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Introduction 
The purpose of the IMO model coursesis to assist maritime training institutes and their 
teaching staff in organising and introducing new training courses, or in enhancing, 
updating or supplementing existing training material where the quality and effectiveness 
of the training courses may thereby be improved. 
It is not the intention of the model course programme to present instructors with a rigid 
'teaching package' which they are expected to 'follow blindly' .Nor, is the intention to 
substitute audio-visual or 'programmed' material for the instructor's presence .As in all 
training endeavours, the knowledge, skills and detication of the instructor are the key 
components in the transfer of knowledge and skills to those being trained through IMO 
model course material. 
Because educational systems and the cultural backgrounds of trainees in maritime 
subjects vary considerably from country, the model course material has been designed 
to identify the basic entry requirements and trainee target group for each course in 
universally applicable terms , and to specify clearly the technical content and levels of 
knowledge and skill necessary to meet the technical intent of IMO conventions and 
related recommendations . 
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1. EXACUTIVE SUMMARY 

1.1 Main Conclusions 

* Just another commodity scenario? 

The surplus of LNG from the development of new liquefaction plants coupled with the 
increasing deregulation of power production could help create the conditions where LNG 
can be traded much like and other bulk commodity. 
Traditionally LNG has been supplied through a very rigid chain of LNG. plant, export 
terminal and port, shipping (usually purpose-built vessels dedicated to the specific 
contract), receiving port and terminal, regasification unit, storage and distribution 
infrastructure to deliver regasified LNG to the end-user. Although the owners/operators of 
each component link may be different, ultimately all the investments are directed to the 
delivery of gas to the end-customer and each link has little value outside the context of the 
chain. 
But, why should this model continue to dominate when there is a surplus of supply and 
plenty of potential demand? If the LNG chain can be broken up with each component part 
remaining confident that it can source or sell (or both) LNG the benefits for future trade 
prospects could be enormous. 
In many respects the industry is in a 'chicken and egg' situation in that a 'just another 
commodity trade situation cannot develop until there is a sufficient independent supply, 
demand and transport; but until there is a 'just another commodity' trade situation sufficient 
independent supply, demand and transport can not be developed. 
Eventually LNG could be traded on the same basis as oil or more likely LPG; with the 
shipping element covered by a combination of long-term period charters, shorter term 
period charters, COAs and spot single voyage spot fixtures. 

* Shipping capacity constraints market growth 

During the 1990s LNG trade grew in volume terms by an average of 6.22% per annum to 
reach 124.2 hem in 1999.If this same rate of growth is extrapolated to 2010,global LNG 
trade will almost double to 241.3 bcm, Given the same level of operating efficiency and no 
change in average haul lengths this would require an additional 40xl38,000 cum vessels to 
the 25 LNG carriers already on order to enter service by 2010. 
The LNG carrier fleet, in terms of cubic capacity, grew almost exactly the same annual 
average rate as trade during the 1990s at 6.15%.If fleet growth is to continue at the same 
rate, an additional 44x138,000 cum vessels, on top of the current order book, will need to 
enter service by 2010. 
That the average rate of growth of the LNG fleet and the average rate of growth in LNG 
trade match each other in the 1990s hides the fact that the utilization of the fleet improved 
considerably over the decade. Given that the LNG fleet is now almost fully employed, 
perhaps the rates of growth of cubic meter mile demand will provide a better pointer to the 
future requirement for LNG carriers. During the 1990s cubic meter mile demand grew at an 
annual average of7.84%.Ifthis is assumed to continue to 2010 and the LNG fleet matched 
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this rate on growth; an additional 71x138;000 cum carriers to the 25 vessels currently on 
order will need to enter service by then. 
An alternative way to look at the forecast vessel requirement would be to look at how many 
vessels would be required as a bare minimum to deliver the forecast additional trade over 
the predicted average haul length, assuming a perfect operating environment and maximum 
efficiency. Under this scenario a further 28x138,000 cum vessels will be required in 
addition to the current order book to be in service by 2010. 
The major unknown in the future trade growth is the amount of spot trade and principally 
the level of imports into the USA. To a large extent this will probably depend on the 
availability of vessels to facilitate such trade. In the summer of 2000 when vessels were 
available and LNG prices competitive, a lot of spot LNG moved to the USA. 
More so than in most other bulk commodity trades the growth of LNG trade will be 
constrained by shipping capacity. In most other bulk trades, shipping capacity restraints 
tend to be very short-lived as the markets quickly encourage new building and extend 
vessel life by discouraging scrapping. In LNG however, the high costs and barriers to entry 
plus the long life of-vessels mean that the market does not necessarily act quickly to resolve 
the situation. Much of the problem comes down to finance for these highly expensive 
sophisticated ships. Bankers have long memories and are understandably reluctant to 
advance huge sums of money to a sector that saw many vessels delivered in the 1930s 
straight into lay-up. They will also be reluctant to lend on the basis that these vessels can 
trade in a spot or short-term market when there is little precedent that this can be 
successfully done. 
If the industry is to grow significantly beyond the traditional rigid long-term contracts and 
evolve into something close to a more normal bulk commodity market it will take some 
bold and visionary decisions by present or future industry players and a certain degree of 
bravery from potential financiers. 

* LNG new orders in 2000 

As of 1 September 2000,t5 (plus options) orders have been placed for new LNG vessels 
and a significant proportion of these were placed without any firm employment contracts. 
These speculative orders have been placed on some pretty sound fundamentals. There is, 
and will be in the near future, plenty of supply of LNG with several major new plants and 
expansions having come on-stream in recent years. There is also a reasonable amount of 
spare capacity at receiving terminals and, given the high crude oil prices of 2000,LNG has 
became significantly more competitively priced. The bottleneck in the supply chain 
between ample supply and strong demand is the transport element. There are not enough 
LNG vessels around to meet the potential demand and the situation is deteriorating as more 
projects come on-stream mopping up any remaining vessels that have been laid up or 
operating in the spot/short-term market in recent years. 
So if the vessels were there they would be used, but that of course does not in itself mean 
that it it a profitable business to take part in. However, the steep fall in new building prices 
in the last few years has made the economics of owning and operating LNG vessels 
increasingly more attractive. 
Many of the speculative new orders will have been placed in the knowledge that there looks 
to be a good chance the vessels will be able to pick up long-term employment contracts of 
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the traditional kind. Some, however, see an altogether mote exciting future for LNG 
shipping. 

1.2 Natural gas demand trends 

* Natural gas is the third largest source of primary energy in the world, after coal and oil. 
Natural gas is responsible for 24.2% of world energy consumption. This compares with oil 
(40.6%), coal (25%),and nuclear (7,6%) 
* Rapid demand growth in the 1970s and 80s. 
Natural gas enjoyed a period of remarkable growth in the 1970s with consumption more 
than doubling. During the 1930s,consumption expanded by a less spectacular 33%,but this 
was also remarkable considering that over the same period crude oil consumption increased 
by only a very small amount. 
* Demand growth slow-down in the 1990s. 
During the 1990s gas consumption growth started to weaken dramatically with the marked 
reduction in demand by the Fonner Soviet Union. World consumption growth was further 
undermined by the impact of the economic turmoil in the Asia Pacific region, which was 
partly responsible for a 0,7% contraction in gas consumption in 1997.However, LNG 
consumption recovered in 1998 with a growth of 1.3%, followed by a 2.4% expansion in 
1999. This pushed total demand growth during the 1990s to 16,5% 

1.3 Natural gas reserves 

* Plentiful reserves. 
Worldwide reserves of gas are now recognized to be, very large (146.43 trillion cum in 
1999),much larger than was thought twenty five years ago when, for example, the EEC 
limited gas use to so-called priority sectors. The reason for this apparent increase in 
reserves is largely that greater interest in the use of gas has spurred exploration in 
previously written-off areas. 
Gas is now estimated to have reserves worldwide which are as great as oil, although both 
are much smaller than coal reserves. The reserve/production ratio for gas is rather larger 
than that for oil at 51.9 years as against 41 years. The RIP ratio for coal is 230 years. 
* Reserves typically located away from gas markets 
Although gas reserves are relatively plentiful viewed from a global basis, the market suffers 
from an uneven distribution of these reserves, which means that most of the gas consuming 
regions will gradually become more and more dependent on imported gas. 
The major gas reserves are concentrated in the Former Soviet Union (mainly Russia) with 
39% 
of reserves (56.7 trillion cum) and the Middle East with 34% of reserves (49.5 trillion 
cum).The next largest gas location is Africa with 8% ofreserves. 
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1.4 Historical Development of Natural Gas Carriage 

By the 1950s the liquefaction process and LNG storage in stationery tanks had been 
developed, but nothing had been done regarding ocean transportation. Although Godfrey 
Cabot patented his river barge concept in 1915, forty years later little progress had been 
made. William Morrison began development in the USA in 1952, Dr. Oivind Lorentzen 
designed a ship with spherical tanks in Norway in 1954, and by 1955 Shell and Gaz de 
France were both working on the shipping process following a huge gas discovery in 
Algeria. 
By 1959 the Constock Group had successfully carried the first cargo of methane from lake 
Charles to Canvey Island in the U.K. on the Methane Pioneer. With the success of the 
Methane Pioneer, events started to move at a quicker pace, especially when the U.K. 
decided to import gas from Algeria. Work began on the construction of two LNG carriers 
with aluminum tanks of the conch design. (Constock was renamed Conch Methane Ltd. in 
1959).They delivered in 1964 at a cost of about 4 .8 million pound each. Called the Methane 
Progress and Methane Princess, they each had a cargo capacity of about 27,400 cum. The 
demands of British Gas determined the size and speed-about 17 knots-required for weekly 
round trips. 

France also needed Algerian gas and after tank design and insulation trials on The Beauvais 
(a converted liberty ship), the first French built ship, The Jukes Verne, was launched in 
September 1964. It used a design of self supporting tanks constructed self-supporting tanks 
constructed of 9% nickel steel which had low carbon content. It had seven tanks with a total 
capacity of 25.840 cum. A membrane design was also being built for Philips Marathon to 
carry LNG from Alaska to Japan. By now the size was up to 71,651 cu.m for the Polar 
Alaska and Artie Tokyo, both built at the Kockums yard in Sweden. While ships were 
being built for specific projects, in 1969 Gazocean ordered 50.000 cu-m vessels using, the 
Technigaz membrane technique without any transport contact. Named the Descartes, it was 
the world first LNG ship on speculation. Gazocean idea was that the ships could be used as 
back-up for various projects or, if no LNG work was forthcoming, it could carry LPG. It 
was initially used for LPG but soon picked up a contact for deliveries from Algeria to 
Cabot LNG in Boston and then to Gaz de France. 

Brunie, the first Asian LNG producer, began deliveries to Japan in 1972 on the 75,000 cu 
m Gadinia which was the first of a seven-ship class (in size). The vessel is also being 
operated by Brunie State Shipping Company. 

By 1970 Kvaemer Moss had designed a large ship of 88,000-cu-m capacity using spheres 
and in 1973 the first ships were delivered, the Norman Lady and Pollenger. Such was the 
design of these ships that their size soon increased. In 1977 Abu Dhabi began shipments to 
Japan using four ships of 125,000-cu-m size provided by Gotaas Larsen. With entry of 
Indonesia as an LNG producer, American yards started building Moss ships. By 1979 23 
ships were built or on order, mainly to carry LNG from Indonesia to Japan, first from 
Botang in August 1977, then from Arun in October 1978. The Japanese yards entered the 
LNG shipbuilding arena in 1982 when Kawasaki built the Golar Spiirt for Gataas Larsen 
fro Indonesia to Japan Business. 
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The Binyulu plant in Malaysia made its first delivery to Japan in 1983. This project saw the 
construction of five more 130,000-cu-m ships the membrane containment system. 

Australia entered the LNG shipping in 1987 with the North West Shelf project. It put in 
place a total project fleet of eight 127,000-cu-m vessels operating between Dampier and 
various Japanese ports. 

The next wave of LNG construction arrived in the early nineties with the plant expansion in 
Bintulu (Malaysia LNG Dua) in 1995, which required five vessels. The Abu Dhabi contract 
extension required replacement vessels: four were built in Japan for a subsequent plant 
expansion. The Qatargas project will require a total of ten ships. In 1997 the first of two 
non project dedicated ships was delivered SNAM (Eni - Italian): the 65,000 cu-m LNG 
Portovenere, followed in 1998 by the LNG Lerici. 

2. THE NATURAL GAS MARKET 

2.1 What is Natural Gas and LNG? 

At the outset some brief definitions of properties and uses are worthwhile, especially as it is 
necessary to make a distinction between natural gas and LNG. 

2.1.1 Natural gas 

Natural gas is predominantly methane (typically 90%), but also present in varying 
proportions are smaller amounts of ethane, propane and butane. Small quantities of 
nitrogen, oxygen, carbon dioxide, sulfur compounds, and water may also be found in 
"pipeline" natural gas. 
Gas obtained in solution from oil reservoirs is termed "associated gas" and normally 
contains a larger quantity of butane and heavier hydrocarbons. Sometimes this is referred to 
as Vet gas. Conversely, gas produced from unassociated reservoirs is usually known as 
"dry gas". The composition of some commercial natural gasses and the hydrocarbon 
content in typical 
"Wet" and dry" gasses are summarized in table 2.1. natural gas is transported via pipeline/ 
however it is extremely bulky ; for example a high pressure gas line can transport only 
about one fifth the amount of energy a day that can be conveyed through an oil pipeline . 

2.1.2 Liquefied natural gas {LNG} 

The inefficiency of natural gas pipelines coupled with technical and economic problems of 
running pipelines over long distances directly contributed to the creation of the 
international LNG business. If gas is cooled to minus 160.5c {-260f}, it becomes liquid and 
more compact occupying only 1/600" of its gaseous volumes. During liquefaction most of 
the heavier hydrocarbons are removed what is transported by sea in bulk is predominantly 
methane - over BO % - a colorless, transparent liquid, which is non-toxic, and non- 
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corrosive. LNG is however, a very volatile cargo and only specialist operators are involved 
in transportation. 
Some of the main physical properties of methane are set out in table 2.1. Other terms 
relating to the natural gas and LNG industries can be fount in the glossary. 
2.1.3. Applications 
Natural gas meets many of the requirements for fuel in a modem day industrial society. It is 
efficient, pollution - friendly and has flexibility of control. Key uses are: 

Table 2.1 
Composition and properties of natural gas 
Composition {percentages by volume} 

Netherlands 
Gromngen 

Brunei Algeria 

Methane 81.7 88.0 86.5 
Ethane 2.7 5.1 9.4 
Propane 0.4, 4.8 2.6 
Butane 0.1 1.8 1.1 
Pentane 1.1 0.2 0.1 
Nitrogen 14.0 0.1 0.3 

Hydrocarbon content in wet and dry gasses Percent Wet Gas Dry Gas 

Methane 
Ethane 
Propane 
Iso - butane 
N-butane 
isopentane 
b- Pentane 
Hexane 

84.6 
6.4 
5.3 
1.2 
1.4 
0.4 
0.3 
0.4 

96.00 
2.00 
0.60 
0.18 
0.12 
0.14 
0.06 
0.10 

Physical properties of methane {LNG} 
Symbol: CH4 
Carriage temperature: -165 c 
Cargo pressure: 1.04 kg/sq.cm 
Specific gravity {typical}: 0.475 
Flash point: -175c 



• 
7 

-Public and commercial - space and water heating and cooking 
-Industrial - as an under boiler fuel for steam raising and healing applications 
• electricity generation by -fuel for base load and combined cycle/ co generation power 

plants 
• alternative motor fuel to diesel -with only one carbon and four hydrogen atoms Per 

molecule , natural gas is cleanest burning fossil fuel petrochemicals - a variety of 
chemical products e.g. methanol can be derived from natural gas 

• 2.1.4. the natural gas industry 
Where there are pipelines, natural gas is typically moved as a gas through the pipeline 
system. However , when natural gas needs to be stored or moved by ship , it is converted to 
LNG .Because of the existence of a pipeline system , LNG plays only a small role in the 
natural gas market in the united pipelines are lacking . 

LNG storage 

Cove point gas storage facility in Maryland, USA g/ is describe here in order to provide an 
example of a typical LNG storage terminal. 
Cove point was built in the 1970s and includes an offshore terminal for receiving shipments 
of LNG and onshore shore storage. The two parts of the site are over a mile apart and are 
connected by a pipeline for transporting people. The offshore terminal only received 

The natural gas industry 

LNG shipments between 1978 and 1980, and has been shut down ever since. The terminal 
is due to re - open for LNG imports in 2002. meanwhile the facility has been operating as a 
natural gas storage site since 1995 when it added a process to convert natural gas into LNG 
about 30 people now work at site compared to 126 employees who worked there when the 
offshore terminal was open .the cove point storage site receives natural gas from a pipeline, 
converts it to LNG, and stores in tanks. When natural gas demand is al its highest the LNG 
is converted back into natural gas and returned to the pipeline. It lakes much longer to 
convert natural gas to LNG than is does to convert the LNG bask into natural gas. It takes 
about 90 days to fill one off the four storage tanks at cove point, while it only lakes a day 
and a hall to empty a tank. 

2.1.5 Natural gas and the environment 

Natural gas produces significantly less of the emissions addressed in the US 1990 clean Air 
Act amendments. Those emissions specifically being particulate matter {pm} carbon 
monoxide {co}, nitrogen compounds {nox} and non - methane hydrocarbons {NMHC} 
us perspective from the Kyoto report {EIA} natural gas is a dean ,economical ,widely 
available fuel used in more than 58 million homes and more than 60 percent of the 
manufacturing plants in the United States . 
Almost one - quarter oil the energy consumed in the United States comes from natural gas 
in 1996 the combustion of natural gas produced 318 million metric tons of carbon 
emissions in the United States ,about one -fifth of the U.S total . The industrial sector was 
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responsible for the biggest share of those emissions, about 45 percent, followed by 
residential, commercial, and electricity generation in order of magnitude. Twelve years 
from now, if no carbon reduction measures are put in place, emissions from natural gas 
combustion are expected to be about the protected emissions are higher in 2010, the natural 
gas share of total emissions increases only slightly from 1996 

2.2. World primary energy consumption 

World energy consumption during the 1990s is table 2.2 this reveals that world energy 
demand grew by 8.6% between 1990-99. If the former soviet union is excluded this figure 
rises to 13.1% demand growth in the early 1990s was flat due to recession in the GECD 
economies and more importantly the decline in eastern European demand following the 
collapse of the soviet bloc. Rapid economic development in south east Asia and Latin 
America offset declining demand elsewhere to keep demand relatively constant the mid - 
1990s saw demand growth pick up again to a more healthy 2.1 % in 1995 and 3.4% in 1996 
modest energy demand growth returned to the ODECD economies as they recovered from 
recession ; the rate of decline in FSU consumption began to bottom out and demand growth 
in South East Asia and Latin America picked up even more strength .however ,by the end 
of the decade .energy demand from ODECD economies and the start of a Merced slow - 
down in South East Asian demand growth as the region entered an era of economic turmoil 
between 1980 and 1990 natural gas market share gradually increased from 19% to 23% 
thereafter its market share has remained stable within a narrow band 23% -24% the other 
fuel types have roughly maintained their respective market share during the last ten years , 
although coal market share , which fell significantly during the 1980s has continued to 
weaken slightly . 

Table 2.2 
World primary energy consumption, 1990-99 
By region 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

North America 2.234 2.232 2.230 2.274 2.320 2.379 2.407 2.483 2.501 2.515 2.557 

Latin America 268 270 277 285 294 307 322 339 356 368 371 

Europe 1.770 l.741 l.731 1.709 1.707 l.695 1.733 J.796 1 .790 1 .806 l.801 

FSU 1.373 1.398 1.349 1.253 1.137 1.025 970 936 899 895 908 
Middle east 250 254 259 273 286 303 321 344 358 369 380 
Africa 206 212 212 213 220 228 239 348 252 257 261 
Asia/ Australia 1.682 1.748 1.802 1.881 1.957 2.075 2.188 2.314 2.348 2.308 2.255 

Total world 7.782 7.856 7.861 7.887 7.920 8.011 8.178 8.459 8.504 8.517 8.534 
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%growth 

North America -0.1 % -0.1% 1.9% 2.0% 2.6% 1.1% 3.2% 0.7% 0.6% 1.7% 
Latin America 0.8% 2.5% 2.7% 3.2% 4.5% 4.9% 5.2% 5.2% 3.3% 0.9% 
Europe -1.6% -0.6% -1.3% -0.1% -0.7% 2.3% 3.7% -0.4% 0.9% -0.9% 
FSU 1.9% -3.5% -7.1% -9.3% -9.9% -5.4% -3.5% -4.0% -0.4% 1.5% 
Middle East 1.6% 2.1% 5.4% 4.5% 6.0% 6.0% 7.0% 4.3% 2.8% 3.2% 
Africa 2.8% 0.4% 0.5% 3.1% 3.7% 4.6% 3.8% 1.7% 1.8% 1.8% 
Asia/ Australia 4.0% 3.1% 4.4% 4.0% 6.1% 5.4% 5.8% 1.5% -1.7% -2.3% 

Total World 0.9% 0.1% 0.3% 0.4% 1.2% 2.1% 3.4% 0.5% 0.1% 0.1% 

By fuel type 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Oil 3.087 3.114 3.133 3.164 3.135 3.193 3.235 3.316 3.390 3.407 3.462 
Gas 1.738 1.772 1.804 1.806 1.846 1.853 1.909 2.004 1.989 2.015 2.064 
Coal 2.272 2.244 2.189 2.179 2.171 2.186 2.218 2.298 2.285 2.243 2.130 
Nuclear 502 517 541 546 565 575 600 621 617 627 651 
Hydro 182 189 194 193 203 205 216 219 222 225 227 

Total World 7.782 7.856 7.861 7.887 7.920 8.011 8.178 8.459 8.504 8.517 8.534 

% of total 

Oil 39.9% 39.9% 40.1% 39.6% 39.9% 39.6% 39.2% 39.9% 40.0% 40.6% 
Gas 22.6% 22.9% 22.9% 23.3% 23.1% 233% 23.7% 23.4% 23.7% 24.2% 
Coal 28.6% 27.9% 27.6% 27.4% 27.3% 27.1% 27.2% 26.9% 26.3% 25.0% 
Nuclear 6.6% 6.9% 6.9% 7.1% 7.2% 7.3% 7.3% 73% 7.4% 7.6% 
Hydro 2.4% 2.5% 2.4% 2.6% 2.6% 2.6% 2.6% 2.6% 2.6% 2.7% 

Table 2.3 
Natural gas consumption as percentage of total energy consumption by region 
(Million tones oil equivalent) 

1998 1999 
Natural Total O/o Natural Total O/o 

Gas Energy Gas Gas Energy Gas 
USA 552.4 2169.5 25% 555.3 2204.9 25% 
Canada 63.3 221.9 29% 64.3 227.8 28% 
Mexico 31.9 123.8 26% 31.9 124.6 26% 

North America 647.6 2515.2 26% 651.5 2557.3 25% 

Argentina 27.5 55.6 49% 30.1 57.9 52% 
Brazil 5.6 126.0 4% 6.4 127.4 5% 
Venezuela 29.1 56.1 52% 28.8 56.0 51% 

Latin America 80.6 367.9 22% 83.8 371.2 23% 




