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Abstract: 

A new efficient CNG module design for the transportation of natural gas by sea is proposed and substantiated. 

A mathematical model for determining the technical and economic parameters of a movable pipeline module, 

which is designed for transporting natural gas in a compressed state and consists of a frame structure, the 

dimensions of which correspond to the 40-foot marine container size and a pipe coil is described. To facilitate 

construction, it is proposed that a large portion of the coil be made in the form of a two-layer composite 

construction. The inner layer consists of standard steel tubes or adapters, and the outer layer is fiberglass 

wound on them. On the basis of the mathematical model an algorithm and a program were compiled, which 

allowed to determine the technical and economic parameters of the movable pipeline module. The results 

obtained for the Caspian region are analyzed. 
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INTRODUCTION 

The issue of transporting natural gas and using it as the 

main energy source is extremely important. Choosing the 

most profitable technology in economic and technological 

terms remains a major challenge in the industry. There-

fore, the construction of new or modification of existing 

tanks that can carry large volumes of gas the manufactu-

ring technology of not be cost-intensive is a top priority. 

Reliable technologies for the storage and transportation 

of high-pressure natural gas have currently emerged. 

They are widely used in various industries. These include, 

in particular, subsea gas pipelines designed for internal 

pressures of up to 25 MPa and high pressure compressors, 

as well as offshore terminals for loading gas onto ships di-

rectly from offshore fields and receiving gas from ships at 

sea over a considerable distance from the coast. 

The world market has also changed significantly. With the 

depletion of field resources in traditional areas of natural 

gas production and the ever-increasing demand for 

energy in major importing markets, the world has entered 

a phase of steadily high energy prices. Under these condi-

tions, the use of new gas transportation technologies, in 

particular CNG technology, which allows for the commer-

cialization of medium and small natural gas fields on the 

continental shelf, has become economically viable. 

However, some experts argue that comparing the trans-

port capacity of CNG tankers with that of LNG tankers may 

be incorrect, as both technologies are designed to work 

effectively across gas transportation projects of different 

magnitude. Thus, high capital cost LNG plants and fleets 

are only profitable in very large-scale projects with corre-

spondingly large gas reserves and high-capacity markets. 

In its turn, gas transportation in the form of CNG can be 

an effective solution to the problem of transporting small 

quantities of gas from deep or Arctic fields from small 

fields, as well as associated gas from oil fields that were 

previously considered unprofitable. The CNG tanker fleet 

can be more mobile, bigger and consist of smaller vessels, 

allowing gas to be delivered daily directly to the distribu-

tion pipeline. CNG projects also have a shorter construc-

tion period and a much higher net discounted income 

than LNG projects. 

However, when comparing gas transportation by LNG and 

CNG tankers, the distance from which CNG gas can be 

transported more efficiently may vary depending on the 

type of project, the size of the field, the capacity of the 

market and other economic conditions. However, in ge-

neral, the cost of CNG transportation is lower at less than 

2500 km compared to LNG. 

CNG transportation has several advantages over subsea 

pipelines: its transportation costs do not change depen-

ding on the depth of the route. CNG can also be used in 

high risk areas. 
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The aim of the paper is to substantiate and scientifically 

prove the efficiency of the movable pipeline technology 

for transporting CNG by sea. 
 

LITERATURE REVIEW 

The practice of offshore natural gas transportation is wi-

dely known for the use of subsea pipelines, transportation 

of liquefied natural gas (LNG) and compressed natural gas 

(CNG) by vessels. Given that natural gas can be transpor-

ted by different types of vessels [13, 25, 26, 27], for each 

of them there is a large amount of specialized literature 

that describes the theoretical and methodological aspects 

of designing such vessels [1, 2, 3, 9, 10, 11, 12, 13, 14, 15, 

20, 21, 22, 24]. Pipelines are impractical to transmit gas 

over long distances, especially across the ocean. Thus, to-

day LNG tankers (gas carriers) are used for this purpose. 

The full LNG production cycle consists of a natural gas 

liquefaction plant, ships (LNG fleet) for the transportation 

of LNG and re-gasification stations, including gas storage 

facilities at the arrival point. LNG technology requires high 

energy-consuming, high-cost liquefaction and regasifica-

tion infrastructure. LNG plants are large-scale long-term 

investment projects that also require the construction or 

rental of a tanker fleet. All these factors hinder the orga-

nization of LNG gas transportation from small isolated 

(especially offshore) fields because of the scale and conti-

nuity of LNG production that is required to maintain ther-

modynamic efficiency and minimize production costs. 

An alternative to offshore gas transportation is its ship-

ping as CNG. Compressed gas is natural gas that is trans-

ported and stored in high pressure vessels (about 20-25 

MPa). 

The CNG production cycle includes a gas compression 

plant, CNG tankers, and a decompression station with gas 

storage facilities. CNG has a lower cost of production and 

storage than LNG, since CNG production does not require 

an expensive cooling process and cryogenic tanks. 

Today long-range CNG marine tankers are under deve-

lopment. This is due to the fact that until recently there 

have been no proven technologies for the storage and 

transportation of high pressure natural gas. 

In addition, large natural land and offshore gas fields were 

available for development. Deliveries from these gas 

fields via pipelines and by LNG vessels completely satisfied 

the demand for natural gas in the major importing mar-

kets of the world, which provided a low level of energy 

prices, whereby the use of new technologies and com-

mercialization of medium and small fields was economi-

cally unviable. 

Several well-known companies have been designing CNG 

carriers in the last few years. TransCanada Pipeline has 

offered a variant of a gas carrier with horizontal cylinders 

made of a gas tube reinforced with fiberglass composite 

material. EnerSea Transport and TransOcean propose to 

place vertical cylinders in airtight refrigerated modules to 

increase the volume of transportation at the same mass 

of cylinders. Sea NG proposes to replace the cylinder with 

a two-dimensional pipe enclosed in the bay and consider 

it as a length of the pipeline. It reduces the safety factor 

for cylinders from 2.5 to 1.7. Similar projects are currently 

being developed in the Russian Federation, especially for 

Arctic transportations. 

The urgency of the study of the compressed natural gas 

transportation process by movable pipelines, is confirmed 

by the practice requests and the analysis of the state of 

the problem nowadays. 

Considering that the Coselle system, which is based on the 

transportation of compressed natural gas in long length 

pipes in special containers, is the closest to being embo-

died among other systems, we can conclude that this di-

rection is promising. 

Mathematical models for calculating the strength and pa-

rameters of movable pipelines, proposed by Kryzhanivskyi 

Ye.I. [4, 5, 7, 25, 26, 27], Zaytsev V.V. [19, 24], Zaytsev 

Val.V. [20, 21, 22, 23]. 
 

MATERIAL AND METHODS 

The studies were carried out by means of the complex 

method, which consists in the joint use of physical, ma-

thematical and computer simulation of the object of rese-

arch and experimental methods to confirm the adequacy 

of the obtained results on the operating equipment and 

at the laboratory facilities. The basic provisions, formula-

ted conclusions and recommendations are scientifically 

substantiated with the use of finite element method, frac-

ture mechanics, statistical methods of processing and 

analysis of experimental results. 

The cargo containment system is an essential component 

of the CNG carrier. The main element of the system are 

the GCTs (gas containment tanks). Currently, there is a wi-

despread search for the optimal form of tanks, placement 

of their elements on the carrier and materials for manu-

facture [8]. 

Most developers plan to use cylindrical tubes from stan-

dard pipes for subsea pipelines. The cylinders are placed 

on carriers both vertically and horizontally. Experiments 

are being conducted with steel cylinders, cylinders with 

outer fiberglass winding, carbon fiber cylinders with fiber-

glass winding. The original concepts of manufacturing cy-

linders out of small-diameter thin steel tubes wound on 

large spools mounted vertically on the carrier are also 

considered. The purpose of the search is to obtain the 

optimum ratio of the capacity, mass and cost of the cargo 

containment system. 

The characteristics of the cargo containment system will 

be largely determined by the specifics of the offshore gas 

project for which the CNG carrier is intended. The compo-

sition and characteristics of the cargo system components 

depend primarily on where natural gas will be loaded into 

the CNG carrier and where it will be unloaded. It can be 

illustrated by the following example. 

Complex gas preparation is not required for the CNG car-

rier intended for receiving gas from the main gas pipeline, 

as the gas loading into the carrier will be characterized by 

the standards necessary for transportation in the cylin-

ders. An autonomous gas compression system on such a 

carrier may also be excessive if both the loading and the 

receiving terminal are equipped with compression sta-

tions of the required capacity. 
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RESULTS AND DISCUSSION 

The technology of CNG transportation on CNG carrier 

ships, which are equipped with standard 40 foot sea con-

tainers, containing cylinders for storing compressed gas in 

the form of a "movable pipeline" is proposed [6, 14]. 

There is no need to build or purchase CNG carriers. 

CNG carriers can be rented for the quick implementation 

of the proposed method. After the project closeout and 

the removal of the pipeline the carriers can be used for 

their original purpose. It should be noted that only do-

mestic materials, structures, equipment and technologies 

can be used for the project implementation. 

The main investment in this technology is the CNG module 

based on the sea container. 

The proposed CNG module with a two-dimensional high-

pressure pipe for the CNG transportation (Figure 1) con-

sists of a standard 40-foot open-type sea container (1), in 

which the high-pressure cylinder in the form of a dimen-

sional pipe coil consisting of consecutive straight (4) and 

curved lengths of alternating pipes is placed on the foun-

dations (2). The pipe coil is fixed firmly to the foundations 

of the CNG-module by means of retainers. 

 

 
Fig. 1 CNG modules for gas transportation on CNG carriers 

 

The CNG module with the two-dimensional high-pressure 

pipe is equipped with straight fittings (3) to connect mo-

dules of adjacent rows into blocks. 

This design of the CNG module is new and therefore requi-

res detailed development: selection of materials, deter-

mination of design data, manufacturing technology, as-

sembling, loading and unloading, ensuring transportation 

reliability, etc. 

The first and very important step is to determine all the 

design data of the module, which is the purpose of this 

project. 

In order to solve the problem of designing a CNG module 

with optimal design data the following requirements were 

followed. 

Firstly, the construction with the least possible metal ca-

pacity must withstand the operational loads. 

Secondly, it should be compact, limited by the internal di-

mensions of the standard container, but at the same time 

have the maximum net volume and sufficient assembly 

producibility. 

 

Thirdly, all module elements and the technology required 

to manufacture it should, where possible, be standardi-

zed. 

Analyzing the possible ways to fulfill these requirements, 

we have found that the most rational is to design a CNG 

module in such a sequence. 

First, we make a choice of possible options for the joint 

implementation of the second and third requirements ba-

sed on the existing sizes of standard pipes for main pipe-

lines and welded steel parts (adapters and bends). At this 

stage, we focused on structures, the main element of 

which is a pipe with diameter of 720 mm. In this case, the 

maximum internal volume of the container (9 pipes with 

a distance between adjacent 60 mm) is used. 

In order to join the pipe into a single system (pipe coil), 

three possible variants were analyzed, which differ in the 

design of the bend: with a circular bend, at right angle and 

welded 4-section one with 45-degree angles between 

them. For all variants of construction standard adapters 

which are from 720 mm to 630 mm in diameter are provi-

ded. The adapters perform two important functions. First, 

reducing the diameter in curved sections increases their 

strength. It is known that under the action of internal 

pressure, the curved sections of the pipeline are the most 

loaded. Secondly, reducing of the diameter of the curved 

section gives the technological opportunity to carry out 

welding work by connecting individual pipes into a pipe 

coil. Thus, under these conditions, the operating space in 

the narrowest spot increases from 60 mm (automatic wel-

ding is not possible) to 150 mm, which makes it possible 

to use reliable automatic welding technology. 

The design choice was made from a comparative analysis 

of the stress-strain state of the pipeline at different bend 

circuits and other identical conditions. It is almost impo-

ssible to perform such an analysis for a pipe coil loaded 

with internal pressure. Therefore, we used the finite ele-

ment method. When creating a geometric model we used 

the symmetry of the design of the coil. The results obta-

ined are shown in Fig. 2. 

As you can see, the design of the right angle bend (see Fig. 

2b) is much more loaded than the circular and sectional 

ones, which are approximately equivalent. 

Thus, the design of the spatial pipeline is selected. The 

next stage of the work is the choice of material and wall 

thickness of the pipeline elements that would ensure its 

reliability.  

The strength of the main pipe, which is reinforced with 

composite material, should be evaluated separately. 

In cylindrical structures operating under conditions of in-

ternal pressure, the operating stresses in the annular di-

rection are twice bigger than the longitudinal ones, and 

making them all-metal leads to irrational overload of the 

metal. It is possible to reduce the metallic capacity of long 

high-pressure pipes by reinforcing them with a composite 

material which, working together with the metal base, will 

bear the excess of circular loads [7, 13]. 
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Fig. 2 Stress-strain state of the pipeline at different variants of bend design: a - circular; b - with direct bend; c - with sectional bend 

 

Existing schemes for the formation and polymerization of 

the reinforcing composite cover provide structures with a 

length not exceeding the standard pipe length (9-12.5 m). 

This is due to the limited dimensions of the winding equi-

pment, the polymerization furnaces and the dimensions 

of the production facilities. Therefore, when the length of 

the pipes exceeds several tens of meters and reaches hun-

dreds of meters with the corresponding length of mass of 

construction, there are a number of problems associated 

with the manufacture and transportation of them to the 

installation and operation site. 

In this case, the most rational technological scheme for 

manufacturing the product is modular configuration, 

which provides: 

− factory production of separate sections of serial tubes 

up to 12.5 meters in length, on which the composite 

reinforcing shell is formed and polymerized, with the 

bearing faces of the pipes being stripped for the length 

required for welding; 

− transportation of ready 12-meter sections to the in-

stallation site; 

− welding sections together; 

− the formation (winding) and polymerization of the re-

inforcing composite shell-bandage in the welding 

zone. 

The polymerization of the composite shell in the welding 

zone is carried out using a clutch type split tube furnace. 

The effect of the composite reinforcing shell on the dura-

bility of vessels under cyclic loading with internal pressure 

was investigated on a model of a welded cylindrical can 

with a wall thickness of 3.5 mm, the cylindrical part of 

which was amplified by the composite material. 

The results of cyclic test of a steel welded housing of a 

pipe model under the pressure of 19.6 MPa and a fre-

quency of 10 cycles per minute testified that the maxi-

mum number of cycles that the housing can with stand till 

depressurization (formation of a fatigue crack) does not 

exceed 2500-4000. 

Reinforcement of the steel pipe with a composite shell, 

which is presented in the Fig. 4, enhances their cyclic du-

rability, which is increased by the thickness of there in-

forcing composite shell. When the thickness of the com-

posite shell (3.6 mm) equals the thickness of the steel 

pipe, the capacity of the cylinders under cyclic loading 

conditions increases up to 6-7 times compared to the ca-

pacity of the unreinforced steel pipe. At the same time, 

the strength of the pipe under static load almost doubles 

(Fig. 3). 

The obtained results show that the reinforcement of steel 

pipes allows to increase their efficiency under cyclic loads 

6-7 times, or to increase the working pressure almost 

twice without increasing the thickness of the metal and at 

the same working pressure. 
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Fig. 3 The dependence of static strength and cyclic life of the 

structure on the thickness of the reinforcing composite shell 

According to the analysis of possible steels grades, used 

for the production of main pipelines, 30XMA steel with 

the following mechanical characteristics was selected:  

�� = 800 МPа, ��.� = 650 МPа. The calculation is carried 

out in accordance with the requirements for high pressure 

pipelines by the coefficient of reserve Kr [13]. Then, with 

Kr = 1.75 we obtain ��� = 457 МPа. The finite element 

model (Fig. 4) was investigated, which made it possible to 

determine the dependence of the minimum allowable 

wall thickness of the module elements on the working 

pressure (Fig. 5). 

 

 

 

 

 

Fig. 4 stress-strain state of the pipeline construction with 15 mm wall thickness of main pipe: a - working pressure of 20 MPa, wall 

thickness of the bend and adapter is 33 mm; b - working pressure of 25 MPa, wall thickness of the bend and adapter is 38 mm 
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Fig. 5 Dependence of the allowable wall thickness of the bend 

and adapter on the working pressure 

 

The efficiency of natural gas transportation in CNG 

modules is confirmed by the following calculations. 

The module consists of a frame structure with dimensions 

that correspond to the dimensions of a 40-foot shipping 

container and a pipe coil (Fig. 1). To facilitate construction, 

most of the coil is made in the form of a two-layer 

composite construction. The inner layer is standard steel 

tubes or adapters, the outer layer is fiberglass wound on 

them (Figs. 6, 7). 

The coil includes the following elements: 

- cylindrical composite pipe sections (9 pcs.) with an outer 

diameter of 720 mm steel layer; 

- conical adapters with a partially wound length fiberglass 

layer (18 pcs.) connecting cylindrical segments and the 

toroidal elbows; 

- toroidal steel elbows (8 pcs.), which combine all pipe 

sections into a single spatial coil. 

- steel cylindrical adapters (2 pcs.), which are required for 

joining modules into blocks. 

 

 
Fig. 6 Module sketch: a) - top view of the intersection of the first layer of the coil, b) - right-side view 

 

 
Fig. 7 Detailed sketch of the top view of the toroidal elbows 
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The main technical and economic parameters of the 

module to be determined: 

− volume of gas in the coil under normal conditions, 

Vgas.nc, m3; 

− volume of cargo space in the coil, Vsp, m3; 

− mass of the module with gas, mm, kg; 

− mass efficiency of the coil, keff, kg/l; 

− cost of the module, Cm, USD; 

− unit cost of the module, cm, USD/l. 

Based on the design of the coil, the volume of its cargo 

space, Vsp, m3 is determined by the dependence: 

	�
 � 9	�.��� � 18	�.��� � 8	�.�� � 2	�.��  

where: 

	�.���  – volume of space in the section of a cylindrical 

tube, m3:  

	�.��� � �
���.��

 

!
"���   

#�.�$ – the inner diameter of the steel pipe, m:  

#�.�$ � #�%$.�$ & 2'���.�$  

#�%$.�$ – outer diameter of the cylindrical steel part of the 

pipe, m;  

'���.�$ – the accepted wall thickness of the cylindrical steel 

part of the pipe, m;  

"���  – the length of the segment of the cylindrical part of 

the pipe, m:  

"��� � "� & 2("��� � "$�)*  

"� – length of the loading area of the module, m: 
"� � "�.+ & 2,-  

"�.+ – the length of the module internal space (40-ft), m; 

bL – the gap between the module head stock and the pipe, 

m; 

"��� –the length of the conical steel pipe, m: 

"��� � 0.5(#�%$.�$ & #�%$.���* ⋅ '12���  

#�%$.��� – the outer smaller diameter of the conical part 

of the pipe, m; 

2��� – the angle of inclination of the cone generatrix, rad; 

"$�)  – the outer radius of the toroidal pipe elbow, m: 

"$�) � 3�.$�) � 0.5#�%$.���  

3�.$�) – the radius of the center line of the toroidal pipe 

elbow, m: 

3�.$�) �
�45�.678967

�
  

#�%$.:; – the outer diameter of the cylindrical fiber-glass 

part of the pipe, m; 

#�%$.:; � #�%$.�$ � 2':; 

':; – accepted thickness of fiber-glass pipe shell, m; 

,:; – the maximum gap between the fiber-glass shells of 

the pipes, m: 

,:; �
<��.=>?�45�.67

�
  

@�.+ – the width of the module internal space (40-ft), m; 

	�.��� – the volume of the space in the cone, m3: 

	�.��� � �
���.A4�

 8���.��
 

B
"���  

#�.��� – the inner smaller diameter of the conical part of 

the pipe, m: 
#�.��� � #�%$.��� & 2'���.�$   

'���.�$ – the wall thickness of the conical steel pipe, m; 

	�.��  – the space volume in the elbow fitting, m3: 

 

 

 

	�.�� � ��3�.$�)
���.A4�

 

!
  

	�.��  – the space volume in the segment of the cylindrical 

adapter, m3: 

	�.�� � �
���.A4�

 

!
"���.��  

"���.��  – the length of one cylindrical adapter between 

modules, m: 

"���.�� � "�.+ & ,- & "$�) & 2"��� & "��� � 0.5("�%$.+ &

"�.+* � 0.1  

"�%$.+ – the overall length of the module (40-ft), m. 

All thicknesses of coil shells are determined on the basis 

of strength calculations. 

The volume of gas in the coil under n. c., Vgas.nc, m3: 

	;��.�� � 	�
C�D
  

where: 

exp
k  – the gas expansion coefficient: 

C�D
  
E7F�(GH4IJ,$H4IJ*

E7F� (G�A,$�A*
  

L��  = 101325 Pa; 

'�� = 15°С; 

Pwork – the working pressure in the pipe, Pa; 

twork – the temperature of natural gas in the coil; 

M;��(L, '* – the function describing the dependence of 

natural gas density on pressure and temperature, kg/m3. 

A function describing the dependence of natural gas den-

sity on pressure and temperature is based on the physical 

properties of methane. It is necessary to use the results of 

experimental studies of the properties of methane, which, 

for example, are described in detail by N. B. Varhaftik in 

[16], because the dependence of methane density on 

pressure and temperature does not correspond to the 

properties of an ideal gas. 

Based on the data provided in [16], an algorithm and a 

program were developed that allow for determining the 

methane density for a given methane temperature and 

pressure. The program interpolates tabular data using cu-

bic splines. 

The dependence of methane density on temperature and 

pressure is graphically shown in Figs. 8 and 9. 

 

 
Fig. 8 Dependence of methane density on its temperature at 

pressure from 10 to 40 MPa 
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Fig. 9 Dependence of methane density on its pressure at tem-

peratures from -40°C to +40°C 

 

The mass of the module with gas, mm, kg: 

N+ � N�O � N
.;  

N�O – the mass of the framed shell of the module, kg; 

N
.; – the mass of the pipe coil with gas, kg: 

N
.; � N;�� � N�$ � N:;  

N;�� – the mass of the gas in the pipe coil, kg: 

N;�� � 	�
M;��  

N�$ – the mass of the steel in the pipe coil, kg; 

N:; – the mass of the fiber-glass in the pipe coil, kg. 

The mass of the steel in the pipe coil, kg: 

N�$ � M�$	�$  

where: 

M�$ – the density of the steel part of the pipe, kg/m3; 

	�$ – the volume of the steel in the pipe coil, m3: 

	�$ � 9	�$.��� � 18	�$.��� � 8	�$.�� � 2	�$.��  

	�$.��� – the volume of the steel in the length of a cylin-

drical pipe, m3: 

	�$.��� � �
�45�.��

 

!
"��� & 	�.���   

	�$.��� – the volume of the steel in the cone, m3: 

	�$.��� � �
�45�.A4�

 8�45�.��
 

B
"��� & 	�.���  

	�$.�� – the volume of the steel in the elbow fitting, m3: 

	�$.�� � ��3�.$�)
�45�.A4�

 

!
& 	�.��; 

	�$.��  – the volume of the steel in the length of cylindri-

cal adapter, m3: 

	�$.�� � �
�45�.A4�

 

!
"���.�� & 	�.��  

The mass of the fiber-glass in the pipe coil, kg: 

N:; � M:;	:;   

M:; – the density of the fiber-glass tube shell, kg/m3; 

	:; – the volume of the fiber-glass in the pipe coil, m3: 

	:; � 9	:;.��� � 18	:;.���  

	:;.��� – the volume of the fiber-glass in the length of a 

cylindrical pipe, m3: 

	:;.��� � �
�67.45�

 >�45�.��
 

!
"���   

	:;.��� – the volume of the fiber-glass in the blast pipe, 

m3: 

	:;.��� � �":;.���

�45�.67
 8!�45�.67.A4�$67>�45�.��

 >!$67
 

B
  

":;.��� – the length of the conical fiber-glass part of the 

pipe, m; 

#�%$.:;.��� – outer smaller diameter of the conical fiber-

glass part of the pipe, m: 

#�%$.:;.��� � #�%$.:; & (#�%$.:; & #�%$.��� & 2':;*
-67.A4�

-A4�
  

The mass efficiency of the pipe coil, C�:: , kg/l: 

C�:: �
+��8+67

P���Q�R
  

Production costs of the module, Cm, USD: 

S+ � (S�O � S�$ � S:;*CT�)U  

CT�)U  = 1.35 – coefficient taking into account the cost 

of welding and installation works; 

S�O – the price of the framed shell of the module, USD: 

S�O � N�OV�O   

V�O  – the price for the 1 kg module frame shell products, 

USD/kg; 

S�$ – the price of the steel in the pipe coil, USD: 

S�$ � N�$V�$   

V�$ – the incremental cost of the metal in the pipe, 

USD/kg; 

S:; – the price of the fiber-glass in the pipe coil, USD: 

S:; � N:;V:;   

V:; – the incremental cost of the fiber-glass in the pipe, 

USD/kg. 

The incremental cost of the module, V+, USD/l: 

V+ �
W=

P���Q�R
  

Based on the mathematical model presented above, an 

algorithm and a program were developed to determine 

the technical and economic parameters of the movable 

pipeline module. 

As an example, let's analyze the possibilities of using 

the movable pipeline technology in the Caspian Sea. 

Operation of movable pipelines in the Caspian Sea is li-

mited to the use of carrier vessels with a displacement 

of up to 70,000 tons for these purposes. For such ves-

sels, the capacity Nm is approximately 1250 modules, 

the speed of travel is 20 knots. The distance between 

loading and unloading ports shall be no more than 200 

km (108 miles). 

Amount of gas transported under normal conditions on 

such vessel in one sea run: 

	P) � S+X+ � 9705 ⋅ 1250 � 12.1 ⋅ 10Zm?  

The loading and unloading operations can take up to 15 

hours and, accordingly, the round-trip time: 

')$
�

\]^⋅ 

 ]
8P_8P_

�!
� 1.7 days 

Therefore, the annual carrying capacity of such a car-

rier vessel is: 

	� � 	P)
`

$I�
� 12.1 ⋅ 10Z ⋅

?Z�

P.a
� 2.56 ⋅ 10cm?  

where: 

T = 360 is the duration of the vessel’s annual operating 

period, days. 

 

CONCLUSION 

The technology of CNG transportation on CNG carrier 

ships, which are equipped with standard 40 foot sea 

containers, containing cylinders for storing compressed 

gas in the form of a "movable pipeline" is proposed. 

There is no need to build or purchase CNG carriers. CNG 

carriers can be rented for the quick implementation of 

the proposed method. After the project closeout and 

the removal of the pipeline the carriers can be used for 
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their original purpose. It should be noted that only do-

mestic materials, structures, equipment and technolo-

gies can be used for the project implementation. A new 

efficient CNG module design for natural gas transpor-

tation by sea is offered and substantiated. Analytical 

dependencies were obtained, which, therefore, allow 

to create a mathematical model for determining the 

technical and economic options of the movable pipe-

line module with a facilitated pipe coil. The technical 

and economic options of the movable pipeline module 

in relation to the Caspian region were calculated based 

on the created mathematical model. 

 

REFERENCES 
[1] A.C. Haaland, and R.C. Kunz. “Conformable CNG Tanks FOR 

Increased Vehicle Range,” The 7th International Confer-

ence and Exhibition on Natural Gas Vehicles, October 17-

19, Yokohama, Japan, 2000, pp. 111-116. 

[2] Artumas Group. “Mtwara-Mombassa Marine CNG Export 

Project: Addressing East Africa’s Energy Challenges”, Inter-

national Marine CNG Forum, November 2006. 

[3] BP Statistical Review of World Energy (2014, July 1). [On-

line]. Available: http://www.bp.com/en/global/corpo-

rate/about-bp/energy-economics/statistical-review-of-

worldenergy.html 

[4] B.Ye. Paton, Ye.I. Kryzhanivskyi, M.M. Savytskyi, E.A. 

Shvydkyi, V.V. Zaytsev, and O.M. Mandryk. “A method of 

transporting compressed natural gas by a movable pipe-

line.” Ukrainian Patent No. u201114580. Feb. 27, 2012. 

[5] B.Ye. Paton, Ye.I. Kryzhanivskyi, M.M. Savytskyi, О.І. Pi-

atnychko, V.V. Zaytsev, and O.M. Mandryk. “Barge-plate 

for compressed natural gas transportation.” Ukrainian Pa-

tent No. u201113979. Nov. 28, 2012. 

[6] D.B. Tiller, N.L. Newhouse, and R. Veys. “Design and quali-

fication of an" all-composite" natural gas vehicle fuel cyl-

inder,” SPI Composites Institute's 47th Annual Conference 

& Expo'92, 1992, pp. 124-136. 

[7] E.I. Kryzhanivs’kyi, R.S. Hrabovskyi and O.M. Mandryk, “Es-

timation of the service ability of oil and gas pipeline safter 

long-term operation according to the parameters of their 

defectiveness, ”Materials Science, Vol. 49, No 1, 2013, pp. 

117-123. 

[8] I. Nassar. “Comparison and advantages of marine CNG 

transportation”. SPE Projects, Facilities & Construction, pp. 

225-229, 2010. 

[9] K. Kakhikara, H. Yamashita, and T. Taira. “Trial of Advanced 

Type1 and Type2 Cylinders for Japanese Natural Gas Vehi-

cle.” Journal of High Pressure Institute of Japan. Vol. 39, 

pp. 274-280, No 5, 2001. 

[10] Knutsen OAS Shipping: Pressurized Natural Gas – An Effi-

cient and Reliable CNG Solution for Offshore Gas Transpor-

tation, OTC Paper Number 17231, May 2005. 

[11] Marine CNG: Technically Sound, Commercially Viable, and 

Imminent (2007). [On-line]/Offshore Technology Confer-

ence. Available: http://www.academia.edu/8148039/Ma-

rine_CNG_Technically_Sound_Commercially_Via-

ble_and_Imminent 

 

 

 

 

 

[12] M. Bortnowska. “Development of new technologies for 

shipping natural gas by sea”. Polish Maritime Research, 

Vol. 3 (61), pp. 71-78, 2009. 

[13] M. Economides, K. Sun, and G. Subero. “Compressed Nat-

ural Gas (CNG): An Alternative to Liquefied Natural Gas 

(LNG).” SPE Production & Operations. Vol. 21, pp. 318-324, 

No 2, 2006. 

[14] M.M. Savytskyi, A.M. Savytskyi, V.A. Suprunenko, Val.V. 

Zaytsev and V.V. Zaytsev. “Determination of the parame-

ters of lightweight steel cylinders for the CNG gas carrier 

cargo system.” Bulletin of the National University of Naval 

Architecture. Vol. 1, pp. 4-14, 2013. 

[15] M.M. Savytskyi, A.M. Savytskyi, V.A. Suprunenko, Val.V. 

Zaytsev, D.V. Zaytsev and V.V. Zaytsev. “Steel cylinders for 

CNG gas carrier cargo system,” Innovations in Shipbuilding 

and Ocean Engineering: Proceedings of the 3rd Int. Scien-

tific and Technical Conf., Mykolaiv, 2012, pp. 133-135. 

[16] N.B. Varhaftyk. Handbook on thermophysical properties of 

gases and liquids. M: Nauka, 1972, pp. 720. 

[17] O.M. Mandryk and Val.V. Zaytsev. “Determination of the 

technical and economic parameters of the mobile pipeline 

module.” Quarterly Scientific and Technical Journal "Oil 

and Gas Exploration and Development". Vol. 1(46), pp. 

179-186, 2013. 

[18] Robbi R. Sukardi. “Developing a CNG infrastructure lining 

with the future needs middle east”, NGV Summit, 8-10 

September 2014, Abu Dhabi, UAE. 

[19] V.V. Zaytsev and Val.V. Zaytsev. “Initial cylinder design for 

CNG carriers. ”Bulletin of the National University of Naval 

Architecture. Vol. 2, pp. 3-12, 2010.  

[20] Val.V. Zaytsev, D.V. Zaytsev and V.V. Zaytsev. “Possibilities 

of transporting compressed natural gas using underwater 

carriers of subsea pipelines,”Proceedings of the All-Ukrain-

ian Scientific and Technical Conf. with International Partic-

ipation, Mykolaiv, 2012, pp. 142-144. 

[21] Val.V. Zaytsev, D.V. Zaytsev and V.V. Zaytsev. “Strength 

study of conical-spherical elements of movable pipelines,” 

Collection of scientific papers SWorld, Proceedings of the 

Int. scientific-practical Conf. "Scientific research and their 

practical application. Current status and development 

paths' 2012", Odessa, 2012, pp. 28-32. 

[22] Val.V. Zaytsev, V.V. Zaytsev, E.V. Kotovaand, K.S. Skryp-

nychenko. “Analysis of the specific requirements of classi-

fication societies for ships carrying compressed natural 

gas. ”Bulletin of the National University of Naval Architec-

ture. Vol.5 (434), pp. 11-18, 2010.  

[23] Val.V. Zaytsev. “For designing of cylindrical cargo tanks of 

liquefied-gas carriers,” Ninth Int. Conf. on marine sciences 

and technologies "Black sea 2008", Varna, 2008, pp. 102-

104. 

[24] Volodymyr Zaytsev. “Initial designing of CNG-balloons for 

CNG-carriers,” 5th International Symposium on hydrocar-

bons & Chemistry (ISHC5), Sidi Fredj, Algiers, 2010, pp. 

131-136. 

[25] Ye.I. Kryzhanivskyy, Val.V. Zaytsev and V.V. Zaytsev. “De-

velopment of technical and economic proposals for the 

supply of compressed natural gas to the territory of 

Ukraine from African countries (Libya, Algeria and oth-

ers),”Research report of IFNTUOG, Ivano-Frankivsk, 2011. 

 

 

 

 

 

 



O. MANDRYK et al. – Scientific Rationale for the Movable Pipeline Technology…  177 
 

 

[26] Ye.I. Kryzhanivskyy, Val.V. Zaytsev, O.M. Mandryk. “About 

the possibility of transportation of compressed natural gas 

by submarine carriers of mobile pipelines in Arctic.” Scien-

tific Bulletin Seria C, Fascicle Mechanics, Tribology, Ma-

chine Manufacturing Technology. Vol. XXVI, pp. 28-30, 

Mar. 2012. 

[27] Ye.І. Kryzhanivskyi and Val.V. Zaytsev. “The concept of al-

ternative supply of natural gas to Ukraine,” Collection of 

Scientific papers of IFNTUOG "Oil and Gas Exploration and 

Development, Ivano-Frankivsk, Vol. 37, pp. 5-15, No 4, 

2010.

 

 

Oleh Mandryk 

ORCID ID: 0000-0002-2689-7165 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: Omandryk@mail.ua 
 

Volodymyr Artym 

ORCID ID: 0000-0002-8938-552X 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Architecture, Construction  

and Power Engineering 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: viartym@gmail.com 
 

Valerii Zaytsev 

ORCID ID: 0000-0002-8590-5671 

National University of Shipbuilding 

Shipbuilding Educational Scientific Institute 

Heroiv Ukrainy pr., 9, 54025 Mykolaiv, Ukraine 

e-mail: zvalv1974@gmail.com 
 

Mariana Shtohryn 

ORCID ID: 0000-0002-8654-1486 

Ivano-Frankivsk National Technical University  

of Oil and Gas 

Institute of Humanities and Public Administration 

Karpatska St., 15, 76019 Ivano-Frankivsk, Ukraine 

e-mail: marianastohryn@ukr.net 


