instead of diesel, the 


research must be deepened even more elaborating on different research perspectives such 


as: 


1. Technical feasibility of the LNG technology. Must be more thoroughly examined 


technical abilities of natural gas engine in comparison with diesel engine. Issues 


such as engine performance, including fuel efficiency, emissions and necessary 


maintenance need to be addressed in more detailed manner. Also, fuel tender’s 


position (on board or extra wagon) and its standardization with locomotive have 


to be examined as well.  


2. Future fuel prices. It must be consulted with companies doing forecasts on them. 


Firstly, it must be clarified the accurate retail LNG price today and, then its future 


development scenarios. The companies might also give advices how to manage 


the risk of fluctuating fuel prices (e.g. hedging).  
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3. The best supply scenarios. It must be consulted (and report done) with suppliers 


such as Barents NaturGass and Gasnor. They should give the prices and present 


their solutions regarding refuelling of locomotives.   


4. Inclusion of rail passenger transport, which would allow a higher distribution of 


fixed costs on more units.  


5. Finally, project financing sources. It is important to check whether there would be 


any possible financing sources for the project such as EU funds or national 


financial programs. 


All these issues were not addressed in detail in the thesis research limiting LNG 


potential. Therefore, if the project would be decided to continue, the preparation should 


include several more studies on the areas listed above. It is believed that then the picture 


about the LNG technology would be more complete; and decision could be done: either to 


move towards full LNG project implementation (testing stage), or wait for better times 


when the price gap would be substantial, downstream LNG refuelling infrastructure more 


developed and natural gas engines for rail industry commercialized in Europe.  


In general, it is believed that LNG has commercial opportunities in the Norwegian rail 


market in future and it should not be underestimated. And this is only good news for rail 


operators to know that they are not depended on one fuel type, which is believed to get 


more expensive after few decades. They can control this risk by analysing different fuel 


possibilities today in order to be ready for future challenges. It is important that people 


taking decisions about the future of rail sector would be open-minded and prepared for 


different future scenarios.   
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8.0 CONCLUSION AND FUTURE RESEARCH 


8.1 Conclusion 
The aim of the work was to investigate the economic advantage of LNG-technology 


in the Norwegian rail freight industry, and give the discussion/recommendations towards 


LNG fuel implementation on the Nordland Line. In order to fulfil this aim both scientific 


and empirical research was done. It revealed the main conclusions that can be formulated 


in the following way: 


1. The importance of LNG is rapidly increasing both within natural gas and global 


energy markets. The annual growth rate in trade was 7.5% during 1990-2013. The 


main reasons are related with decreased LNG supply chain costs, increased global 


energy demands, abundant worldwide recourses, increasing liberalization of 


natural gas markets, price competitiveness and environmental effectiveness. 


However, the use of LNG as a fuel in transportation is marginal. Only 1.4% of 


total gas consumption in 2012 belonged to the transport sector.  


2. In Norway LNG fuel is also used in very limited amounts since almost all 


produced LNG is exported to European markets. However, recently due to strict 


environmental regulations in shipping sector, more and more ship owners are 


turning into LNG fuel making Norway the pioneer and global leader in adopting 


LNG technology. It is generally considered that Norwegian experience in using 


LNG-fuelled vessels is successful in terms of reduced bunker price and cleaner 


environment.  


3. SWOT analysis, as the main output of various theoretical considerations about 


LNG fuel implementation in the Norwegian rail freight industry, showed that the 


main strengths and possibilities are related with fuel cost savings, environmental 


effectiveness and opportunity to better utilize and diversify domestic energy 


sources. Also, LNG is safer fuel than diesel. Regarding refuelling infrastructure, 


Norway has already developed upstream network and year-by-year is developing 


downstream chain as well.  


4. However, SWOT analysis also showed various disadvantages and risks that are 


hard to eliminate in the short time period. For instance, non-existing regulatory 


environment, low commercial practice compared with diesel, not matured engine 


technology, LNG long-term price risk and etc. Also, LNG contains less energy 


than diesel requiring 1.7 times more fuel (space and weight penalties).  
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5. Regarding LNG supply to the Nordland Line, there should not be any big 


problems. Currently, two possible fuel distributors – Barents NaturGass and 


Gasnor – already supply LNG to ships or manufacturing plants in Northern 


Norway investing into storage and distribution network.  


6. Empirical research included two analyses: one from rail operator’s perspective 


(PCA), and one from society’s viewpoint (CBA). PCA showed that with current 


market conditions (fuel prices, CAPEX into new locomotives, freight volumes) 


diesel is still more preferable than LNG. The situation gets even more 


complicated when the disadvantages and risks listed in the SWOT matrix are 


included. CBA revealed that LNG project has a marginal advantage over current 


situation for society; however, it is believed that rail operators would require a 


much higher price gap between LNG and diesel fuel (2 times) in order to take the 


risks of the project.  


7. From financial point of view the most critical variables for LNG project are fuel 


prices, investment and maintenance costs for LNG-fuelled trains. In addition, 


other challenges such as natural gas engine performance, constant fuel availability 


and refuelling infrastructure, safety and regulatory issues need to be overcome as 


well in order to unlock LNG potential in the Norwegian rail freight market.  


8. In order to make the final decision about LNG fuel potential in the Norwegian rail 


freight industry additional studies have to be made. The recommendation cannot 


be based just on this research since several areas such as technical, financial, or 


logistics, have to be analysed separately and in more detailed level. This research 


is the first major step identifying the market prospects for LNG as well as the 


main obstacles. It is strongly recommended to conduct additional analysis and 


only then to take the final decision regarding LNG project implementation.   


9. In general, LNG is believed to have commercial future in the Norwegian rail 


market as well as in the shipping sector. However, the environmental incentives 


have to be created in order LNG would compete not only on price that has a risk 


to be not sustainable factor in future. This task belongs to government in case 


they decide to move towards energy diversification in the rail freight market.  
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8.2 Future Research 
The Thesis worked to evaluate the current situation and possibilities for LNG-


technology in Norwegian rail freight market. As it was mentioned in recommendation part, 


additional analysis on technical issues, detailed forecasts on future fuel prices and the most 


optimal logistics scenario could bring additional value to the project. Also, the research 


could be extended with the analysis of rail passenger transport on the diesel traction lines. 


This would help to increase market potential for LNG.  


Further research could also address strategic issues regarding Norwegian government 


policy towards the taxation of diesel fuel for freight trains.  For instance, till what point 


(wholesale diesel price) is beneficial for government to support rail operators and not 


incentivize the fuel diversification? Since with too high diesel price, LNG might look 


much cheaper to use instead of easing tax burden for rail operators.  


Finally, another important issue would be to look into a potential government support 


for LNG technology as for maritime cases (NOX funds, investments support for ferries). 


Incentive programs would be necessary for LNG rail freight fuel adoption since the project 


would require both political will and industrial cooperation.  


Those questions are recommended for further research about LNG potential in the 


Norwegian rail market.  
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APPENDIX 


 
Appendix 1: “Research problem – current market situation towards adoption of LNG fuel” 


 


 


Source: own display 
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Appendix 2: LNG terminals in Norway  


 


 


 Source: EnergigassNorge 2015 
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Appendix 3: World Bank commodities price forecast (nominal US Dollars) (April 2015) 


 
  2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 


Crude oil, avg. spot $/bbl 104,1 96,2 53,2 57,2 61,1 65,2 69,6 74,3 79,3 84,7 90,5 96,8 103,4 


Natural gas, Europe $/mmBTU 11,8 10,1 8,5 8,6 8,8 8,9 9,1 9,2 9,4 9,5 9,7 9,8 10,0 


Natural gas, US $/mmBTU 3,7 4,4 3,0 3,2 3,5 3,8 4,1 4,4 4,8 5,2 5,6 6,0 6,5 


Crude oil, avg. spot $/mmBTU
10


 18 17 9 10 11 11 12 13 14 15 16 17 18 


Price ratio between crude oil 


and natural gas Europe 


1,52 1,64 1,08 1,15 1,20 1,26 1,32 1,39 1,45 1,54 1,61 1,70 1,78 


Source: World Bank 2015 


 


 


Source: author based on World Bank 2015 commodity price forecasts 


                                                 
10


The conversion rate is 5.8 mmBTU to barrel based on EIA reasoning (quoted in Trading Nrg 2010). 
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Comment: The table above shows that crude oil price (that mostly determines diesel price) is expected to increase from 53.2 USD/bbl in 2015 to 


103.4 USD/bbl in 2025 according to World Bank forecast. Or, in other words, crude oil prices are expected to double (+94%) in coming decade. 


Meanwhile the increase of natural gas prices in Europe should be more moderate – around +18% from 2015 to 2025.  


Using a conversion rate (5.8 mmBTU to barrel) for crude oil price, the prices of fuels can be compared directly. The above graph illustrates that diesel 


price is expected to be 1.78 times higher than natural gas price in Europe by 2025 even though currently the price gap is very small.  


As a result, based on World Bank forecasts it is expected that in future the price differential between crude oil and natural gas fuels will continue to 


grow in favour of natural gas.  
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Appendix 4: LNG terminals in Hammerfest, Bodø and Mosjøen 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


LNG Production Plant in Hammerfest   LNG Terminal in Bodø    LNG Terminal in Mosjøen 
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Appendix 5: LNG refuelling from truck to locomotive 


 


  
 


Source: HHP Insight 2013 
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Appendix 6: Global LNG prices and forecasts, $/mmBTU 


 
 


 
 


Source: Reuters, Energy Aspects 2014 December 
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Appendix 7: PCA Analysis results 1000 TEU - 30 000 TEU (own display based on received Jernbaneverket data) 


General info Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Volume (TEU) TEU 1 000 2 000 3 000 4 000 5 000 6 000 7 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 1 1 1 1 1 1 1 


Train slots per day - 2 2 2 2 2 2 2 


Volume per day TEU/day 3,2 6,4 9,6 12,8 16,0 19,2 22,4 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Train utilization per year hours/year 5 008 5 008 5 008 5 008 5 008 5 008 5 008 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 51 102 153 204 256 307 358 


Tare weight tonnes 476 476 476 476 476 476 476 


Total train weight tonnes 527 578 629 680 732 783 834 


CAPEX including reserve NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 


Total maintenance NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


Energy consumption liters 997 943 1 045 212 1 090 434 1 133 854 1 175 671 1 216 051 1 255 133 


Diesel price NOK/liter 4,92 4,92 4,92 4,92 4,92 4,92 4,92 


LNG price NOK/liter - - - - - - - 


Energy cost NOK 4 907 180 5 139 616 5 361 986 5 575 494 5 781 122 5 979 683 6 171 860 
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Wagons Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 30 30 30 30 30 30 30 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 600 000 600 000 600 000 600 000 600 000 600 000 600 000 


Var maintenance NOK 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 


Total maintenance NOK 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 


         
Staff Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Total staff cost NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


         
Total operating cost Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


CAPEX Locomotive NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Total Maintenance Locomotive NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 


Energy Cost NOK 4 907 180 5 139 616 5 361 986 5 575 494 5 781 122 5 979 683 6 171 860 


Staff NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 24 314 076 24 546 513 24 768 883 24 982 391 25 188 019 25 386 580 25 578 757 


Cost per unit NOK/TEU 12 157 6 137 4 128 3 123 2 519 2 116 1 827 
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General info Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Volume (TEU) TEU 8 000 9 000 10 000 11 000 12 000 13 000 14 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 1 1 1 1 1 1 1 


Train slots per day - 2 2 2 2 2 2 2 


Volume per day TEU/day 25,6 28,8 31,9 35,1 38,3 41,5 44,7 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Train utilization per year hours/year 5 008 5 008 5 008 5 008 5 008 5 008 5 008 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 409 460 511 562 613 665 716 


Tare weight tonnes 476 476 476 476 476 476 476 


Total train weight tonnes 885 936 987 1 038 1 089 1 141 1 192 


CAPEX including reserve NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 


Total maintenance NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


Energy consumption liters 1 293 034 1 329 855 1 365 684 1 400 597 1 434 660 1 467 933 1 500 469 


Diesel price NOK/liter 4,92 4,92 4,92 4,92 4,92 4,92 4,92 


LNG price NOK/liter - - - - - - - 


Energy cost NOK 6 358 230 6 539 292 6 715 473 6 887 149 7 054 648 7 218 261 7 378 247 
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Wagons Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 30 30 30 30 30 30 30 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 600 000 600 000 600 000 600 000 600 000 600 000 600 000 


Var maintenance NOK 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 3 422 655 


Total maintenance NOK 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 


     
0 


   
Staff Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Total staff cost NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


         
Total operating cost Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


CAPEX Locomotive NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Total Maintenance Locomotive NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 4 022 655 


Energy Cost NOK 6 358 230 6 539 292 6 715 473 6 887 149 7 054 648 7 218 261 7 378 247 


Staff NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 25 765 127 25 946 188 26 122 369 26 294 045 26 461 544 26 625 158 26 785 144 


Cost per unit NOK/TEU 1 610 1 441 1 306 1 195 1 103 1 024 957 
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General info Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Volume (TEU) TEU 15 000 16 000 17 000 18 000 19 000 20 000 21 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 1 1 1 2 2 2 2 


Train slots per day - 2 2 2 4 4 4 4 


Volume per day TEU/day 47,9 51,1 54,3 28,8 30,4 31,9 33,5 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 456 354 456 354 456 354 912 708 912 708 912 708 912 708 


Train utilization per year hours/year 5 008 5 008 5 008 10 016 10 016 10 016 10 016 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 767 818 869 460 486 511 537 


Tare weight tonnes 476 476 476 476 476 476 476 


Total train weight tonnes 1 243 1 294 1 345 936 962 987 1 013 


CAPEX including reserve NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 4 563 540 4 563 540 4 563 540 9 127 080 9 127 080 9 127 080 9 127 080 


Total maintenance NOK 5 563 540 5 563 540 5 563 540 10 127 080 10 127 080 10 127 080 10 127 080 


Energy consumption liters 1 532 313 1 563 510 1 594 096 2 659 711 2 695 778 2 731 368 2 766 501 


Diesel price NOK/liter 4,92 4,92 4,92 4,92 4,92 4,92 4,92 


LNG price NOK/liter - - - - - - - 


Energy cost NOK 7 534 837 7 688 239 7 838 639 13 078 583 13 255 935 13 430 946 13 603 705 
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Wagons Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 30 30 30 30 30 30 30 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 456 354 456 354 456 354 912 708 912 708 912 708 912 708 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 600 000 600 000 600 000 600 000 600 000 600 000 600 000 


Var maintenance NOK 3 422 655 3 422 655 3 422 655 6 845 310 6 845 310 6 845 310 6 845 310 


Total maintenance NOK 4 022 655 4 022 655 4 022 655 7 445 310 7 445 310 7 445 310 7 445 310 


         
Staff Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Total staff cost NOK 2 520 155 2 520 155 2 520 155 5 040 310 5 040 310 5 040 310 5 040 310 


         
Total operating cost Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


CAPEX Locomotive NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Total Maintenance Locomotive NOK 5 563 540 5 563 540 5 563 540 10 127 080 10 127 080 10 127 080 10 127 080 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 4 022 655 4 022 655 4 022 655 7 445 310 7 445 310 7 445 310 7 445 310 


Energy Cost NOK 7 534 837 7 688 239 7 838 639 13 078 583 13 255 935 13 430 946 13 603 705 


Staff NOK 2 520 155 2 520 155 2 520 155 5 040 310 5 040 310 5 040 310 5 040 310 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 26 941 734 27 095 135 27 245 535 42 991 830 43 169 182 43 344 192 43 516 951 


Cost per unit NOK/TEU 898 847 801 1 194 1 136 1 084 1 036 
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General info Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Volume (TEU) TEU 22 000 23 000 24 000 25 000 26 000 27 000 28 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 2 2 2 2 2 2 2 


Train slots per day - 4 4 4 4 4 4 4 


Volume per day TEU/day 35,1 36,7 38,3 39,9 41,5 43,1 44,7 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 34 472 000 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 912 708 912 708 912 708 912 708 912 708 912 708 912 708 


Train utilization per year hours/year 10 016 10 016 10 016 10 016 10 016 10 016 10 016 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 562 588 613 639 665 690 716 


Tare weight tonnes 476 476 476 476 476 476 476 


Total train weight tonnes 1 038 1 064 1 089 1 115 1 141 1 166 1 192 


CAPEX including reserve NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 


Total maintenance NOK 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 


Energy consumption liters 2 801 194 2 835 462 2 869 320 2 902 784 2 935 866 2 968 580 3 000 937 


Diesel price NOK/liter 4,92 4,92 4,92 4,92 4,92 4,92 4,92 


LNG price NOK/liter - - - - - - - 


Energy cost NOK 13 774 297 13 942 802 14 109 296 14 273 847 14 436 522 14 597 385 14 756 495 
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Wagons Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 30 30 30 30 30 30 30 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 912 708 912 708 912 708 912 708 912 708 912 708 912 708 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 600 000 600 000 600 000 600 000 600 000 600 000 600 000 


Var maintenance NOK 6 845 310 6 845 310 6 845 310 6 845 310 6 845 310 6 845 310 6 845 310 


Total maintenance NOK 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 


         
Staff Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


Total staff cost NOK 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 


         
Total operating cost Units BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase BaseCase 


CAPEX Locomotive NOK 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 5 149 461 


Total Maintenance Locomotive NOK 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 


Energy Cost NOK 13 774 297 13 942 802 14 109 296 14 273 847 14 436 522 14 597 385 14 756 495 


Staff NOK 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 43 687 544 43 856 049 44 022 542 44 187 093 44 349 769 44 510 632 44 669 741 


Cost per unit NOK/TEU 993 953 917 884 853 824 798 
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General info Units BaseCase BaseCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Volume (TEU) TEU 29 000 30 000 1 000 2 000 3 000 4 000 5 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 2 2 1 1 1 1 1 


Train slots per day - 4 4 2 2 2 2 2 


Volume per day TEU/day 46,3 47,9 3,2 6,4 9,6 12,8 16,0 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units BaseCase BaseCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 34 472 000 34 472 000 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 912 708 912 708 456 354 456 354 456 354 456 354 456 354 


Train utilization per year hours/year 10 016 10 016 5 008 5 008 5 008 5 008 5 008 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 741 767 51 102 153 204 256 


Tare weight tonnes 476 476 516 516 516 516 516 


Total train weight tonnes 1 217 1 243 567 618 669 720 772 


CAPEX including reserve NOK 5 149 461 5 149 461 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 9 127 080 9 127 080 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 


Total maintenance NOK 10 127 080 10 127 080 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


Energy consumption liters 3 032 949 3 064 627 1 759 695 1 837 291 1 911 739 1 983 396 2 052 552 


Diesel price NOK/liter 4,92 4,92 - - - - - 


LNG price NOK/liter - - 3,00 3,00 3,00 3,00 3,00 


Energy cost NOK 14 913 907 15 069 675 5 279 085 5 511 872 5 735 218 5 950 187 6 157 656 
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Wagons Units BaseCase BaseCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 30 30 31 31 31 31 31 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 912 708 912 708 456 354 456 354 456 354 456 354 456 354 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 600 000 600 000 620 000 620 000 620 000 620 000 620 000 


Var maintenance NOK 6 845 310 6 845 310 3 536 744 3 536 744 3 536 744 3 536 744 3 536 744 


Total maintenance NOK 7 445 310 7 445 310 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 


         
Staff Units BaseCase BaseCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Total staff cost NOK 5 040 310 5 040 310 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


         
Total operating cost Units BaseCase BaseCase LNGCase LNGCase LNGCase LNGCase LNGCase 


CAPEX Locomotive NOK 5 149 461 5 149 461 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Total Maintenance Locomotive NOK 10 127 080 10 127 080 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 7 445 310 7 445 310 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 


Energy Cost NOK 14 913 907 15 069 675 5 279 085 5 511 872 5 735 218 5 950 187 6 157 656 


Staff NOK 5 040 310 5 040 310 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 44 827 154 44 982 921 26 036 630 26 269 417 26 492 764 26 707 733 26 915 201 


Cost per unit NOK/TEU 773 750 13 018 6 567 4 415 3 338 2 692 
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General info Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Volume (TEU) TEU 6 000 7 000 8 000 9 000 10 000 11 000 12 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 1 1 1 1 1 1 1 


Train slots per day - 2 2 2 2 2 2 2 


Volume per day TEU/day 19,2 22,4 25,6 28,8 31,9 35,1 38,3 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Train utilization per year hours/year 5 008 5 008 5 008 5 008 5 008 5 008 5 008 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 307 358 409 460 511 562 613 


Tare weight tonnes 516 516 516 516 516 516 516 


Total train weight tonnes 823 874 925 976 1 027 1 078 1 129 


CAPEX including reserve NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 


Total maintenance NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


Energy consumption liters 2 119 453 2 184 306 2 247 288 2 308 552 2 368 232 2 426 445 2 483 293 


Diesel price NOK/liter - - - - - - - 


LNG price NOK/liter 3,00 3,00 3,00 3,00 3,00 3,00 3,00 


Energy cost NOK 6 358 359 6 552 917 6 741 863 6 925 657 7 104 697 7 279 335 7 449 880 
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Wagons Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 31 31 31 31 31 31 31 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 456 354 456 354 456 354 456 354 456 354 456 354 456 354 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 620 000 620 000 620 000 620 000 620 000 620 000 620 000 


Var maintenance NOK 3 536 744 3 536 744 3 536 744 3 536 744 3 536 744 3 536 744 3 536 744 


Total maintenance NOK 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 


         
Staff Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Total staff cost NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


         
Total operating cost Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


CAPEX Locomotive NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Total Maintenance Locomotive NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 


Energy Cost NOK 6 358 359 6 552 917 6 741 863 6 925 657 7 104 697 7 279 335 7 449 880 


Staff NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 27 115 904 27 310 462 27 499 409 27 683 202 27 862 242 28 036 880 28 207 425 


Cost per unit NOK/TEU 2 260 1 951 1 719 1 538 1 393 1 274 1 175 
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General info Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Volume (TEU) TEU 13 000 14 000 15 000 16 000 17 000 18 000 19 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 1 1 1 1 1 2 2 


Train slots per day - 2 2 2 2 2 4 4 


Volume per day TEU/day 41,5 44,7 47,9 51,1 54,3 28,8 30,4 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 456 354 456 354 456 354 456 354 456 354 912 708 912 708 


Train utilization per year hours/year 5 008 5 008 5 008 5 008 5 008 10 016 10 016 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 665 716 767 818 869 460 486 


Tare weight tonnes 516 516 516 516 516 516 516 


Total train weight tonnes 1 181 1 232 1 283 1 334 1 385 976 1 002 


CAPEX including reserve NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 4 563 540 4 563 540 4 563 540 4 563 540 4 563 540 9 127 080 9 127 080 


Total maintenance NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 10 127 080 10 127 080 


Energy consumption liters 2 538 869 2 593 254 2 646 522 2 698 738 2 749 964 4 617 104 4 677 165 


Diesel price NOK/liter - - - - - - - 


LNG price NOK/liter 3,00 3,00 3,00 3,00 3,00 3,00 3,00 


Energy cost NOK 7 616 608 7 779 763 7 939 566 8 096 215 8 249 891 13 851 313 14 031 496 
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Wagons Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 31 31 31 31 31 31 31 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 456 354 456 354 456 354 456 354 456 354 912 708 912 708 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 620 000 620 000 620 000 620 000 620 000 620 000 620 000 


Var maintenance NOK 3 536 744 3 536 744 3 536 744 3 536 744 3 536 744 7 073 487 7 073 487 


Total maintenance NOK 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 7 693 487 7 693 487 


         
Staff Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Total staff cost NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 5 040 310 5 040 310 


         
Total operating cost Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


CAPEX Locomotive NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Total Maintenance Locomotive NOK 5 563 540 5 563 540 5 563 540 5 563 540 5 563 540 10 127 080 10 127 080 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 4 156 744 4 156 744 4 156 744 4 156 744 4 156 744 7 693 487 7 693 487 


Energy Cost NOK 7 616 608 7 779 763 7 939 566 8 096 215 8 249 891 13 851 313 14 031 496 


Staff NOK 2 520 155 2 520 155 2 520 155 2 520 155 2 520 155 5 040 310 5 040 310 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 28 374 153 28 537 308 28 697 111 28 853 761 29 007 436 45 229 297 45 409 479 


Cost per unit NOK/TEU 1 091 1 019 957 902 853 1 256 1 195 
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General info Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Volume (TEU) TEU 20 000 21 000 22 000 23 000 24 000 25 000 26 000 


Train utilization per year days 313 313 313 313 313 313 313 


Average velocity km/h 50 50 50 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 729 729 729 


Trains per day and direction - 2 2 2 2 2 2 2 


Train slots per day - 4 4 4 4 4 4 4 


Volume per day TEU/day 31,9 33,5 35,1 36,7 38,3 39,9 41,5 


Loop time hours 48 48 48 48 48 48 48 


         
Locomotives Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 42 616 010 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


Train distance km/year 912 708 912 708 912 708 912 708 912 708 912 708 912 708 


Train utilization per year hours/year 10 016 10 016 10 016 10 016 10 016 10 016 10 016 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 1 400 1 400 1 400 


Load weight tonnes 511 537 562 588 613 639 665 


Tare weight tonnes 516 516 516 516 516 516 516 


Total train weight tonnes 1 027 1 053 1 078 1 104 1 129 1 155 1 181 


CAPEX including reserve NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 9 127 080 


Total maintenance NOK 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 


Energy consumption liters 4 736 465 4 795 031 4 852 890 4 910 067 4 966 587 5 022 470 5 077 738 


Diesel price NOK/liter - - - - - - - 


LNG price NOK/liter 3,00 3,00 3,00 3,00 3,00 3,00 3,00 


Energy cost NOK 14 209 394 14 385 092 14 558 669 14 730 202 14 899 760 15 067 410 15 233 215 
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Wagons Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 48 48 48 


Number of train sets units 2 2 2 2 2 2 2 


No of wagons (including reserve) units 31 31 31 31 31 31 31 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 912 708 912 708 912 708 912 708 912 708 912 708 912 708 


Interest rate % 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 620 000 620 000 620 000 620 000 620 000 620 000 620 000 


Var maintenance NOK 7 073 487 7 073 487 7 073 487 7 073 487 7 073 487 7 073 487 7 073 487 


Total maintenance NOK 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 


         
Staff Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


Total staff cost NOK 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 


         
Total operating cost Units LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase LNGCase 


CAPEX Locomotive NOK 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 6 366 021 


Total Maintenance Locomotive NOK 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 10 127 080 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 


Energy Cost NOK 14 209 394 14 385 092 14 558 669 14 730 202 14 899 760 15 067 410 15 233 215 


Staff NOK 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 5 040 310 


Infrastructure cost NOK 0 0 0 0 0 0 0 


Sum NOK 45 587 377 45 763 075 45 936 653 46 108 186 46 277 744 46 445 394 46 611 199 


Cost per unit NOK/TEU 1 140 1 090 1 044 1 002 964 929 896 
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General info Units LNGCase LNGCase LNGCase LNGCase 


Volume (TEU) TEU 27 000 28 000 29 000 30 000 


Train utilization per year days 313 313 313 313 


Average velocity km/h 50 50 50 50 


Max train length Nordland Line m 390 390 390 390 


Distance Bodø - Trondheim km 729 729 729 729 


Trains per day and direction - 2 2 2 2 


Train slots per day - 4 4 4 4 


Volume per day TEU/day 43,1 44,7 46,3 47,9 


Loop time hours 48 48 48 48 


      
Locomotives Units LNGCase LNGCase LNGCase LNGCase 


Main haul engine - Euro4000 Euro4000 Euro4000 Euro4000 


Operational engines units 2 2 2 2 


Engines including reserve units 2,5 2,5 2,5 2,5 


Investments per engine NOK/engine 42 616 010 42 616 010 42 616 010 42 616 010 


Interest rate % 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 


Train distance km/year 912 708 912 708 912 708 912 708 


Train utilization per year hours/year 10 016 10 016 10 016 10 016 


Pulling capacity tonnes 1 400 1 400 1 400 1 400 


Load weight tonnes 690 716 741 767 


Tare weight tonnes 516 516 516 516 


Total train weight tonnes 1 206 1 232 1 257 1 283 


CAPEX including reserve NOK 6 366 021 6 366 021 6 366 021 6 366 021 


Fix maintenance NOK 1 000 000 1 000 000 1 000 000 1 000 000 


Var maintenance NOK 9 127 080 9 127 080 9 127 080 9 127 080 


Total maintenance NOK 10 127 080 10 127 080 10 127 080 10 127 080 


Energy consumption liters 5 132 412 5 186 508 5 240 047 5 293 044 


Diesel price NOK/liter - - - - 


LNG price NOK/liter 3,00 3,00 3,00 3,00 


Energy cost NOK 15 397 235 15 559 525 15 720 141 15 879 132 
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Wagons Units LNGCase LNGCase LNGCase LNGCase 


Wagon model - Sggmrss104 Sggmrss104 Sggmrss104 Sggmrss104 


Loop time hours 48 48 48 48 


Number of train sets units 2 2 2 2 


No of wagons (including reserve) units 31 31 31 31 


Investment costs per wagon NOK/wagon 1 200 000 1 200 000 1 200 000 1 200 000 


Wagon distance km/year 912 708 912 708 912 708 912 708 


Interest rate % 4,5% 4,5% 4,5% 4,5% 


Depreciation period years 30 30 30 30 


CAPEX Wagons NOK 71 703 71 703 71 703 71 703 


CAPEX including reserve NOK 2 151 086 2 151 086 2 151 086 2 151 086 


Fix maintenance NOK 620 000 620 000 620 000 620 000 


Var maintenance NOK 7 073 487 7 073 487 7 073 487 7 073 487 


Total maintenance NOK 7 693 487 7 693 487 7 693 487 7 693 487 


      
Staff Units LNGCase LNGCase LNGCase LNGCase 


Total staff cost NOK 5 040 310 5 040 310 5 040 310 5 040 310 


      
Total operating cost Units LNGCase LNGCase LNGCase LNGCase 


CAPEX Locomotive NOK 6 366 021 6 366 021 6 366 021 6 366 021 


Total Maintenance Locomotive NOK 10 127 080 10 127 080 10 127 080 10 127 080 


CAPEX Wagons NOK 2 151 086 2 151 086 2 151 086 2 151 086 


Total Maintenance Wagons NOK 7 693 487 7 693 487 7 693 487 7 693 487 


Energy Cost NOK 15 397 235 15 559 525 15 720 141 15 879 132 


Staff NOK 5 040 310 5 040 310 5 040 310 5 040 310 


Infrastructure cost NOK 0 0 0 0 


Sum NOK 46 775 218 46 937 509 47 098 125 47 257 115 


Cost per unit NOK/TEU 866 838 812 788 
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Appendix 8: Diesel and LNG Emissions (own display) 


 


Emissions CO2 NOX PM10 SOX 


Fuel Diesel Diesel Diesel Diesel 


Annual demand for diesel, liters 3 064 627 3 064 627 3 064 627 3 064 627 


Emission factor, g /l diesel 2 538 17 0,42 0,41 


Annual emissions, kg 7 778 022 52 099 1 287 1 256 


Shadow price, NOK/kg emissions 0,21 50 440 25 


Environmental costs, NOK/year 1 633 385 2 604 933 566 343 31 412 


Fuel 
 LNG emits 30% less 


CO2 


 LNG emits 70% less 


NOX 


 LNG emits 100% less 


PM10 


 LNG emits 100% less 


SOX 


Environmental costs, NOK/year 1 143 369 781 480 0 0 


Total environmental costs for diesel, 


NOK/year 
4 836 073 


Total environmental costs for LNG, 


NOK/year 
1 924 849 


Total cost difference, NOK/year 2 911 224 
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Appendix 9: CBA Analysis results (own display) 


Year Units 0 1 2 3 4 5 6 7 


Base Case                   


Projected Costs for Diesel Loco                    


Investments NOK 68 944 000 0 0 0 0 0 0 0 


Maintenance costs NOK 0 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 


Fuel costs NOK 0 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 


Social economic costs NOK 0 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 


Total costs NOK 68 944 000 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -68 944 000 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 


Discounted Cash Flow NOK -68 944 000 -25 481 972 -24 501 896 -23 559 515 -22 653 380 -21 782 096 -20 944 323 -20 138 772 


NPV (4,0%) NOK -527 204 507               


Alternative Project                    


Projected Costs for LNG Loco                    


Investments NOK 85 232 020 0 0 0 0 0 0 0 


Maintenance costs NOK 0 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 


Fuel costs NOK 0 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 


Social economic costs NOK 0 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 


Total costs NOK 85 232 020 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -85 232 020 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 


Discounted Cash Flow NOK -85 232 020 -24 516 796 -23 573 842 -22 667 156 -21 795 342 -20 957 060 -20 151 019 -19 375 980 


NPV (4,0%) NOK -526 135 083               


Financial Metrics                   


Reduction in OPEX costs  %   3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 


Benefits Cash Flow NOK -16 288 020 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 


Discounted Benefits Cash Flow NOK -16 288 020 965 176 928 054 892 359 858 038 825 036 793 304 762 792 


Cumulative Discounted Benefits Cash Flow NOK -16 288 020 -15 322 844 -14 394 791 -13 502 432 -12 644 394 -11 819 358 -11 026 054 -10 263 261 


Net Present Value (4,0%) NOK 1 069 424 


Economic Rate of Return % 1% 


Breakeven  years 26,7 
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Year Units 8 9 10 11 12 13 14 15 


Base Case                   


Projected Costs for Diesel Loco                    


Investments NOK 0 0 0 0 0 0 0 0 


Maintenance costs NOK 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 


Fuel costs NOK 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 


Social economic costs NOK 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 


Total costs NOK 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 


Discounted Cash Flow NOK -19 364 204 -18 619 427 -17 903 295 -17 214 707 -16 552 603 -15 915 964 -15 303 812 -14 715 204 


Alternative Project                    


Projected Costs for LNG Loco                    


Investments NOK 0 0 0 0 0 0 0 0 


Maintenance costs NOK 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 


Fuel costs NOK 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 


Social economic costs NOK 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 


Total costs NOK 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 


Discounted Cash Flow NOK -18 630 750 -17 914 183 -17 225 176 -16 562 669 -15 925 643 -15 313 118 -14 724 152 -14 157 839 


Financial Metrics                   


Reduction in OPEX costs  % 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 


Benefits Cash Flow NOK 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 


Discounted Benefits Cash Flow NOK 733 454 705 244 678 120 652 038 626 960 602 846 579 660 557 365 


Cumulative Discounted Benefits Cash Flow NOK -9 529 807 -8 824 563 -8 146 443 -7 494 405 -6 867 445 -6 264 599 -5 684 940 -5 127 575 


 


 


 


 


 


 


 







 XXXVI 


Year Units 16 17 18 19 20 21 22 23 


Base Case                   


Projected Costs for Diesel Loco                    


Investments NOK 0 0 0 0 0 0 0 0 


Maintenance costs NOK 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 


Fuel costs NOK 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 


Social economic costs NOK 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 


Total costs NOK 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 


Discounted Cash Flow NOK -14 149 234 -13 605 033 -13 081 763 -12 578 618 -12 094 825 -11 629 639 -11 182 345 -10 752 255 


Alternative Project                    


Projected Costs for LNG Loco                    


Investments NOK 0 0 0 0 0 0 0 0 


Maintenance costs NOK 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 


Fuel costs NOK 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 


Social economic costs NOK 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 


Total costs NOK 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 


Discounted Cash Flow NOK -13 613 307 -13 089 718 -12 586 267 -12 102 180 -11 636 711 -11 189 146 -10 758 794 -10 344 994 


Financial Metrics                   


Reduction in OPEX costs  % 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 


Benefits Cash Flow NOK 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 


Discounted Benefits Cash Flow NOK 535 928 515 315 495 495 476 438 458 113 440 494 423 552 407 261 


Cumulative Discounted Benefits Cash Flow NOK -4 591 647 -4 076 332 -3 580 837 -3 104 399 -2 646 285 -2 205 792 -1 782 240 -1 374 979 
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Year Units 24 25 26 27 28 29 30 Total Budget 


Base Case                   


Projected Costs for Diesel Loco                    


Investments NOK 0 0 0 0 0 0 0 68 944 000 


Maintenance costs NOK 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 7 445 310 223 359 300 


Fuel costs NOK 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 14 219 868 426 596 032 


Social economic costs NOK 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 4 836 073 145 082 184 


Total costs NOK 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 26 501 251 863 981 516 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -26 501 251 -863 981 516 


Discounted Cash Flow NOK -10 338 707 -9 941 064 -9 558 716 -9 191 073 -8 837 570 -8 497 663 -8 170 830 -527 204 507 


Alternative Project                    


Projected Costs for LNG Loco                    


Investments NOK 0 0 0 0 0 0 0 85 232 020 


Maintenance costs NOK 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 7 693 487 230 804 610 


Fuel costs NOK 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 15 879 132 476 373 952 


Social economic costs NOK 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 1 924 849 57 745 473 


Total costs NOK 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 25 497 468 850 156 055 


Projected Revenues NOK 0 0 0 0 0 0 0 0 


Cash Flow NOK -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -25 497 468 -850 156 055 


Discounted Cash Flow NOK -9 947 110 -9 564 529 -9 196 662 -8 842 944 -8 502 831 -8 175 799 -7 861 345 -526 135 083 


Financial Metrics                   


Reduction in OPEX costs  % 3,8% 3,8% 3,8% 3,8% 3,8% 3,8% 3,8%   


Benefits Cash Flow NOK 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 1 003 783 13 825 461 


Discounted Benefits Cash Flow NOK 391 597 376 536 362 054 348 128 334 739 321 864 309 485 1 069 424 


Cumulative Discounted Benefits Cash Flow NOK -983 382 -606 846 -244 793 103 336 438 075 759 939 1 069 424   


 












JR Freight Meeting

February 12, 2020

10:30-12:30





Attendees:

Koji Nishimura, General Manager Overseas Business Office

Lindsey Constantino, US DOT/Mansfield Fellow



Introductions

· After introductions, I provided Nishimura-San with an understanding of FOIA and that information he provides may become public.



Presentation Takeaways

· Currently, the only LNG by rail transport occurs in Hokkaido – the northern most island of Japan. This operation began 2013(ish). Population of Hokkaido is 5.2 million. 

· Previously, LNG was transported from Kanazawa (population 465,000) to Niigata (population 810,000) and then onto Aomori (population (287,000). This operation began in 2000 and ended in 2015(ish) when a pipeline was built.

· LNG and other DG are not moved on separate tracks – they share the tracks with passenger rail (but not the Shinkansen – bullet train)

· Max train length is 540 meters, 26 freight cars and locomotive – for all types of freight including DG and LNG. There is no regulations on how many LNG cars in 1 train consist, usually 8-10 LNG trains depending on demand. 

· Maximum speed of trains is 110km/h – average rate is 70.5 km/h – inclusive of LNG and other DG.

· Three types of containers move LNG – 12 feet, 20 feet, and 31 feet. 12 feet is most used.

· Storage of LNG at railyards must be less than 24 hours, if that must be exceeded for weather/natural disaster reasons, a request must be made to local fire and police. 



Accidents

· No LNG accidents or deaths. JR Freight often experiences other DG accidents, for example, when transporting empty DG containers, sometimes valves are not properly shut off. 



Emergency/Natural Disaster Precautions

· In the event of heavy rain/snow train operations are suspended. If there is the possibility of train suspension, like typhoon/large storm coming, they will not load LNG or DG onto the train. 

· Earthquakes – JR Group has a rule that level of earthquake. 

· Small class earthquake – no change in policy. 

· Middle class earthquake, train controller stop all operation, and check rail track condition. After check, they can resume if okay. 

· Big class earth quake all trains immediately stop. 



Information sharing with Emergency Response

· JR freight has held meetings with firefighters to discuss their DG operations, specifically on accident response. On occasion, firefighters will join in annual training. 



Security plan requirements

· No special security requirements for LNG. Dynamite and other flammable goods, local police will check shipments on occasion. Must report shipment of flammable goods to police before transport (transport details, shipper, volume, receiver, transport route, which train number, etc).



Routing restrictions

· DG and LNG routes are pre determined and they usually do not deviate from those route.

· If LNG must be routed to another city, JR freight has to negotiate with cities (police and firefighters) for approval. 



Regulatory process for approval

· No regulations prohibiting the transport of LNG, so JR Freight did not have to go through a rulemaking process to allow for the transport of LNG. 

· JR Freight held meeting with Ministry of Land, Infrastructure, Transport and Tourism and Ministry of Economy, Trade, and Industry, explained their plan and negotiated before moving LNG by rail. There was no formal permission process in 2000.



Commodity flow 

· LNG - 10 containers per day by rail on average










 

Japan Oil Transport Company 

February 14, 2020

9:30-10:30



Attendees:

Toshiyuki Tamaki, Deputy General Manager LNG Transport Department

Tamio Nishio, Manager LNG Transport Department

Lindsey Constantino, USDOT/Mansfield Fellow



Introductions

· After introductions, provided them an understanding of FOIA and that information they provide may become public.



Company Overview

· Japan Oil Transport Company (JOT) is a private company that owns the tank cars. LNG by truck is their main business, as rail transportation is more expensive. Further, trucks can carry 15.7 tons of LNG, while JR Freight has restrictions on the size of the container, so there is only 10.5 tons of LNG in a rail container. 

· JOT has been transporting LNG for 20 years, and is the only company that owns tank cars that are used for LNG (i.e. no other competitors)

· JOT’s branch company loads and unloads the product, and transports it to the railway, and put it on the tracks, JR Freight moves it, and once it reaches its destination, JOT will move it by truck. 

· JOT transports 10,000,000 tons of LNG annually. 



Training 

· Employees are trained on the regulations, and receive a qualification to handle LNG and other hazardous materials. JOT has its own training center where they learn the operation of valves, how to handle leaks, emergencies, etc. 

· Training must be completed annually.



Security

· All LNG drivers are company staff (not part time or contract), so they need to go through the normal interview/hiring process

· All drivers have an alcohol check prior to transporting LNG – every time they transport the product. Further, the company asks how many hours they slept before driving, and closely manage the driving hours

· Lindsey note – background checks are rare in Japan. There are strict privacy laws that usually prevent private businesses knowing the full criminal background of employees.  



Tank Specifications

· JOT declined to provide information on the tank specifications. They indicated that the tanks are made in Japan by two companies - Air Water Company and another company that I didn’t catch the name of but this company also manufactures the Japanese Shinkansen (bullet train). 



Accidents 

· No major accidents (i.e. explosions, deaths). Leaking happens on occasion.  



Routing 

· Trucks must go on a fixed route. They must apply to the Road Agency of the Ministry of Land, Infrastructure, Transport, and Tourism (MLIT) to get permission for the route. This approval process is not just for LNG but for all dangerous goods. 

· Trucks cannot enter tunnels longer than 10km. If they must enter tunnel, they must receive permission from MLIT. 

· If the truck stops for more than 2 hours, they have to apply for permission from MLIT



Incident Reporting

· There is no formalized incident reporting system. The driver will contact company, company contact customer, then will contact fire department. Very few accidents have to be reported. 



Information Sharing

· No information is shared with emergency response before transportation begins. 

· In terms of sharing information with the community – they explained that their customer, Japan Petroleum Exploration Company Limited (JAPEX) worked with the community so the community members understood what would be moving through the area. 



What would you contribute your safety record to? Best practices? 

· They indicated that their safety record is due to their focus on training and sharing incident information will all staff. If an incident occurs they will discuss it with the entirety of their staff so the same mistake is not repeated.   
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The Federal Railroad Administration (FRA) of the US Department of Transportation, Washington DC is interested in receiving information on the experience and issues, if any, related to the shipments of Liquefied Natural Gas (LNG) by rail, in Japan. Specifically, our interest is on safety to both the operators and the public that arise from large scale shipments of LNG on rail. It would be very helpful to get information on the experience of JAPEX and the carrier, Japan Railways (JR) in this regard. 

With this in mind, we have developed the following set of questions. FRA will be thankful to JAPEX and JR for any information that these organizations can provide in response to these questions. 

Questions to JAPEX

1 [image: 北旭川駅]What types of tanks are used for rail shipments of LNG by JAPEX? That is, are the tank cars or portable (ISO) tanks? What is the nominal size (in liters) of each tank?

· JAPEX does not use dedicated tank cars nor certified ISO tanks. 



· [image: ﾄｯﾌﾟﾘﾌﾀｰ2]JAPEX uses 30ft tanks which are the same dimensions as ISO 30ft tanks.



· However the Japanese 30ft tanks are not subject to the same ISO testing requirements and hence cannot be certified as “ISO tanks” 



· The appearance is the same as 30ft ISO’s but cannot officially be considered ISO.



· [bookmark: _GoBack]The Japanese 30ft tanks meet requirement of Japanese regulation which is "High pressure gas safety act". (http://www.cas.go.jp/jp/seisaku/hourei/data/HPGSA.pdf

[image: Picture2]

· The max LNG loading weight is 10,950kg as you can see and it can be converted to "litre" by using LNG density 0.46kg/litre.









· General Specifications of Japanese tanks for rail transport:



[image: C:\Users\yamamotoar\Desktop\work\LNG\鉄道貨車\30ft ISO.png]Property of Air Water Plant & Engineering





2 How many tanks of LNG are shipped on rail per day? If both tank cars and ISO tanks are used, it would be helpful to get the breakdown. 

[image: ]

· Regarding number of tanks using daily, it depends on season. 

· Currently, approximately 26,000 tons of LNG in Hokkaido and 17,000 tons of LNG in Niigata are consumed "annually"

· Total 60,000 tons are transported per year in Japan.

· Each tank can load approx. 11 tons LNG = 5,454 tanks are transported annually

· Transport operation is about 240 days per year = approx. 23 tanks /day.







3 Are the shipments of these tanks in unit (dedicated LNG) trains or do the cars containing LNG tanks form a single cut within the train or are the tank cars disbursed within a train based on where they are heading to?  What is the average length (in number of cars) in a typical train? 



· JAPEX does not transport LNG by dedicated LNG trains and they do not charter trains

· JR has fixed time table of trains crossing Japan and JAPEX ask them to carry LNG tanks on them.

· Therefore the trains carry not only LNG but also any kind of products such as vegetables, etc.

· Number of tanks JAPEX ask JR to carry really depends on season and demand at the destination.

· JR has fixed car number that trains carry: 20 cars (60ft cars).

· They decided to approve LNG transport by rail based on requests from JAPEX/Japan Oil Transport (JOT)

· http://www.jot.co.jp/en/index.html

· JAPEX does not have much direct contact with JR because JAPEX outsources the LNG transport operation to JOT.

· JOT is in direct communication with JR.



4 What is the typical pressure of LNG in the tanks? Also, what is the start to discharge pressure (STDP) setting on the tank pressure relief valve? What is the maximum number of days that a tank is allowed to be in transportation on rail? 



· Regarding the STDP, there are 2 safety valves used and these 2 have different pressure settings (SV1 = 1MPa, SV2=0.39MPa)

· Maximum number of days that tank can hold LNG during transport is difficult to tell as the tanks only holds LNG for approx. 1 day.

· The tank leaves LNG loading station in the morning and are transported full on the train during night.

· The tank arrives at receiving terminal (customer site) by next morning.

· The tank is returned to the loading station empty, with total round trip of only 2 days.



5 What is the average distance of shipment? Also, what is the make-up of geography (flat, hilly, tunnels, bridges, going through the city, etc.) and population density near the shipment routes?



· JAPEX is unsure about the avarage distances as there are many routes

· The longest route is approximately 350km long.

· Any geographical situation is generally permitted as long as JR approves, even passage through large cities.

· The only exception is Seikan Tunnel that connects mainland of Japan and Hokkaido.

· JR will not allow LNG tanks pass through the tunnel. (Seikan tunnel is the world's deepest and longest railway tunnel: 54km long, 140m below seabed)



6 How long has JAPEX been shipping LNG on rail?

· JAPEX started this rail transport operation in March 2000.





7 Have there been any accidents involving a LNG train? Have there been any incident in which LNG was released from a tank car or ISO tank on a train? If so, how large was the leak? What were the consequences? How fast was the train going at the time of an accident or LNG release incident?

· Only 3 accidents/incidents have occurred, however, they were not really due to rail transport: 

· Case 1: Top lifter fell forward and the tank hit the ground. 

· There was no LNG leak but JAPEX could not be sure if the interior of the tank was compromised or not, so the tank was discarded.

· Case 2: A poor weld on a tank was discovered and vacuum loss had occurred. Vibration during transportation was not the cause of this weld breech.

· It was determined that it occurred prior to transportation.

· The tank held below the limit of pressure until the destination and the LNG was safely discharged at the receiving terminal.  Safety valves were not activated. 

· JAPEX attributes the fact that the tank was able to retain the LNG due to the tank’s composite insulation.

· JAPEX indicated that if the tank was constructed with Super Insulation, perhaps the vacuum level would not have been high enough for SI to keep the tank at a safe cryogenic temperature.

· Case 3: There was a defective valve installed on a tank and the defect caused LNG leak. 

· The LNG immediately gasified so it wasn't visually confirmed.

· JAPEX assumed that they had lost 100kg of LNG during transportation. The tank arrived at the destination and remaining LNG was discharged at the receiving terminal.

· The defect was in the actual valve itself and not the tank and not because of vibration during the transport operation.



· No accidents or incidents occurred due to rail transport.



8 Was any detailed risk analysis performed before the LNG shipments were initiated? If yes, what acceptable criteria were fulfilled? Do Japanese rail transportation regulations have prescribed risk acceptance criteria? If yes, what are they and where are these published? 

· JR would have to answer these questions.  As mentioned, JAPEX uses JOT for its transportation and is not really in direct contact with JR. 



9 What types of handling are performed on the tanks, at the filling stations, en-route, and at the consignee location? That is, if the tank is an ISO tank, is it filled somewhere, brought on a flat-bed road truck, put on the rail car and removed at the consignee facility; Alternately, is the ISO tank pretty much fixed on the rail car and all filling and withdrawal operations are done in the rail yard?  If the shipment is by tank cars please provide details of the operations related to filling and withdrawal.



· The handling of the tanks is illustrated here below

· As per the illustrations, all of the LNG loading and unloading into and out of the containers takes place before the containers are moved



[image: ]



[image: ]



10 Do the tanks have bottom outlets (That is, is the inner tank penetrated at the bottom)?

· The tanks do not have bottom outlets and are not penetrated at the bottom.

· Please see the P&ID here below…it is in Japanese and we would be happy to answer any questions you might have about it:



[image: ]

Property of Air Water Plant & Engineering



11 What other equipment are provided on the rail car carrying a LNG tank? That is, are there heaters to vaporize LNG to pressurize the car, if need be?

· There are no heaters installed on the container. 

· Loading or receiving LNG station/terminal has the required equipment to pressurize, if necessary.  The train’s only job is to transport the tanks.



12 Any other information related to safety in handling, shipping and emptying the LNG from rail cars that will be of use to us at FRA.



· Engineers use wrenches made of tungsten to avoid producing sparks during fill/discharge operation.

· "Finger pointing and call" is systematically carried out.

· Truck drivers never touch or handle equipment at loading station or receiving terminal.

· Engineers at the loading/receiving plant always take care of the handling at the plant side.

· Japanese High Pressure Gas Safety Act requires tank inspection at least once every 5 years.

· JAPEX and Air Water Plant & Engineering have developed the containers to withstand rail induced vibration…some of the development is proprietary.

· Dangerous goods rail transport in Japan (such as LNG) is under the authority of the High Pressure Gas Safety Act (“HPGS”) and JR uses its discretion whether they will accept to transport LNG filled tanks or not

· Link to translation of HPGS: http://www.cas.go.jp/jp/seisaku/hourei/data/HPGSA.pdf

· "JR Railway Technical Research Institute" (http://www.rtri.or.jp/eng/index.html) mission: 

· improve railway safety, technology and operation, responding to customers' needs and social change.

· develop professional expertise in all aspects of railways and, as an independent and impartial research body, to fulfill our tasks using the best science available in an ethical way.

· to pioneer cutting-edge technologies for Japanese railways and become a world leader.

· 

Questions to Japan Railways

1 Does the Japan Railways (JR) have Hazardous Material Regulations for shipments of dangerous goods, and especially, LNG on rail? If so are these available in English?

2 What criteria are used by JR to make decision to allow shipments of commodities like LNG on rail? 

3 Is a performance of risk analysis required? If yes, how extensive should this analysis be and what parameters need to be considered? What are the acceptance criteria?

4 Who makes the decision in JR to allow shipments of flammable liquids and gases such as LNG?

5 Please provide a contact name, email and telephone information for Federal Railroad Administration (of the US Department of Transportation) to contact Japan Railways for any additional discussions.



Contact at the Federal Railroad Administration

Dr. Phani Raj

General Engineer

Hazardous Materials Division, Office of Safety

Federal Railroad Administration, US DOT

1200 New Jersey Ave, S.E.

Washington DC 20590

Tel:  202-493-6306

Email:  Phani.Raj@Dot.Gov
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Japan Liquefied Natural Gas (LNG) Intermodal Container Operations:  
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ABSTRACT   
 


Liquefied Natural Gas (LNG) has proven advantages as a transportation fuel. However in the 
United States the use of this abundant product as a transportation fuel is limited by the number 
of liquefaction plants and the undeveloped supply chains that can distribute the product. One 
potential option for the distribution of LNG is by shipping it in containers either by truck, rail or 
aboard a vessel.  Japan has operated a containerized LNG rail truck intermodal distribution 
systems since 2000. The results of field research in 2015 on the rail truck containerized 
intermodal system are given. An analysis is made of the operational characteristics, equipment 
and safety protocols used in Japan. An evaluation of the applicability of the Japanese LNG 
container model to the United States rail/truck intermodal container network is presented. 
 
 
Background  
The United States has become a world energy leader with proven energy reserves of 7,299 
trillion cubic feet of natural gas (NG).1  There is the possibility to expand the use of Liquefied 
Natural Gas (LNG) as a transportation fuel and also to serve markets currently using propane or 
diesel.2  While Compressed Natural Gas is a growing market, LNG is the predominate fuel used 
in the U.S. for high kilowatt engines because of its higher energy content per unit. The U.S. and 
Canada have become Emission Control Areas (ECA) and that is also driving change in marine 
fuel usage, and natural gas is one option.  
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While the supply of natural gas is abundant there are few liquefaction plants. In many 
cases the existing liquefaction plants (peak shavers) are hundreds of kilometers from new 
potential markets and are designed to serve utilities and not the transportation or off the grid 
sectors.  Key to the expanded use of LNG is the development of a supply chain to deliver the 
product to end users from liquefaction plants.  Currently the U.S. LNG supply chain is not in 
place and will need to be developed.3   


New liquefactions plants to serve the transportation sector should be as large as possible 
to realize economies of scale. A new large scale liquefaction plant will need a robust and agile 
distribution system for LNG that includes truck, rail and marine. While the highway system in 
the U.S. is very good, the cost effective range to truck LNG is about 402 kilometers which in 
the U.S. is a relatively short distance. According to a LNG Truck Distribution Costs 
study prepared by TIAX for America’s Natural Gas Alliance in 2013, at a drayage of about six 
hundred miles the cost of truck transportation equals the combined cost of the natural gas and 
liquefaction.4 


The high cost of distribution raised the research question: Could LNG be transported by 
intermodal container to lower the distribution cost and extend market reach of a liquefaction 
plant?  In the U.S, LNG containers have not been transported by rail so the research team 
decided to examine a rail truck intermodal system that has been operating in Japan for over 14 
years. 


There are a number of potential advantages in moving LNG to markets using ISO 
containers. The LNG can be distributed to users who do not have a high volume demand but 
cannot gain access to a natural gas pipeline. This option opens new markets for LNG, increasing 
the user groups for a liquefaction plant. The customer can use the container as a storage tank 
reducing the need for a costly onsite storage tank. With frequency of delivery by container, the 
user may need a smaller storage tank. 


Existing truck intermodal trailers can be used to haul ISO containers. Existing rail 
intermodal cars can be used if carrying LNG containers is approved by the Federal Railroad 
Administration (FRA). A container distribution system simplifies operations and reduces startup 
costs. Containers are not regulated as a bulk transfer of LNG by the U.S. Coast Guard. The 
containers are U.S. DOT and ISO certified meeting regulatory requirements. Truck and marine 
currently deliver LNG containers. 


 As of January 01, 2016, the U.S. has not transported any LNG by bulk tank rail car, by 
container on rail, or by container on vessels in the Great Lakes or inland waters.  According to 
Dr. Phani Raj of the Federal Railway Administration (FRA) Office of Safety, there are 
regulations in place that could allow the transportation of LNG in containers by rail in the U.S.5 


 
Japan’s LNG Intermodal Container Supply chain 
Since 2000 Japan has operated successful intermodal LNG supply chains using containers in 
rail and truck system. The Japanese LNG intermodal container operation studied operates along 
several routes.  The route that was researched was between Niigata city, Niigata Prefecture and 
Kanazawa city Ishikawa Prefecture, (See Map 1).   
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Map 1: Japan JR Freight Rail Intermodal Routes. Courtesy JR Freight 


After correspondence with the principal parties and exchange of information a trip was taken to 
Japan in June 2015 to study the LNG intermodal operation. The principal parties involved in the 
LNG intermodal supply chain are: Japan Petroleum Exploration Co., Ltd (JAPEX) who supplies 
the LNG.  JAPEX receives the majority of the gas by sea bringing in about four vessels per 
month in the port of Niigata. Japan Oil Transportation Co., Ltd provides the containers and 
drayage services. Nihonkai LNG Co. Ltd maintains the containers and trains the drivers.  Japan 
Freight Rail Way Company (JR Freight) operates the trains and intermodal terminals.  The LNG 
is delivered to Kanazawa Water & Energy and Komatsu Gas.   
Upon arrival in Tokyo the research team met at JAPEX headquarters with representatives from 
JAPEX6 and Japan Oil Transportation Co., Ltd (JOT)7. The research team was briefed about the 
LNG operations, its history, principals and the safety culture.  The research team provided 
background on the U.S. Maritime Administration LNG research that the Great Lakes Maritime 
Research Institute has been involved with since 2011. The research team also visited the Japan 
Freight Rail Way Company Head Quarters (JR Freight) and had similar discussions with their 
representatives8.  
 
LNG Drayage Equipment: Niigata city, Niigata Prefecture: 
The first location visited was the truck parking area, truck driver training facility, and truck 
maintenance facility of Nihonkai LNG Co., ltd (LNG)9. There were LNG trucks and chassis 
with LNG containers at this facility. (See photos 1 and 2 respectively). 
The capacity of the bulk LNG tank trucks in use are 11, 12, 13 and 15.7 metric tons depending 
on the model.  These trucks are used for transport of LNG by highway only and are not 
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designed or capable of piggy back rail operations. The normal one-way operating range of the 
vehicles is 300 to 500 kilometers. The Labor Standard Act stipulates that a driver can drive for 
four hours, then must take a one hour break and then can drive for another four hours. Truck 
drivers can only drive nine hours per day including one hour break. Loading and unloading 
operations are part of the nine hour period. The bulk truck delivery system has been in operation 
for 15 years. For distances longer than 200 KM, Japanese regulations call for two persons to 
operate a truck carrying LNG, gasoline or diesel, making such transports not commercially 
viable compared to rail transport.	
The LNG containers are manufactured in Japan and are not equivalent to ISO tank containers.  
The containers and chassis are owned by JOT. Two companies manufacture these LNG 
containers in Japan.  Seventy-four of these have been supplied by the company Air Water Inc. 
(http://www.awi.co.jp/english ) and the rest from J-TREC (http://www.jtrec.co.jp/eng ). There 
are two container designs. One has square bracing and the newer type has rounded bracing. The 
rounded bracing was developed to reduce stresses during the rail and truck transfer operations, 
while reducing weight. The container observed was 9.125 meters long by 2.5 meters high and 
2.488 meters wide feet. Tare weight is 9.05 metric tons, net weight 10.95 metric tons, and gross 
weight 20 metric tons with a capacity of 21,347 cubic meters. According to JOT there are 136 
of these containers dedicated to intermodal transport. As designed, these containers are not 
expected to be stacked. In order to produce a stackable LNG container there would have to be 
an endurance test, and would add unnecessary cost for the existing Japan LNG container supply 
chain 
The trucks and container construction is regulated by federal government with the involvement 
of the prefectural government and must meet the standard of an ordinance of METI.10  The 
container depreciation is fifteen years. However, it does not mean they cannot be used after 
fifteen years. During the fifteen years, there is a regulation that the company has to conduct 
container re-inspection every five years. After fifteen years, the interval of the re-inspection 
duration is shortened to every two years. Unless the pressure inside the container drops, the 
container can continue to be used after fifteen years, and they expect to continue to use the 
containers.  
Truck drivers are required to have specialized training in order to transport LNG. Part of the 
training is learning how to load and unload the container or tank car as this is the driver’s 
responsibility. JOT uses a full scale simulator as part of their training program. The simulator is 
an actual control system from a tank truck that is operated using compressed air. The training 
simulator (See Photo 3), is not a regulatory requirement but is another example of the robust 
safety culture that the Japanese LNG supply chain embraces at all levels. 
The transport of LNG by truck and rail is regulated in Japan.  However it must be noted that all 
individuals that the research team interviewed had a very strong safety ethic that moved them 
beyond compliance with regulations.  The authors believe that the long standing trust and close 
working relationship between the partners contributes to the smooth and safe operations.  The 
cooperative dedication to continuous improvement and safety has meant that since the 
operations started in 2000 there have been no accidents in any part of the intermodal container 
supply chain. 
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Photo 1: Intermodal LNG Container. Photo by Richard D. Stewart 


 


Photo 2: LNG 15 metric ton Bulk Tank Truck. Photo by Richard D. Stewart 
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Photo 3: Simulator for training truck drivers in loading and unloading operations for LNG from 
containers and trucks. Photo by Richard D. Stewart 


Loading LNG Containers  
JAPEX receives most of its natural gas from vessels that are importing it from a number of 
different countries. LNG is unloaded from the vessels to storage tanks.  Some is vaporized and 
sent out by pipeline. The facility also loads LNG into trucks and containers for distribution to 
areas not served by pipelines. The container/truck loading station is fed by an underground 
pipeline from the LNG storage tanks. The pipeline has leak detection systems and each loading 
island has two gas detectors. The system is designed to be able to operate with only one truck 
driver. However, two persons always operate the loading operation at the facility for safety.  
The truck driver loads the LNG into the container wearing safety glasses and gloves designed 
for frigid operations. A safety officer monitors the operations, checking to ensure that safety 
procedures are followed and that there is no detectable gas leaking during the process.  Each 
island also has a TV monitoring box and it is place at an angle to watch the truck and gages. 
The pressure vessels have a design pressure of 0.96 MPa and the safety valve opens at 0.8 MPa. 
Operations will be shut down if the wind speed exceeds 10 meters per second or if there is 
lightning.  Safety drills are held on the plant on a regular basis and once a year the local fire 
department trains with plant employees.  The maximum loading rate of the facility is 40 metric 
per hour. A 10 metric ton LNG container is completely loaded in about 40 minutes from 
preparation safety checks to scaling and final close out. A maximum of 60 trucks a day can load 
LNG, but the average is 20 trucks a day using four islands. The facility can load up to six 
vehicles at once but typically they are loading about three at a time. The facility operates from 9 
AM to 5 PM depending on customer demand.  JOT can load LNG after normal operation hours 
if their client requests.  The facility distributes LNG to their customer by truck and railway. 
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They also distribute LNG to a thermal electric power plant too. Ninety percent of the LNG sent 
to the thermal electric power plant is shipped by pipeline. 
 


 


Photo 4: Loading LNG into container at JAPEX Niigata facility. Photo by Richard D. Stewart 


Intermodal transfer of LNG Containers to Rail in Niigata 
The research team met at the JR Freight Rail Way Company Niigata Cargo Terminal Station 
with their JR Freight Rail Way Company representatives11 and others from JAPEX and JOT. 
The research team was given a presentation about the terminal and then toured the Niigata 
Cargo Terminal and observed the loading operations of LNG containers onto and off or rail 
cars.   
JR Freight is regulated by the Ministry of Land, Infrastructure, Transport and Tourism.12 Under 
the ordinance the safety management section requires rail companies to appoint a Chief Safety 
Management Officer and notify the Ministry when the individual is appointed. The Ministry can 
also dismiss the Chief Safety Management officer if the Ministry believes that the individual is 
not doing their job properly. 
Japanese trains operate on a rail track with a 1,067 millimeter, (3 feet 6 inch gauge) compared 
the U.S/ standard gauge of 1,435 mm (4 feet 8 1⁄2 inch) gauge.  Over 95% of JR Freight’s track 
is electrified and diesel propulsion is only used in the northern islands. The overhead line or 
catenary wire suspended from poles or towers along the track or from structure or tunnel 
ceilings, feed electricity to the locomotives through pantographs on the locomotive’s roofs.  
These wires, along with tunnel height restrictions, prohibit the use of double stack container 
operations.  
LNG rail intermodal operations started in 2000. They move about 5 LNG intermodal containers 
per day on mixed freight trains.  There is a small increase in volume in the winter when demand 
is increases due to increased heating. The rail cars used for the LNG container operations carry 
two containers fixed to the rail car using locking cones (See Photos 6 and 7). The Koki 100 
series flat container cars are 20 meters long with a maxim payload of 40.7 metric tons. The 
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maximum speed allowed for the rail car is 110 km/h. The rail cars are designed to handle LNG 
or other container types including ISO and small specialty containers used for just-in-time 
deliveries in Japan. There are multiple securing points and systems on the rail cars. A top pick is 
used to load and offload the containers, (See photo 5). The dedicated service means that the 
loaded containers are placed directly on the rail cars and the drayage truck immediately picks up 
the empty containers either from the rail car or from storage.   
 


 


Photo 5: Rail Intermodal train with LNG Containers and storage area. Photo by Richard D. Stewart 


Niigata cargo terminal station has a designated LNG container storage area and they can store a 
maximum of 24 containers. The LNG container yard layout is established based on the High 
Pressure Gas Safety Act. Loaded and unloaded LNG containers are treated the same. All LNG 
containers are one high, and not stacked while in storage. Other (non-LNG) containers in the 
terminal are stacked. The LNG container yard has four signs which indicates that this is a Class 
1 storage place. The sign say “high pressure gas class first storage”, fire strict prohibition”, 
“entrance strict prohibition without permission”, and “high pressure gas tank storage 
(Flammable)” in red-letters. 
 
Intermodal Transfer of LNG Containers from Rail to Truck in Kanazawa 
The intermodal trains arrive at the JR Freight Rail Way Company Kanazawa Cargo Terminal 
Station where they are offloaded and empty containers loaded back on the trains. The total 
terminal area is 109,000 m2.  Container storage area including LNG is 27,000 m2).  The research 
team was given a tour by Freight Rail Way Company representatives.13  
Located almost in the center of Hokurikusen, the terminal has expanded operation as a logistics 
base in the Kanazawa urban area.  It is the only container handling station in Ishikawa 
prefecture. Furthermore, it plays an important role as a container transshipment base for the 
Takaoka district. In addition, this is the only station that does dispatch operations by direct 
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management employees in Kanazawa branch. The station also has as part of its mission training 
for its employees and others involved with container operations.	 
The terminal’s LNG operations are approximately 100 meters from passenger rail train 
operations. One of the safety measures followed is that the drayage trucks are routed so that 
they never have to back up in the terminal with an LNG container. When the trucks arrive the 
drivers are responsible to make certain the cones on the truck are unlocked.  Level gauge and 
pressure is checked before unloading LNG container from the truck. The pressure safety valve 
is mounted to the right of the back corner of the container. This means that methane released 
through the valve will be spilled away from rails and electric lines. The container is designed to 
withstand being dropped fully loaded from 3 meter height, which is the typical height to which 
the top loader lifts it.  All containers have safety information stored along with safety equipment 
in red a box on the bottom side of the container. 
 
IT-FRENS & TRACE System 
This is a position management system for containers using GPS and ID tag (RFID tag) and 
booking management to identify which car of the train the container is loaded onto. The top 
picks are quipped GPS system to manage its position, and the containers and freight cars have 
electronic ID tags attached, (See Photograph 6). Transportation companies use IT-FRENS 
&TRACE system to request information and to track cargo via the internet. The data is sent to 
IT-FRENS servers via internet and distributed to cargo stations’ system and to driver system via 
internet. The data is also shared with top picks at the rail terminal. The ID tag reader with top 
pick will automatically read the information of the ID tag mounted onto a container. At the 
same time, the current location information is sent to the center from a GPS device mounted top 
pick with the containers unique number and the truck or rail car ID number 


 
Photo 6: LNG storage area (newer containers) at Kanazawa JR Freight Terminal. Photo by Richard D. 
Stewart 


Tracking	
device	


Locking	cone	locations	
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Photo 7: LNG Container on car.  Photo Richard D. Stewart 


 
Unloading LNG from LNG Containers to Storage Tanks in Kanazawa 
The containers are drayed from the JR Freight Terminal about 20 kilometers to the Kanazawa 
Water & Energy Center Minato Plant. Minato Energy Center is located Minato city, Kanazawa. 
The city gas produced at Minato Energy Center is distributed to households, plants, hospitals, 
and business via pipe which is buried under the roads. The center implemented a computerized 
operation system which controls all of the operations from receiving LNG, producing gas and 
distribution. The operators supervise the system which operates 365 days a year 24 hours a day.  
The facility is able to unload up to four LNG containers at a time but typically does two, (See 
Photo 8).  Unloading time is approximately 40 minutes.  The driver is responsible for unloading 
with a safety person standing by. The facility has remote TV monitors as well as gas detector 
systems at each station.  The terminal has never had an accident.14 Komatsu Gas is a principal 
user of the delivered gas and feel that the system is very cost effective and safe.   
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Photo 8: Unloading LNG Containers at Distributorship in Kanazawa: photo Richard D. Stewart 
 
Adaptability of the Japan LNG intermodal container supply chain to the U.S. 
market: 
The Japanese intermodal LNG container model is one of dedicated service, with a collaborative 
partnership that maximizes container use. The entire operation is driven by a robust safety 
culture adhered to by all parties. The supply chain has operated accident free since 2000 in some 
of the most densely populated areas of the world. The LNG intermodal service operates in close 
quarters with some of the most heavily used passenger rail services in the world. Japan has been 
the leader in the movement of LNG containers by rail.  Their system is unique in using non-ISO 
containers. The ISO LNG containers are widely used in the marine trade and available on the 
open market.    
 The safe movement by rail of liquefied gasses in containers is not uncommon in the 
United States.  An analysis was undertaken of Surface Transportation Board (STB) rail waybill 
data for 2013 looking at liquefied gases (coal or petroleum) that were identified as falling under 
the Standard Transportation Commodity Code (STCC) 29121 designation.  This designation 
includes, among others, flammable gases such as propane, butane and liquefied petroleum gas. 
For a full listing see table 1.The type of rail car carrying the containers were listed under either 
the old Interstate Commerce Commission (ICC) Code 46 for Trailer on Flat Car (TOFC) and 
Container on Flat Car (COFC) or the rail cars met American Railroad Association (AAR) 
designations of Intermodal low profile or Intermodal stack cars.  Table 2 lists the car types, 
quantity of cargo shipped and on how many rail cars.  This table does not include the STCC 
29121 cargo that was shipped by bulk rail tank car.  Bulk tank cars moved a far larger quantity 
of this type of cargo.  
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 STCC 29121 'LIQUEFIED GASES COAL OR PETROLEUM '         
o 2912110 'BUTANE GAS LIQUEFIED '                      
o 2912111 'PROPANE GAS LIQUEFIED '                     
o 2912112 'ISOBUTANE GAS LIQUEFIED '                   
o 2912116 'DICHLOROBUTENE (1 3-DICHLORO-2-BUTENE) '   
o 2912120 'ETHYLENE CRYOGENIC LIQUID '                 
o 2912122 'BUTENE (BUTYLENE) GAS LIQUEFIED OR ISO- '  
o 2912122 'BUTENE (ISOBUTYLENE) LIQUEFIED '            
o 2912125 'PETROLEUM ISOPENTANE OR PENTANE '           
o 2912128 'PROPYLENE '                                  
o 2912130 'COAL GAS '                                   
o 2912131 'PINTSCH GAS '                                
o 2912190 'LIQUEFIED PETROLEUM GAS NEC COMPRES’ 


Table 1: Commodities Captured in STCC 29121 
 


ICC Car 
Type 
Code ICC Car Type Name STCC 


Number of 
Public 
Waybills 
2013 


Expanded 
Carloads 


Expanded 
Tons 


46 TOFC/COFC 29121 131 5,240 83,520 


AAR Car 
Type 
Code AAR Car Type General Code STCC 


Number of 
Public 
Waybills 
2013 


Expanded 
Carloads 


Expanded 
Tons 


Q730 Intermodal, low profile 29121 2 80 1,600 
Q752 Intermodal, low profile 29121 2 80 1,080 
Q753 Intermodal, low profile 29121 2 80 1,440 
S162 Intermodal,Stack 29121 1 40 840 
S342 Intermodal,Stack 29121 116 4,640 72,520 
S635 Intermodal,Stack 29121 8 320 6,040 


Table 2: Waybill Sample of Containerized Liquid Gases STCC 29121 shipped by rail for 2013.15  
 
 From this data it is evident that in 2013 the U.S. railroads carried tens of thousands of tons of 
cargo that is as dangerous as LNG in containers and in bulk tank cars. 
 
ISO LNG Containers 
LNG ISO containers are available on the market that could be used in a U.S. LNG intermodal 
supply chain. Chart Industries, based in the U.S., is one of the manufacturers of ISO containers 
that are designed to carry LNG. A Chart ISO 20 foot LNG container will have a tare weight of 
7,600kg (16,755 pounds) and a capacity of 20,360 liters (5,378 gallons) of LNG at a maximum 
pressure of 150 psi. The 20 foot container will be able to keep the LNG in a liquid state for up 
to 80 days. A Chart ISO 40 foot LNG container will have a tare weight of 11,500kg (25,353 
lbs.) with a capacity of 43,500 liters (11,491 gallons) of LNG at a maximum pressure of 100 
psi. The 40 foot container (See Photo 9) will be able to keep the LNG in a liquid state for up to 
70 days depending on the ambient air temperature.   
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Photo 9: LNG ISO Containers. (Chart Industries) 


These containers are relatively costly and would need to be in a dedicated trade with a high use 
rate to realize an acceptable return on investment as is done in the Japanese model.  The long 
life of the containers, with proper handling and maintenance, would mean that the payback 
period would cover 20 years or more. There are other nations, including the U.S., that are 
advancing the use of ISO LNG containers in intermodal service. 
 
Rail transportation of LNG in Europe 
Rail transportation of LNG by ISO container has been proposed for Sweden and Finland. 
Swedish railcar manufacturer Kiruna Wagon has developed plans for a railcar concept suitable 
for LNG ISO containers. Ragner’s 2014 report noted, as in earlier Great Lakes Maritime 
Research Institute (GLMRI) studies, that a key factor in developing LNG transportation nodes 
will be the multiple user groups driving the market. The Ragner study cited possible 
containerized LNG users as: 
“This indicates that industries of particular interest should be found among the following 
groups: 


• Forest industries 
• Mining industries 
• Steel industries 
• Aluminum industries 
• Foundries 
• (Chemical) process industries 
• Ports 
• Filling stations for heavy duty trucks”16 
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Unlike Sweden’s standard gauge of 4’ 8 1/2 “ (1435 mm), Finland has a broad gauge rail system 
of 5 foot, (1524 mm). This means that railcars cannot roll between Sweden and Finland without 
changing bogies at the border. U.S., Canadian and Mexican railroads do not face this issue  
In Europe LNG rail tank wagons (rail cars) are being built to transport LNG by VTG 
Aktiengesellschaft.  The LNG will be delivered to Brunsbüttel, Germany’s first LNG terminal, 
which is situated at the intersection between the river Elbe and the Kiel Canal. VTG is building 
two prototypes rail cars to transport LNG by rail with its Czech partner, Chart Ferox, that will 
build the tank. VTG is responsible for the development. The cryogenic LNG can potentially 
remain in the tank wagon for up to six weeks. “As an additional safety measure, the tank 
wagons are being equipped with 25t wheelsets instead of the 22.5t which is legally required and 
a GPS monitoring option for the tank.”17   
 
U.S. Rail Transportation of LNG 
U.S. railroads have expressed an interest in the transportation of LNG by container that was 
driven by shipper requests. Union Pacific Railroad in early 2015 applied for permission to the 
Federal Railway Administration (FRA) to haul liquefied natural gas.18 The U.S. Code of Federal 
Regulations Title 49 permits the transportation in commerce of LNG in portable tanks on rail, 
however a sub section imposes certain other requirements. 19 20  According to Dr. Phani Raj of 
the Federal Railway Administration Office of Safety, ultimately the decision to transport or not 
under these rules lies with the carrier or under special approval from the FRA. Florida East 
Coast Railroad is also exploring the movement of LNG by container.21   
In November 2014, Alaska Railroad approached the FRA about obtaining approval to move 
LNG in portable tanks via container-on-flat car service in both unit and manifest trains.  In 
February 2015, the railroad submitted a formal request for approval. The agency then conducted 
a thorough review and analysis of the proposed LNG operations.22 In October 2015 the Alaska 
Railroad Corporation received Federal Railroad Administration approval to transport liquefied 
natural gas via ISO containers from liquefaction facilities to customers in the interior of the 
state. The transportation option was strongly supported by state agencies wanting to find a less 
expensive way to deliver clean fuel to communities such as Fairbanks.  This is the first time that 
the FRA has approved the movement of ISO LNG containers by rail in the U.S. In the U.S., 
LNG rail cargos currently are not permitted without a waiver from the FRA under Federal 
Emergency Management Agency (FEMA) rules. The FEMA requirement is based on FEMA3A 
for LNG Accident Consequence Analyses. The two year FRA approval given to Alaska 
Railroad includes eleven requirements that the railroad must comply with. Examples of these 
include: 


• Operate only up to two trains carrying eight portable tanks of LNG per week; 
• Perform at least one track geometry car inspection and four internal rail-flaw   
inspections annually; 
• Provide initial training to all crews operating LNG-carrying trains and emergency 
responders along an LNG route; 
• Prohibit double stacking of the portable tanks; and 
• Issue a report each month to the FRA on the number of portable tank loads and other 
data.23 


Another Federal entity that will be involved as LNG is shipped as cargo will the Transportation 
Security Administration (TSA).  The TSA’s Transportation Sector Network Management 
(TSNM) program covers railroads, highway motor carriers, ports and intermodal facilities, mass 
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transit facilities, pipelines, air cargo, commercial and general aviation. The Intermodal Security 
Training and Exercise Program (I-STEP) supports TSA’s Transportation Sector Network 
Management (TSNM) Modal Security Managers with exercises and training. The Homeland 
Security Information Network (HSIN) – Freight Rail Portal has been designed to provide 
consistent, real time information sharing capabilities in an integrated, secure, web-based forum 
and will no doubt be used during the transportation of LNG.24  
In addition to the FRA and FEMA regulatory requirements, there is the possibility of existing 
and future state regulations regarding the transportation of LNG by rail.  In 2011 the State of 
New York contracted a study to examine the future of LNG transportation and determine what 
state regulations may be required. The report provided background information and assessed the 
proposed NY state regulations, (6 NYCRR Part 570 [Part 570]), to regulate liquefied natural gas 
(LNG) facilities pursuant to Article 23, Title 17 of the New York State Environmental 
Conservation Law (ECL). In the conclusions the report recommend the promulgation of Part 
570 which would establish procedures for permitting LNG facilities, intrastate routing of LNG 
transport vehicles, and the assessment of emergency response capabilities. 25  Part 570, which 
like all States (except TX) will rely on nationally recognized protocols for the regulation of 
LNG facilities.		
The State of Texas LNG regulatory requirements are found in the “Regulations for Compressed 
and Liquefied Natural Gas” by the Texas Railroad Commission. The Railroad Commission of 
Texas (RRC) administers the rules and regulations for the construction and operation of LNG 
facilities and to an extent, the transportation of LNG within the state of Texas.  The Texas 
regulations require permits, training, exams, licensing and assess penalties for noncompliance. 
26     
Demand for ISO LNG Containers: 
Expanding the use of ISO LNG containers is dependent upon the demand of the markets.  
Several markets are evolving that could be expanded and served by intermodal operations. In 
The U.S. Department of Energy in 2011 authorized Carib Energy to export LNG to Free Trade 
Agreement countries. The authorization will allow Carib to export LNG in approved ISO 
containers transported by ocean-going vessels from the Gulf and southeast states up to the 
equivalent of 11.53 bcf (0.23 million tonnes) annually for 25 years. Carib plans to load the ISO 
LNG containers at liquefaction plants and transport them by truck or rail to marine terminal to 
be loaded aboard a ship. Liquiline is a Bergen Norway based company that transports ISO LNG 
containers. Their containers are approved for transport by truck, rail and marine. Liquiline has 
offices in Singapore and Vancouver, Canada.27  
 
Rail Locomotive LNG Fuelling using ISO LNG Containers:  
According to the U.S. Energy Information Administration’s (EIA) Annual Energy Outlook 
2014, in 2012 the seven Class-1 railroads consumed more than 3.6 billion gallons of diesel fuel. 
For several years two options have been considered for supplying railroad locomotives with 
LNG for fuel. The two options are: a 10,000-gallon ISO tank, or a 25,000-gallon tender that 
closely resembles a tank car. An LNG-powered freight train using 25,000-gallon LNG fuel 
tenders should be able to operate, for example, between Los Angeles and Chicago one-way 
without a refuelling stop, improving locomotive utilization.28 The ISO LNG container, offers 
more operational flexibility and a potentially lower cost but has half the capacity. The 40 foot 
ISO LNG Container can be mounted in a modified well cars, (doublestack intermodal), located 
behind the locomotive. The container can, with a top pick, be removed when empty.  A drayage 
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system between the liquefaction plant and the rail yard would enable the exchange of containers 
and eliminate the cost and logistical constraints of a dedicated LNG fuelling station on rail 
property.  ISO containers could also be as for rail locomotive fuelling stations in a rail yard 
provided the station meets federal, state and local regulations.  


 
Vessel fuelling by ISO LNG Containers:   
ISO LNG containers can be used in two ways to provide vessel fuel.  They may be used to 
deliver the fuel dockside and the fuel is then pumped into the vessel or they could be loaded 
onto the vessel and hooked up the vessel’s fuel supply. The first option has been selected by 
Tote Maritime who will be using ISO LNG containers obtained from Applied Cryo 
Technologies. The 25 containers from ACT will be used to transport LNG from Georgia to 
Jacksonville where the Tote vessels will fuel. The plan is to safely and effectively fuel the ship 
in under six hours.29  Each of Tote’s new LNG vessels has twin 900-cubic-meter (238,000-
gallon) tanks.  On January 8, 2016 the M/V Isla Bella was bunkered by ACT ISO container at 
the same time that cargo was being loaded.30 
 
Conclusions:  
ISO LNG container transportation by rail/truck intermodal systems is operationally feasible. 
LNG transportation by rail has been done in Japan, Norway and the U.S. either by specially 
designed freight rail cars or by intermodal container. The Japanese model had a very safe long 
term record of operating in densely populated areas and in close proximity to high speed 
passenger rail service. The intermodal service would also have a lower environmental impact 
than all truck operations.  
An LNG tank car has the potential to be more cost effective for shipping large volumes of LNG 
over long distances and time periods.  The Alaskan railroad’s transport of LNG containers will 
provide a model for other railroads to expand from.  
A container-based system has advantages of flexibility, including the introduction to new 
markets with smaller quantities. The ISO intermodal system would allow existing liquefaction 
plants with excess capacity to serve markets that would be too expensive to supply by all truck 
transportation. The ANGA and GLMRI studies cited earlier estimates the optimum distance for 
conversion to rail intermodal at approximately 300 miles or greater depending on congestion, as 
well as road and rail networks.   
At this time the shipment of LNG by bulk rail car in the U.S. has not been approved by the 
FRA. Many other hazardous materials are currently shipped by bulk rail car.  LNG bulk tank 
cars would have to be designed, tested and approved before any shipment could take place.  If 
there were sufficient long-term demand that provided railroads with a viable return on 
investment then LNG bulk rail cars would be considered.  In addition to safe operations factors 
such as distance, demand and economies of scale will determine if the LNG is best shipped by 
bulk tank car or by ISO Container. Table 3 captures many of the considerations that will be key 
factors in selecting bulk tank cars or container.  
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ISO LNG container by rail LNG rail tank car 
Small volume units. Large volume rail cars. 
Transport by rail approved by special permit from 
Federal Railway Administration.  Some states may 
have a regulatory impact on the transportation of LNG. 


No rail car has yet been designed, tested, and approved 
for use in the U.S. 


Containers can be drayed by truck from between rail 
terminals and liquefaction plants. 


Rail sidings to LNG liquefaction plants is required for 
loading of LNG rail cars. 


Alternative truck delivery may be an option if there is 
rail network failure. 


Rail network closure stops transportation of rail cars. 


A loading/unloading system is required at terminals.  
Top picks, cranes or straddle carriers.  Additional 
handling increases risk of accidents. 


No special off track equipment required to load.  


Containers can be used for storage at the end users 
location(s).  


Rail car could be used for storage by customer if 
approved rail sidings are available. 


Containers are approved and can be transferred to 
marine and truck modes as well as rail. 


Unable to transfer rail cars to truck.  Approval would 
be required for transfer to marine car ferries. 


Containers carry less than a dedicated LNG truck. The 
rail ISO LNG containers require less highway mileage 
than all truck transport for the same movement of 
cargo. This means less traffic congestion, lower 
environmental pollution and lower costs. 


Tank rail cars remove the equivalent of two and half or 
three trucks off the highway.	This means less traffic 
congestion, lower environmental pollution and lower 
costs. 


Table 3: Comparison of rail transport of ISO LNG containers and LNG rail tank cars 
 
Rail transportation of LNG ISO containers also provides expanded options for the siting of new 
liquefaction plants. The plants could be built in less populated areas where suitable gas, power, 
road and rail service is available.  The ISO LNG containers also provide increased opportunities 
for LNG to be supplied to vessels. Tote’s use of ISO LNG containers to supply fuel can be 
applied in areas of the Great Lakes and the inland waterways. Vessels can be fuelled from LNG 
containers that arrive at nearby rail intermodal terminals and are drayed to USCG approved 
waterfront fuelling locations. There may also be the option, (that was not explored in this 
study), of placing ISO LNG containers on barges that can provide mid-stream refuelling from 
the ISO LNG containers to vessels alongside. 
Stacking of the ISO LNG containers is done aboard ship and should be possible on rail cars and 
where necessary in terminals. This would allow for greater economies of scale. A successful 
supply chain will have a robust safety culture, a dedicated route to maximize containerized 
cargo, minimizing lifts, and a customer base that has year round demand. A rail/truck 
intermodal system in the U.S. should reduce the distribution costs, compared to all truck, over 
distances of 300 miles or greater where the supply chain fits the railroad’s network. 
Critical to the successful operation of an LNG ISO Container Supply chain will be the adoption 
of a robust safety culture.  Based on the observation of the Japan LNG Intermodal System a 
safety culture must be collaborative among all supply chain partners.  The safety culture must 
be a paramount objective in all planning, construction, training, financial consideration and 
operations.  
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Abstract 


 
The importance of natural gas as primary energy carrier is constantly increasing. In this context 


there is rising interest for LNG, Liquefied Natural Gas. The usage of LNG as fuel for marine and 


inland navigation and as road fuel is very promising. Furthermore, LNG can be used for 


industrial applications. In this context, small scale applications of LNG are getting popular. 


Smaller liquefaction capacities, smaller tankers and vessels distributing LNG and smaller storage 


and regasification facilities allow the widespread usage of LNG. 


 


Nevertheless, there are some hurdles to be overcome to implement LNG extensively. The biggest 


barrier corresponds to the often-quoted chicken-and-egg-problem. Infrastructure for LNG 


technology is not very well developed at the moment, e.g. there are few LNG refueling stations. 


This can especially be seen in Central Europe. Potential consumers are restricted in the use of 


LNG therefore and they cannot prove their demand. But without demand, infrastructure will not 


be provided. Currently, there are a lot of initiatives and projects in order to break this vicious 


circle. For example, the European Commission requires and supports the construction of LNG 


bunker stations in all sea and inland ports along the Trans-European Network for Transport 


(TEN-T) as well as the placement of LNG refueling stations all over this transport network. 


 


However, almost all of these programs refer to coastal areas. LNG application is already quite 


well known and common in countries like Spain, U.K., France, Belgium, Italy or Portugal. In 


contrast to this, the aim of this paper is to present the first findings of the evaluation of LNG 


potential in landlocked regions of Europe. This potential could be exploited by distributing LNG 


along the Rhine-Main-Danube axis to Central Europe as LNG is ideally suited for being 


transported by vessel. Benefits and opportunities of LNG usage in this territory should be 


demonstrated as well as challenges and threats. Hence an extensive literature research has been 


carried out as a first step. Further research comprises the assessment of different supply chain 


scenarios and an initial demand survey. 


 


The results of the research study are strongly in favor of LNG application. LNG is not only 


providing ecological advantages but also economic ones. The ecological benefits are apparent as 


LNG is able to reduce air pollution and greenhouse gas emissions because it causes about 20% 







 


 


less CO2, 80-90% less NOx and almost zero PM and SOx. Economic merits include the 


diversification of the energy mix which leads to a reduction of the gas monopoly power. 


Nevertheless there are also several obstacles identified which inhibit the dissemination of LNG 


such as the above mentioned missing infrastructure for LNG. Furthermore there are also 


regulatory barriers. At present, LNG is classified as dangerous good and there is a separate 


permission needed to transport it on inland waterways therefore. On the whole, the necessary 


framework needs to be created urgently to break with the chicken-and-egg-situation described 


above and to enable Central European regions to participate in and profit from the high potential 


of LNG applications. 
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1 Problem and Methodology 


LNG application is no new phenomenon. The convenience of shrinking the volume of natural 


gas 600 times by cooling it to about -162°C/-260°F for the purpose of converting it to a liquid 


form was exploited as early as the 1940s. The first liquefaction plant has already been built in 


1941 in Cleveland/Ohio (USA). The UK acted as a pioneer in 1964 by concluding the first 


commercial LNG deal with Algeria. Since then, LNG is considered to be worldwide accepted in 


the energy markets [1]. It is remarkable that in 2012, one third of the worldwide traded natural 


gas volumes took place in the form of LNG [2]. 


 


The main reason why natural gas has originally been converted into liquid form was because this 


allows a comfortable distribution of this energy carrier by all means of transport, especially by 


sea to travel long distances. Recently, also the usage of LNG as marine fuel or road fuel for 


heavy duty vehicles becomes popular. A strong argument in favor of LNG as a fuel is its 


environmental friendliness. Compared to other fuels like diesel, it causes about 20% less CO2, 


80-90% less NOx and almost zero PM and SOx [3] [4]. There is also the possibility to use 


liquefied biogas (LBG) or renewable LNG (rLNG) which consists of bio-methane, e.g. available 


from landfills or sewage plants, to further reduce emissions [5]. 


It should be mentioned that there are also economic advantages connected with LNG. Although 


there are rather high investment costs for implementing LNG, the operational costs are quite low 


and initial CAPEX can amortize thus [6]. On the other hand, LNG is suitable to diversify a 


country’s energy mix and hence reduce unilateral dependencies on exports. To receive LNG, no 


gas pipeline connection is needed, therefore it can be delivered from anywhere in the world, 


which leads to a competitive gas market where the prices are usually lower than in a monopoly 


or a near-monopoly situation [7] [8] [9]. 


 


As the preceding explanations have shown, there are quite a number of benefits associated with 


the application of LNG. Several users have already recognized this and act as pioneer users in 


this field. Some successful pilot projects include the well-known parcel delivering company UPS 


which is operating 112 LNG trucks currently in the USA and planning to expand this fleet to 800 


vehicles by the end of 2014 [10]. A Polish municipal transport provider also invested in 31 LNG 


fuelled buses because of the acute problem of exhaust emissions in Krakow [11]. The U.S. 


company Waste Management illustrates the manifold application possibilities of LNG vehicles, 


they own about 500 LNG fuelled garbage trucks [12]. 


 


Unfortunately, in some regions there are severe obstacles which impede fleet operators from 


introducing LNG and keep them from benefitting from the above mentioned advantages. The 







 


 


main reason for this is simply that the necessary infrastructure is missing there. The Natural Gas 


Vehicle Association (NGVA) has surveyed natural gas and LNG refueling stations in 83 


countries worldwide. The alarming result is that only in 13 of these 83 countries LNG refueling 


stations are positioned [13]. Figure 1 shows the number and location of European LNG and L-


CNG refueling stations. 


 


 
 


Figure 1: LNG and L-CNG refueling stations in Europe 


 


The map explicitly shows that though there are already several LNG refueling stations existing 


in Europe, they are almost exclusively located in countries with access to the sea. In landlocked 


countries like Austria, there is no LNG infrastructure placed. 


Besides, Figure 2 shows the amount of European LNG imports. Again, it can be seen that only 


coastal countries of Europe are depicted.  


 


 
 


Figure 2: LNG imports in European countries [14] 


 







 


 


The aim of this paper is therefore to examine the potential and challenges associated with LNG 


application in landlocked regions of Europe. For this purpose, the state of Austria will be taken 


as an example. The applied approach is based on a diligent analysis of the two basic market 


forces which determine the allocation of a commodity like LNG: supply and demand. The 


development of these market forces in landlocked Europe is currently characterized by a 


chicken-and-egg situation. On the one hand, potential customers do not show any demand 


because there is no infrastructure for using LNG. On the other hand, there is no supply for the 


necessary infrastructure and for the commodity LNG because there is no sign of demand. 


Thus, the methodology used is on the one hand extensive desk research to evaluate possible 


supply scenarios for Austria. On the other hand, the methodology consists of the accomplishment 


of semi-structured interviews with companies that have been defined as possible pioneer 


customers in Austria to analyse the actual demand. The consolidation of this gained information 


should allow conclusions about the underlying potential of LNG implementation in landlocked 


Europe. 


 


2 Results 


2.1 Analysis of Supply 


LNG technology is no rocket science and as mentioned in the introduction, it is already 


established and proven for a number of decades. The related problem is rather how to distribute 


LNG and ensure security of supply. Frequently, LNG is regasified and fed into the local 


pipelines after being shipped to the import terminals. However, in case of using LNG as a fuel, it 


does not make sense to regasify LNG to liquefy it again later on. Therefore, LNG will be kept in 


its liquid state and distributed this way. This is no problem for most of the countries where LNG 


refueling stations already exist (Figure 1) because these coastal countries have easy access to 


large LNG import terminals. Nevertheless, the situation is quite challenging for landlocked 


countries like Austria. The nearest LNG terminals are the Gate terminal in Rotterdam/the 


Netherlands and the Fluxys terminal in Zeebrugge/Belgium, but the distance to both terminals is 


about 1,000 km from central Austria. 


 


A development which facilitates solving this issue is the trend towards small scale applications. 


Previously, only the large scale section of the LNG value chain has been focused which includes 


large liquefying facilities in the export countries, the transport of LNG in huge ocean-going 


tankers and subsequently the regasification of LNG at the place of destination. In contrast to this, 


so called small scale LNG projects are emphasized recently. These projects comprise small 


liquefaction plants, whereby a capacity of less than 0.68 Mtoe per year is considered to be small 


scale [15]. Furthermore, LNG gets transshipped from large tankers to smaller vessels and trucks, 


which is also called “breaking bulk”. The storage of LNG as well proceeds in smaller units, so 


called satellite stations. The small scale market is quite new and still in a stage of development 


[16] [17] [18]. 


 


Now, how can landlocked countries like Austria benefit from this advancement to small scale 


projects? The positive impact is that distributed LNG volumes become smaller which makes it 


practical to distribute limited amounts of LNG to remote customers like fleet owners in Austria. 


For example, a truck can be chartered to carry several tons of LNG to a refueling station in a 


landlocked area. Which supply chain scenarios in detail become possible is illustrated in Figure 3. 


 







 


 


 
Figure 3: Supply chain scenarios for landlocked Europe (images: Shell) 


 


There are two basic possibilities how to supply an LNG refueling station. The first is to use 


pipeline gas to produce own LNG, the second is to purchase LNG at an import terminal and 


transport it to the place of consumption. 


 


The first option might certainly be interesting if the procurement routes for LNG are very long 


and transportation costs hamper profitability. Anyway it has to be said that a liquefier is the most 


expensive and most complicated part of the supply chain. Sometimes it is stated that small 


liquefiers are less efficient than larger ones [19]. Of course there also needs to be excellent 


access to the natural gas pipelines, but also other sources of gas could be used for this purpose 


like landfills or sewage plants. Liquefiers can be delivered in a modular design and readily be 


installed and tested. On the whole, it can be said that producing own LNG presents a significant 


opportunity to ensure autonomous LNG supply but is probably not advisable for newcomers in 


the LNG business. There are high investments necessary but in the end it will bring a lot of 


flexibility. 


 


To establish oneself in LNG application, it might rather be useful to arrange the transport of 


LNG from an import terminal to the hinterland. For this purpose, there are three possible means 


of transport, namely by truck, by train or by inland waterway vessel. LNG from the import 


terminals will most likely come from the largest countries exporting LNG which are definitely 


Qatar, Malaysia and Australia. For Europe, Algeria and Nigeria are also very important 


supplying countries [20] [21]. 







 


 


 


Truck transports are environmentally and economically feasible only for limited distances. 


Anyway, it is currently the easiest and most viable possibility to transport LNG. Almost any 


transport service provider offers shipping LNG by truck, the prices for these transport services 


vary between 11 €/MWh and 14 €/MWh. Road transport is very convenient because the trucks 


can be directly loaded at the respective LNG terminal and drive straight away to their 


destination. Either tank trucks or specific ISO containers with tractor units can be used for this. 


The service of truck loading is possible at LNG terminals in Belgium, the Netherlands, France, 


Portugal and Spain. Some other terminals, e.g. in Italy, are discussing this possibility at the 


moment [22]. 


 


Second, it is also possible to transport LNG by rail. In Japan, this economic and ecological mode 


of transport regarding LNG is already very common, much more than in Europe [1]. For large 


volumes, this is certainly the better solution compared to trucks. However, the supply chain 


becomes more complex in this case. At Gate and Fluxys terminal, there is no access to rail tracks 


and there is also no other LNG terminal offering rail loading in Europe at present [22]. For this 


reason, LNG has to be first transported by truck and then reloaded to the train. A rail container 


terminal which features the necessary expertise in handling dangerous goods like LNG is located 


in Moerdijk/the Netherlands which is about 40 km away from the Gate terminal in Rotterdam 


and 150 km away from the Fluxys terminal in Zeebrugge. Of course, the extra transshipment to 


allow transportation by rail is inconvenient and costly. Hence, rail loading will only pay off if a 


block train and not just single wagons are used. Like with truck loading, either tank wagons or 


ISO containers could be theoretically used, though an appropriate tank wagon is only just being 


developed at the moment by VTG. These new rail tank cars should be available by the end of 


2014 and will innovate European LNG rail transports [23].  


 
Finally, there is also the option to transport LNG on inland waterways. This is certainly the most 
sustainable way of moving LNG. The Rhine-Main-Danube-axis connects the landlocked countries 
of Central Europe with the North Sea on the one hand and the Black Sea on the other hand. For 
the purpose of shipping LNG on vessels, the LNG terminals need to offer reloading or 
transshipment. Transshipment is the direct transfer of LNG from one vessel into another. A lot of 
terminals currently offer or consider reloading LNG into vessels but only two terminals, Montoir 
de Bretagne (France) and Cartagena (Spain), offer transshipment presently [22]. Unfortunately, 
transport service providers are actually restricted in offering this solution because of legal issues. 
This is because the European Agreement concerning the International Carriage of Dangerous 
Goods by Inland Waterways (ADN) forbids the transport of LNG via inland waterway tankers at 
this time. Furthermore, European law prohibits LNG as a fuel for inland vessels at present because 
it has a flashpoint lower than 55 °C (the flashpoint of LNG is just about -187 °C). Nevertheless, 
there are three barges operating successfully with a certification of exemption between Rotterdam 
and Basel [3] [24] [25]. Moreover, several freight forwarders announced that they would offer 
inland waterway transports in the future when the regulatory issues would be clarified. An 
important EU-project called “LNG Masterplan for Rhine-Main-Danube” recently also focuses on 
facilitating the transportation of LNG on the Rhine-Main-Danube axis. The LNG Masterplan is an 
on-going project which will deliver a set of feasibility studies, technical concepts and pilot 
deployments of terminals and vessels [26] [27]. 


 


2.2 Analysis of Demand 


The second market force which inevitably determines the potential of LNG in landlocked Europe 
is demand. In order to examine demand for LNG, dedicated semi-structured interviews have been 







 


 


conducted with a representative number of Austrian logistics service providers and other 
companies with comprehensive transport activities. The sample consists of ten fleet managers and 
commodity managers of the five largest trucking companies in Upper Austria, a waste collection 
company, two construction companies with large fleets to distribute their construction material, 
the transport and logistics division of a significant retailing company and a public transport 
operator. Thus, a very diverse compilation of interview partners has been selected which makes it 
possible to analyze very different fields of application of LNG as a fuel, i.e. for conventional 
trucks, garbage trucks, public buses,… The semi-structured interview type has been chosen 
because on the one hand it allows to constitute the basic framework of the study by asking each 
company the same key questions, and on the other hand the respondents are not bound to any 
answering possibilities so that they can answer frankly and contribute new aspects to the 
interview. 
 
Interestingly, LNG as a fuel was no completely new issue for some of the interviewed companies 
although there is no LNG infrastructure at all existing in Austria at the moment. For example, one 
logistics service provider already conducted a detailed evaluation of several alternative fuelling 
possibilities. This study also included LNG. Another logistics service provider also carefully 
examined the opportunity of introducing LNG, the reason for this was that an LNG truck 
awakened the interest of the responsible fleet manager at a vehicle exhibition. A third Austrian 
transport company is also assessing the acquisition of LNG fuelled trucks at this time since their 
customer required them in an audit to do so. However, the response of most of the companies was 
that they have just heard of LNG but they never considered it as a feasible fuel option for their 
fleet, in rare cases LNG was even completely unknown. 


 


To summarize the main findings of the interviews, it can be stated that interest for LNG as a fuel 


definitely exists in Upper Austria, but unfortunately there are still several barriers which are 


hampering this interest recently. This is evident since two of three companies which already 


extensively considered the introduction of LNG came to the conclusion that LNG is no viable 


fuelling possibility for them, at least at present. The remaining fleet owners (which have heard of 


LNG but didn’t assess it in detail) were predominantly open-minded about LNG. Just one 


responded that LNG is no option at all for them because it is still a fossil fuel and they absolutely 


prefer renewable energies. Nevertheless, this company claimed that they would be interested in 


Bio-LNG anyway. The interviewed waste collection company was also susceptible to the issue 


of Bio-LNG which is very promising because they own several landfills and could function as a 


supplier for Bio-LNG. 


 


Regarding the reasons why the companies would be willing to switch to LNG as a fuel, the 


typical economic and ecological advantages have been mentioned most of the time. As it has 


already been described in the introduction, LNG is cheaper and environmentally friendlier 


compared to other fuels like diesel. The interview partners also stated other reasons like the 


intention to look for alternative fuels in order to ensure security of supply or to comply with 


legislation like emission regulations. 


 


An important part of the research was furthermore to detect the conditions which must be 


fulfilled to make LNG an attractive alternative fuel. A lot of requirements could be revealed 


which could hamper LNG application in Austria seriously. Above all, the already quoted 


problem of missing infrastructure is an obstacle. Anyway, the financial matters are equally 


important. This means that switching to LNG has to pay off on the whole for the fleet owners. At 


present, investment costs for LNG technology are significantly more expensive than for example 


for diesel. This higher capital expenditures need to amortize to make LNG an applicable option. 


It can be concluded that subsidies will be necessary to ensure certainty of investment for the first 







 


 


pioneer customers. After some time, when the production volumes of LNG trucks etc. are 


probably rising, this problem will not be as severe anymore. 


It is also important that there is technically mature equipment available on the market. One of the 


trucking companies which already evaluated LNG had the impression that the truck 


manufacturer was not ready to meet the requirements of the markets some months ago. But also 


questions concerning the operation of the trucks are unsettling potential pioneer users. Some of 


them know about the boil-off-gas issue and are not sure if this could lead to serious troubles.  


Additionally, they have no experience in terms of maintenance of LNG fuelled vehicles. 


Finally, also legal issues worry the interviewed companies. They are aware that the legal 


framework is still unresolved and require that the EU provides harmonized, coherent regulations 


related to LNG for all member states. 


 


Basically, it can be assumed that there will be demand for several LNG pilot vehicles initially. 


After LNG technology gained wide acceptance as the pilot projects were successful, there will 


certainly be more potential and demand will gradually rise. 


 


3 Conclusion 


LNG is a promising alternative fuel for road vehicles as well as for marine vessels. It has been 


shown that LNG application yields a number of benefits, economic ones as well as ecological 


ones. Unfortunately, the landlocked regions of Europe are restricted in the use of LNG because 


they do not have access to the necessary infrastructure. LNG import terminals are located by the 


seaside, and also LNG refueling stations are rather stationed in those countries where there are 


import terminals. 


 


The reason for the missing infrastructure in landlocked Europe is that a chicken-and-egg 


situation is dominating this area. Potential users do not show any demand because there is no 


infrastructure available. Reversely, infrastructure is not created because there is no demand 


signalized. To counteract this deficiency, the present paper analyzes the potential and the 


challenges bound up with LNG introduction in landlocked Europe. For this purpose, the two 


main market forces have been examined, namely supply and demand. The country of Austria is 


taken as an example for this. 


 


 
Figure 4: LNG application in landlocked Europe 


 


The results are predominantly in favor of establishing LNG there. The supply analysis 


emphasized that there are several ways how LNG could be distributed to landlocked regions like 







 


 


Austria. Presently, transporting LNG by truck is the most convenient and viable way. This is 


because it allows flexibility and is easy to establish in a first step. Later on, other transport modes 


will certainly be more economic, namely to distribute LNG by rail or on inland waterways. 


However, the conditions to put these transport options in place have still to be met. For example, 


suitable rail tanks to carry large volumes of LNG economically at one time are currently being 


developed. Moreover, some legal issues have to be clarified to facilitate the shipping of LNG on 


inland waterways. The paradigm change from large scale LNG to small scale applications further 


promotes LNG supply to landlocked regions as smaller amounts of this commodity can be 


distributed now. 


 


The results of the demand analysis are also encouraging the introduction of LNG as a fuel in 


landlocked Europe. The interviewed companies in Austria mainly showed dedicated interest for 


LNG as an alternative fuelling option. Despite this, it has to be pointed out instantly that there 


are several requirements which must be fulfilled to encounter this demand. Apparently, the 


obligatory infrastructure must be provided to enable the fleet owners pursuing their interest in 


LNG. Above all, LNG application also has to pay off financially. The ecological advantages are 


fine but it is still necessary that the investments amortize. Some other conditions have been 


mentioned as well like legal concerns or issues regarding the operation of the vehicles. 


 


On the whole, it can be said that LNG has potential in landlocked Europe. The first steps to 


implement it as a fuel have already been taken. Anyhow, there will be still a long way to go to 


fully establish it as a feasible fuel option there. 
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[bookmark: _GoBack]TASK 15: EMPIRICAL REVIEW OF INTERNATIONAL TRANSPORTATION OF LIQUEFIED NATURAL GAS (LNG) BY RAIL



TASK OVERVIEW



DOT is engaging with international shippers and reviewing historical experiences in countries where LNG has been transported safely to gain lessons learned and best practices that can be adopted domestically.  



BACKGROUND



LNG has been transported by rail in a variety of countries, including Japan, Germany, Spain, and Portugal, using cryogenic tank cars and/or ISO portable tanks.  Other countries in Europe, such as France, The Netherlands, Poland, and the United Kingdom, have capabilities for loading and transporting LNG by rail, and continue to analyze the potential market for LNG-by-rail.  In addition to transporting LNG as freight, rail operators in many countries have studied or used LNG as a locomotive fuel, often in a “dual fuel” set-up that fuels the locomotive with either diesel or LNG.



ANALYSIS



PHMSA engaged directly with Japanese shippers because LNG has been transported by rail in Japan for approximately two decades, first between the cities of Kanazawa, Niigata, and Aomori from 2000 to 2015, and more recently in Hokkaido, the northern-most island of Japan, from 2013 to the present.  In a meeting with PHMSA, the Japanese rail operator, Japan Freight Railway Company (“JR Freight”), relayed that there have been no accidents with an LNG container transported by rail.  Demand for LNG cars is typically 8–10 cars per day, and is most commonly transported in portable tanks measuring 12, 20, or 31 feet in size.  In Japan, there is a universal train length limit for all types of freight (540 meters; or approximately 26 freight cars and 1 locomotive); however, there is no limit based on whether the rail car contains LNG or other dangerous goods.  Prior to transporting LNG by rail, JR Freight coordinated with different governmental ministries, such as the Ministry of Economy, Trade, and Industry.



Key Takeaways



Internationally, LNG has been transported safely by rail for decades.  There have been no reported LNG-by-rail incidents in Japan throughout its 20-year transportation history. 



PLANNED NEXT STEPS



PHMSA and FRA plan to draft and coordinate a report summarizing the information obtained on the international transportation of LNG by rail.
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