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Abstract  
   
This paper discusses the economic benefits of using natural gas as a fuel with marine steam turbine as a propulsion 
option for LNG carriers benefiting the boil-off gas that occurs during loaded voyage. It also aims at studying the 
possibility of replacing the heavy fuel tanks of the ship with liquefied natural gas which is makes it possible to gain about 
4% to the cargo. Several studies have referred to the possibility of using the natural gas as an alternative fuel to the 
heavy fuel of the ship in the marine engines. The current research study analyzes and discusses the performance of 
steam turbine engines when using the natural gas compared to the different kinds of marine fuel )Heavy fuel oil ,Marine 
gas oil) . The study has shown that the liquefied natural gas saves about 90% of the operation costs compared to the 
consumption rate on using the heavy fuel.  The study has also shown the decrease of emissions of about 57%, (CO2) with 
about 28% of carbon dioxide and it is void of the nitrogen oxides (NO2). The fears increase about the harmful effects 
arising from the wide use of the traditional fossil fuel in the marine fields and the internal combustion engines in 
general. This leads to the huge amount of efforts to look for the development of alternative source  and renewable 
energy sources 
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1. Introduction 
 
Marine fuel plays a key role in operation of power plants 
onboard ships [1]. Use of the conventional marine fuels as 
a source of energy for traditional marine power plant 
have been faced a lot of barriers due to its demerits 
especially regarding to the environmental and economic 
point of views[2]. Environmentally, several inventory 
studies suggested that in 2000, 15% of all global NOx 
emissions and 4-9% of global SO2 emissions have been 
emitted around by ocean going ships. [3] 
 Marine conventional fuels are normally fossil fuels 
which contain large quantities of carbon and sulfur 
leading to increased harmful emissions along with 
nitrogen oxides resulting from the high temperature 
combustion of these hydrocarbon fuels [29]. Gaseous 
fuels such as natural gas, propane and hydrogen can be 
considered as alternatives to marine fuel. Not only are 
these fuels very low in sulfur content, but they also 
combust; thus, NOx, PM, and CO2 emissions are also 
reduced. Furthermore, they can be carried in compressed 
or liquefied states. There is many researchers studied the 
possibility of using some of alternative fuels, mostly 
liquefied natural gas [4, 7, 11, 14, 16, 17, 22 and 38]. 
Moreover, other researches pointed out the feasibility of 
using other types of alternative fuels such as hydrogen 
[27, 28, 29, 30, and 31]. Global warming, the greenhouse 

effect, acid rain, end of conventional energy sources (i.e. 
fossil oil), fluctuation of conventional source of energy 
prices, increased population and increased energy 
consumption. These entire factors make it clear that it is a 
must to find out new sources of energy and alternative 
power plants. Some researchers studied the possibility of 
use renewable or green energy sources for special marine 
application [3, 32, 33, and 34]. The need for renewable or 
green energy sources, in addition to improving the 
efficiency of using current fossil fuels in the marine field, 
makes it necessary to replace or improve current fossil-
fueled engines [35, 29]. 
 
2. Natural gas 
 
Many studies have pointed to the possibility of using 
natural gas as an alternative fuel for marine power plants 
[7], experiences of natural gas as a fuel for ships present a 
true challenge for world trading requirements; initially 
the use of NG as a main fuel type faced many problems 
because of safety issues, but these have become easier to 
control nowadays [8]. 
 Natural gas is a gaseous fossil fuel that contains 
methane as its primary component. It is derived from 
organic matter that was deposited or buried under the 
earth, millions of years ago [9], it is a mixture of paraffinic 
hydrocarbons such as methane, ethane, propane and 



Mohammed M Al Asiri et al                Natural gas as an alternative fuel in marine steam turbine of AL-HAMRA LNG carrier                                                                                                                                                                                

 

837 | Int. J. of Multidisciplinary and Current research, Vol.4 (Sept/Oct 2016) 

 

butane. Natural gas is a low-density and low-sulfur 
content fuel as compared to petroleum products and is 
practically free from carbon monoxide emission. Natural 
gas is converted to LNG by cooling it down to -162 C, at 
which it becomes a liquid, and this process reduces its 
volume by a factor of more than 600. Thus, natural gas 
has emerged as the most preferred fuel due to its 
inherently environmental benignity, greater efficiency 
and cost effectiveness [10]. 
 Natural gas can be found in three forms on-board 
ships: Gas form, Liquid form (liquefied natural gas, LNG); 
compressed gas form (compressed natural gas). The 
shipping industry has known LNG decades as a bulk 
commodity transported by large LNG tankers around the 
world. Recently a number of forward –looking companies 
have been paving the way by pioneering the use of LNG 
as a fuel especially for ships engaged on regular coastal or 
short sea shipping services. It is believed that in 5- 10 
years time the majority of ship contracted for short sea 
trades will use LNG as marine fuel oil [11,12]. 
 From the view point of availability; In the last ten 
years the world production of natural gas shows annual 
increase of 3.2%, while the world consumption was 
3.05%, refers that the sustainability of natural gas is 
greater than that of traditional liquid fuel (Diesel oil) [13], 
natural gas is well established as a major contributor to 
the world’s energy needs due to its availability, it derived 
from raw gas from offshore or onshore field as a dry, light 
fraction and mainly comprise from methane and some 
ethane. It is available directly at the gas field itself, in 
pipeline systems, condensed into liquid as LNG or 
compressed as CNG. The NG has lower level of noxious 
emission, carbon dioxide (20% than standard diesel), 
good combustion Characteristics (its ignition temperature 
about 600°C), led to reduction in maintenance and longer 
interval of overhaul [14]. 
   
Table (1) Comparison between alternative fuel for marine 

use [16,17] 
 

 
Coal 

F-T 
diesel 

H2 LNG 

Availability Good Good Excellent Very good 

Renewability 
Fairly 
good 

Good Excellent Fairly good 

Safety Excellent Excellent 
Fairly 
good 

Excellent 

Cost Excellent Good 
Fairly 
good 

Excellent 

Adaptability Good Excellent Good Excellent 

Performance Good 
Very 
good 

Good Excellent 

Environmental 
Bad 

Very 
good 

Excellent Excellent 
Impact 

 
The use of natural gas in internal combustion engines has 
been researched thoroughly to reach the optimum case in 
both engine performance and environmental impact. 
Both types of internal combustion engines were studied: 
the compression ignition and the spark ignition engines. 

All problems associated with the use of natural gas in 
these engines were dependent on the injection timing 
inside the engine cylinders and the cylinder geometry; 
accurate control is needed to avoid engine knocking and 
high-emission formation levels. Lean burn concepts also 
were investigated to reach low-emission conditions 
[4,15].  
  
3. Boil off gas 
 
Most of LNG carriers have the boil-off gas problem which 
takes place during storage, loading or discharging and the 
ship’s voyage. LNG is stored in a liquid state at a 
temperature below its boiling temperature point and at 
atmospheric pressure. As a result of imperfect insulation, 
the heat enters the cargo tank during storage and 
transportation. So, a portion of LNG cargo evaporates gas 
which is called Boil-Off Gas (BOG) [18,19] The propulsion 
options for LNG carrier should be able to utilize boil-off 
gas (BOG) very safely and easily [20], The boil-off gas 
contains the methane gas which is lighter than air, when 
using it as a fuel and in case of leakage it will exit from 
ventilation hatch openings outside the engine room. So, it 
can be exploded when any flame approach to it [21].  
There are many propulsion options applied in LNG 
carriers which can utilize the BOG as fuel like steam 
propulsion, dual fuel diesel electric (DFDE), gas turbine 
and two stroke slow speed diesel engine with gas 
injection [22,23], most of LNG carriers have the boil-off 
gas problem which occurs during storage, loading or 
discharging and the ship’s voyage. LNG is kept in a liquid 
state at a temperature below its boiling temperature 
point and at atmospheric pressure. As a result of 
imperfect insulation the heat gets into the cargo tank 
during storage and transportation. So, a part of LNG cargo 
evaporates gas which is called Boil-Off Gas (BOG) The 
boil-off gas averages between 0.1- 0.15 % per day; LNG 
ships utilize the boil-off gas as fuel for the propulsion 
systems.However, the high fuel consumption of steam 
turbine with low thermal efficiency, in comparison with 
the low consumption of diesel engines with high thermal 
efficiency, consequences of their replacement. However 
for custody transfer purposes when precise calculation of 
the heating value and density is needed the specific 
qualities relied on actual component analysis must be 
used. During an ordinary sea voyage, heat is transferred 
to the LNG cargo via the cargo tank insulation, resulting in 
vaporization of part of the cargo, boil-off. [24]. 
 

There are four main ways for the BOG created during LNG 
storage and handling: 
 
a. Releasing it to the atmosphere. 
b. Flaring it. 
c. Capturing it for utilization as gaseous fuel. (main point). 
d. Capturing and re-liquefaction it, return to cargo [25]. 
  
 
Due to its cryogenic nature, LNG is continuously vaporized 
and lost as boil-off gas (BOG) during storage and 
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transportation.The amount of BOG depends on the design 
and operating conditions of the LNG tanks and ships. In 
order to utilize the boil-off gas, calculation of BOG 
quantity must be carried out to the LNG vessels in order 
to know the loss of LNG during laden (loaded) voyage. 
 
                                                       (1.1) 
    
Where “V” is volume of boil off gas in m

3
,“C”is cargo 

capacity in m
3 

 

The mass of methane in boil-off gas is determined by 
following equation: 
 

                                                            (1.2)    
  
Where “M” is mass of boil off gas in tonne, "V" is volume 
of boil off gas in m

3 

 
By multiplying the rate of boil-off gas in tonne with the 
LNG carrier cargo capacity, the volume of BOG can be 
determined. 
 Firstly, according to AL-HAMRA LNG carrier with 

capacity 136357 m
3
 and by applying the above equations 

it can be calculate the volume of BOG in cubic meter per 

day (m3/day). Secondly, by knowing the rate of BOG 

which is 0.15% the volume of BOG per day is 

204.63m
3
/day. Mass per day can be obtained which are 

90 tonne/ day. The amount of BOG volume per day and 

the mass of methane in tonne per day with different 

voyage rout and different BOR. can be seen in figure 1 

 

 
 
Figure 1 Relationship between Boil-off gas rate and Mass 

of Boil-of gas 
 
Additionally, by knowing the LNG price which is 439.45 
USD/ton of LNG.  Therefore, by multiplying the mass of 
methane by 439.45 USD the cost of the lost LNG cargo 
can be obtained from the following equation: 
 
                                                (1.3) 

The BOG price per day which is lost from LNG cargo is 
39551 USD per day for the capacity 136357 cubic meters, 
thus the loss of about 1,186,515 USD in one month and 
increases if increased voyage time. 
 
4. Steam turbine 
 
Steam turbine installation has dominated in LNG shipping 
so far. This is because it can easily handle the evaporated 
boil-off gas (BOG), in addition to its high reliability and 
maintainability. The boiler most commonly fires HFO and 
natural boil-off gas (N-BOG) [22, 26]. This study further 
assessed economic benefits of using the boil-off gas with 
the marine steam turbines for the liquefied natural gas 
carriers. Actually, the use of the BOG will greatly reduce 
the operating costs with about 90% provided that it is in 
its natural state where its density is 440 kg per m

3
. 

 

 
             

Figure 2 Steam plant for LNG Carrier of 150,000m
3
. 

LP: Low pressure turbine; HP: high pressure turbine 

 
5. Natural gas is the alternative fuel for the LNG Carriers 
 
The marine fuel plays a key role in determining the 
performance of marine power plants onboard ships. A lot 
of studies have pointed to the possibility of using natural 
gas as an alternative fuel in propulsion system for LNG 
carriers. Moreover by increasing the number of LNG 
carriers worldwide and the growing of its capacity in the 
last decades, this had given the opportunity to increase 
the possibility of using natural gas as a main fuel taking 
into account advantage of evaporation process which 
occurs during the voyage for energy renewable. 
 Several previous studies have shown that the amount 
of boil-off gas which used as fuel to operate the boiler 
during a voyage could saves about 90% of the operational 
costs instead of using the heavy fuel oil. In this case, the 
boil-off gas could cover about 90% of the voyage and the 
remaining 10% could be taken from the LNG cargo that 
can be carried in the no longer used heavy fuel oil tanks.  
As long as the heavy fuel oil is replaced, there will be no 
need for the heavy fuel oil systems (i.e., transferring 
system, purification system, sludge tanks, etc.) which will 
tend to decrease the initial cost of the ship, added 4% to 
the LNG cargo and would also gain some benefit in terms 
of the ship speed due to reduction in ship weight. 
 This study has been performed on the ship Al-
WAJBAH because of the unavailability of the capacity of 
the tanks on Al-HAMRA ship. We suppose that the 
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capacity of the heavy fuels on Al-WAJBAH ship is 6259 m
3
 

is the same as on Al-HAMRA neglecting the difference 
between the design of the liquefied natural gas tanks and 
that of the heavy fuels. It is supposed that both have the 
same capacity. 
 
Conclusion   
 
• The natural gas can be successfully use as alternative 
to replace the currently used diesel fuels in the marine 
steam turbines. Also, the thermodynamic performance 
using the natural gas in the steam turbine cycle was found 
to be close to the performance when using heavy fuel oil 
or marine gas oil. 
• The study showed that one of the main advantages of 
using natural gas with steam turbine is reduction in the 
value of specific fuel consumption is lower than that of 
heavy fuel by about 14.5% at the same power output and 
specific fuel consumption is lower than MGO by about 9.5 
%.  
• This feasibility study shows that it is environmentally 
feasible for ship owners to switch to LNG propulsion. This 
can be of great importance in reducing emission as well 
as contributing to a cleaner environment. 
• Pollutant emission of NOx, CO2, and SO2 was reduced 
by 57 percent, 28 percent, 100 percent respectively when 
using NG as fuel. 
• The cargo tanks are well insulated some quantities of 
boil off gas are produced due to heat in leak. Typical 
values are about 0.1 to 0.15 percent of the full contents 
per day, which over a 20 day voyage, becomes a 
significant amount. By calculating the BOG capacity of AL-
HAMRA ship that the capacity 136357 cubic meters 
during the voyage which is equal to 1200 tonne when 
BOR 0.1 percent and was to be 1800 tonne when BOR 
0.15 percent . 
•  By using BOG as fuel to be used for the propulsion 
system in the boilers in steam turbine plant which reduce 
operation cost with about 90 percent . 
• Remaining 10% could be taken from the LNG cargo 
that can be carried in the no longer used heavy fuel oil 
tanks.  As long as the heavy fuel oil is replaced, there will 
be no need for the heavy fuel oil systems (i.e., 
transferring system, purification system, sludge tanks, 
etc.) which will tend to decrease the initial cost of the 
ship, added 4% to the LNG cargo and would also gain 
some benefit in terms of the ship speed due to reduction 
in ship weight. 
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