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Ch. 1 Introduction to Offshore Plant
Design
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Natural Gas (NG)

M Natural Gas

B Hydrocarbon gas mixture consisting primarily of

for preventing environmental pollution ®» Used
for all fields of home, commerce, transportation, industry, etc.

B Providing about ¥ of energy consumption of the world » |t
will be continuously increased.

M Special Features

B Liquefied at under atmospheric pressure »
B When liquefied, the volume becomes .»
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[Reference] Material Property of Natural Gas

|Gas Properties
olecular Weight

olid phase

Jiquid phase

ritical point

iipte point

aseous phase

JMiscellaneous

Molecular weight : 16.043 g/mol

WMelting point - -182.46 °C
Latent heat of fusion (1,013 bar, at melting point) - 58.682 kl/kg

Liquid density (1.013 bar at boiling point) : 422.36 kg/m®

Liquid/gas equivalent (1.013 bar and 15 °C (59 °F) : 621.4 volvol

Boiling point (1.013

Latent heat of vaporization (1.01

61.4

Critical temperature - 8259 °C

Critical pressure: - 45.99

bar

Critical density : 162.7 kg/m?

Triple point temperature

:-182.46 °C

Triple point pressure : 0.117 bar

Gas density (1.013 bar at boiling point) : 1816 kg/m>
Gas density (1.013 bar and 15 °C (59 °F)) : 0.6797 kg/m?
Compressibility Factor (Z) (1.013 bar and 15 °C (59 °F))

Specific gravity

5 °C
3 bar at boiling point) : 510.83 ki/kg

0.99802

Specific volume (1.013 bar and 25 °C (77 °F) - 1.5227 m¥/kg

Heat capacity at constant pressure (Cp) (1.013 bar and 25 °C (77 *

F)) - 0.0358 kl/(mol.K)

Heat capacity at constant volume (Cv) (1.013 bar and 25 °C (77 *

F) - 0.0274 kd/(mol.K)

Ratio of specific heats (Gamma:Cp/Cv) (1.013 bar and 25 °C {77 °
062

F): 1.3

Viscosity (1.013 bar and 0 °C (32 °F)) : 1.0245E-04 Poise

‘Thermal conductivity (1.013 bar and 0 °C (32 °F) : 30 57 mW/(m K)

Solubility in water (1.013 bar and 2 °C (35.6 °F)) - 0.054 volivol

Autoignition temperature

595°C

Vapour Pressure (bar or 0.1 MPa)

0 10 20 3 4 5 8 70 8 %0 100 110 120 130 140 150 160 170 180 190
60
%
a0 0‘\‘
0
10
8
1
02
o
-
sl
0 10 20 30 40 50 60 70 80 90 100 ¥ 120 130 140 150 160 170 180 150
Temperatdre (K)
-161.48°C
270 200 <250 20 220 210 00 180 <180 170 1K 30 20 10 -10C 00 80

Temperature (°C)

* Reference: http://encyclopedia.airliquide.com
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Worldwide Reserves of Natural Gas (2014)

= +10.000.000.000 m?
I - 1.000.000.000 m?
- +100.000.000 m?

- 1.000.000 m?

No production

+100.000.000.000 m?

M The development field

M The reserves are not biased to the Middle East and are

* Reference: http://en.wikipedia.org
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Offshore Plants for Oil and Gas Development

Fixed
Platform
(FP)
Compliant
Tower
(CT)

Tension
Platfo
(TLP}

roductior

Storage &

Offloading
(FPSO)

it
_~ Floating Production
Platform -~ Systems

(SP) )

SPAR

about 1,000m

Offshore Plant for the Development of Deep Sea

- Production plant for separating the well stream into oil, gas, and water
and then transferring them to onshore

- for the production and for the storage of oil and gas

- and for topsides equipment and instruments

- Oil FPSO / LNG FPSO




Ci:CH, C5:CHy (CHy) CH

Condensat
C2:CHyCH, ondensate I H(Chy).CHy

Well Components oo T ey B

—— Gasoline C5-C10

— Kerosene C10-C16

— Light Oil |c16-c20

> Heavy
Components

—— Heavy Oil c20-C25

Asphalt

.

C25-C30

——  Pitch

..................E....t: LNG C1(CH4)\

L, —v R S —— NGL c2
Light
Components

I LPG C3,C4

Condensate 5, 6 J

[Reference] Distillation and Fractionation of Qil

Separation by the difference in
boiling point of each component

Heating for

Distillation Column
Home

LPG
__l E BP 25¢C
‘—'-I BP 40-75C
! Raw Material for
phtt ~ Chemical Product, f
75~150¢

Kerosene

Fuel Oil Automobile

Fuel Oil Airplane

Light ol —L
220250 ¢ fght OF "7‘

Lubricating Oil Fuel Qil for Diesel Engine
BP 250-350
Lubricant

BP 350COver HeavyOil

150~2407

Fuel Qil for Ship

S

Heating

Remains

Asphalt

* BP: Boiling Point

* Reference: http://doopedia.co.kr
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[Reference] Processing of Raw Natural Gas

Acid
gas

SULFUR UNIT
* Claus process

| TAIL GAS TREATING
gas * Scot process

« Clauspol process
* Others

ACID GAS REMOVAL Elemental sulfur ¢

. emigelgreating

¢ Benfield process Offgas to incinerator

| PSA uniitp figzsto)lnet

s 2 UONRIOCE S DEHYDRATION

pipeline | * Others - Glycol unit
* PSA unit
Waste water
Condensate to an oil refinery
Y
NGL RECOVERY NITROGEN REJECTION MERCURY REMOVAL
+ Tirbo-expander and = Cryogenic process <« * Mol sieves
demethanizer [ = Sbsorption processes * Activated carbon
+ Absorption (in older plants) = Adsorption processes
L D sales gas pipeline Nitrogen-rich gas
Natural gas
FRACTIONATION TRAIN SWEETENING UNITS Ethane
*D izer * Merox process ————— Propane
D prop i = Sulfrex process —> Butanes
D izer * Mol sieves ——> Pentanes +
LEGEND
= mem Located 3t gas wells Located in gas processing plant

Red Indicates final sales produsts  Blue Indicates optional unit processes available
Condensate i also called natural gasoline or casinghead gasoline

Fertanes + are pentanes plus heaier hydrosarbons and also salled natursl gasoline
fsid gases are hydrogen sulfide and carbon dioxide

Sweeening processes remove mercaptans from the NGL products

PSA is Pressure Swing Adsorption

NGL i Natursl Gas Liquids

* Reference: http://en.wikipedia.org
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Concept of LNG FPSO )

Production of the LNG by onshore facility I

—ProductionT erminal —

Natural gas from the offshore
production site is transported
PLATFORM by the pipe line to the onshore
LNG plant where the NG is
liquefied to the LNG.

LIQUEFACTION FROCESS FLANT
PLANT

EXPORT

FIFELINE 3 SUBSEASY $ TEM

The LNG FPSO is a having the
, and turret system.

Production of the LNG by LNG FPSO I—

PrT—— The natural gas is liquefied
BLanT direct in the LNG FPSO.
. » Onshore LNG plant and
transport pipeline are not
needed.

EXPORT

Far from the coas?é

4 < =
LNCFPSO

12




[Article] Shell decides to move forward with groundbreaking
LNG FPSO.

The World’s First LNG FPSO

Shell, the world’s largest oil
company, is now ready to start
construction of what will be
the world’s first LNG FPSO, in a
ship yard, Samsung heavy
industry, in South Korea.

LNG FPSO cools down the
temperature of the natural gas
(NG) from 27°C to -162°C
to shrink in volume by 600
times.

The

for LNG is most
important system of the
LNG FPSO.

NG A%

* MTPA: Million Ton Per Annual

* Reference: [Article] Yonhapnews, Shell decides to move forward with groundbreaking floating LNG, 2011.5.20 ’!dln b
13
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« NG(Natural Gas): Main component is methane(CH4).
+ LPG(Liquefied Petroleum Gas): Main components are propane(C3H8)

T
1
|
M M ! and butane(C4H10).
onfiguration o - NGl ot Ly i companertsae etrane(C2H),
! propane(C3H8) and butane(C4H10). It exists in the gas phase at 1 atm
1 and 20°C. That is, NGL = LPG + ethane(C2H6)
]
\
|

+ Condensate: Main are Pentane(C5H12) and
Hexane(C6H14). It exists in the liquid phase at 1 atm and 20°C, so
LNG FPSO . called ol
Hull Separation process te-- -- --

)
20% of LNG FPsO 20% of Process system

Fractionation process system
(Separating the NGL into the ethane, propane, and
butane by distilling the NGL)

. Pretreatment Process
lumbers u he
e e (gge;.;lfbﬂ:ﬁi; Topsides Process sysi{em 10% of Process system
70% of LNG 70% of Topsides .
FPSO Fractionation Process

\ Flare Tower
15% of Process system t

Utility system
Turret 30% of Topsides '— Liquefaction Process
10% of LNG 55% of Process system
FPSO (27% in LNG FPS0)

Liquefaction process system

(Separating the gas components into the NGL
and natural gas (NG) and liquefying NG)

1 process systems, the pretreatment and 1
1 liquefaction process systems are |

Utility system

(Gas turbine, etc) % Turret

(mooring)

Separation process system
ing water, liquid), and gas
components (NGL+NG) using the difference of density)

Pretreatment process system

(Removing the impurities such as CO,, HyS,
water, and mercury)

Living Quarter

« Production: LNG(3.6MTPA) = The liquefaction process system for LNG is most important.

* MTPA: Million Ton Per Annual 14
Reference) [Article] Yonhapnews, Shell decides to move forward with groundbreaking floating LNG, 2011.5.20
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1+ NG(Natural Gas): Main component is methane(CH4).
|+ LPG(Liquefied Petroleum Gas): Main components are propane(C3H8)
! and butane(C4H10).

1+ NGL(Natural Gas Liquids): Main components are ethane(C2H6),

Topsides Process System of
LNG FPSO (1/3)

1. Separation process system
1-1. Slug Catcher: Stabilizing slug flow from gas well

1-2. Gas/Liquid S S ) " (iquid), and (NGL+NG) : Condensate + NGL+ NG
-2. Gas/Liquid Separator: Separating water, condensate (liquid), and gas components + )
using the difference of density == : Condensate (C5~C6)

1-3. Stabilizer: Since a part of gas components is not separated from the condensate completely in the = :NGL + NG
Gas/Liquid separator, separating the gas components from the condensate again, returning it to the gas flow
and storing the left condensate in the condensate tank

propane(C3H8) and butane(C4H10). It exists in the gas phase at 1 atm
and 20°C. That is, NGL = LPG + ethane(C2H6)

Main are Pentane(C5H12) and
Hexane(C6H14). It exists in the liquid phase at 1 atm and 20°C, so
called oil,

| For the compactness of the topsides process

| systems, the pretreatment process system and

| liquefaction process system are arranged to cross
| each other.

v

Separation process system

1. Separation process
system

Gas Well

1-1. Slug Catcher
500~1,000m)

1-2. Gas/Liquid
Separator

Gas(C1~C4]

1-3. Stabilizer

Condensate(C5~Co)
Condensate Tank

15

Pretreatment process system

« NG(Natural Gas): Main component is methane(CH4).

+ LPG(Liquefied Petroleum Gas): Main components are propane(C3H)
and butane(C4H10).

+ NGL(Natural Gas Liquids): Main components are ethane(C2H®),
propane(C3H8) and butane(C4H10). It exists in the gas phase at 1 atm
and 20°C. That is, NGL = LPG + ethane(C2H6)

Topsides Process System of
LNG FPSO (2/3)

+ Condensate: Main are Pentane(C5H12) and
Hexane(C6H14). It exists in the liquid phase at 1 atm and 20°C, so
2. Pretreatment process system called ol

2-1. Acid Gas Removal System: Removing the acid gases (H,S, CO;,) which are corrosive to - Condensate + NGL+ NG
materials and toxic to human being :

2-2. Dehydrate System: Removing the water which can forms the ice : Condensate (C5~C6)
2-3. Mercury Removal System: Removing the mercury which can damage the » :NGL + NG
equipment and pipes : CO,
2-4. CO, Compression System: Venting or re-injecting the CO, removed from the gas
into the CO, well

*CO, well: To prevent the global warming, CO, is stored in the CO, well
which is separated from the gas well.

Liquefaction process system

Separation process system

1. Separation process
system

2. Pretreatrfent process

sysfem

| 2-1.Acid Gas
Removal System

2-2. Dehydrate
System
2-3. Mercury Removal
System

16

Gas Well
500~1,000m)

T
€0, Well || 2-4.CO,
Compression

System
Pretreatment

process system
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« NG(Natural Gas): Main component is methane(CH4).

+ LPG(Liquefied Petroleum Gas): Main components are propane(C3H8)
and butane(C4H10).

+ NGL(Natural Gas Liquids): Main components are ethane(C2H6),

propane(C3H8) and butane(C4H10). It exists in the gas phase at 1 atm

and 20°C. That is, NGL = LPG + ethane(C2H6)

are Pentane(C5H12) and

Topsides Process System of
LNG FPSO (3/3) ‘

3. Fractionation process system v
3.1 Ethane Distillation System: Separating NGL into the ethane and LPG and using it as the refrigerant in the liquefaction ~v---

system. Some of LPG s stored in the LPG tank and the rest goes to Propane Distillation system

3.2 Propane Distillation System: Separating LPG into the propane (C3) and butane (C4) by distiling them which are usegae® : Condensate + NGL+ NG
the refrigerant in the liquefaction system

. . ionati == : Condensate (C5~C6,

4. Liquefaction process system Fractionation|process|system ( ____) _____________________
4-1. Natural Gas Liquids(NGL) ion System: the NGL from the gas compone =P : NGL + NG ~ " "Natural gas composition: |
(NGL+NG) in the pretreatment process system by precooling . < P Ev——
4-2. Main Liquefaction System: Liquefying the natural gas by using the refrigerant : CO, et it
4-3. End Flash system: Reducing the pressure of the LNG (-161.5 C°, 60 bar) to the . Nitrogen 60
atmospheric pressure (1~2 bar) > NGL (C2~C4) Methane 82

Liquefaction process system = :LPG (C3~C4) : thane 71
* C2 (ethane) tank, C3 (propane) tank, and C4 (butang) =P : LNG (C1) V] propane 225 H
tank: Storage tanks of the refrigerant used in the H
i-Butane 040
liquefaction process
n-Butane 060
. i-Pentane 012
Separation f
n-Pentane 033
NG composition for maximizing the
amount of methane and satisfying the

required the heating value of N

1. Separation process
system

Gas Well

(500~1,000m) 2. Pretreatment process

system

3. Fracti 4. Liquefaction écess system
(2 [ process system ’i 4-1. Natural Gas Liquids(NGL) |
C2 Tanks

- 3.1 Ethane - Extraction System
LPG Tank Distilation System v
E}‘(:) 2 Propane | 4-2. Maisn Ltiquefaction |
stem
N —— €3 Tanks I Il Distillation System 0% &
@ process system C4 Tanks ! ) LNG Tank 4 4-3. End Flash system |
€n 17

Development Procedures of FPSO and Importance of FEED

Development Procedures of FPSO

Delivery
Explorati Front-End )
xploration ront-En . _ ;
& Feasibility : Engineering g:?”fd Construction (Sizar;tmﬁ!sgionin I\.aIZier:?etLoannsc/e
Study Design 9 9

Nt Sl

M Topsides FEED(Initial or Basic Design):
by

determining specifications of all systems according to
owner’s requirements

M Our shipyards only take charge of after detailed design
or production.

M In the case of topsides FEED, they are dependent on
foreign design companies with about 10~20M$ per
offshore plant.
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Procedures of Topsides Process FEED of

Offshore Plant

Design
@ Design Factor
Criteria Database
2 - Required Daily Consumption

of Production
- Well Components and Physical Data
- Well Capacity
- Environmental and Geographical
Factor
- Product Specification
- HSE (Health, Safety, Environment) Req.

< Offshore Process FEED Activities >

@ Process Simulation / ® Process & Utility
Utility Consideration Calculations
2 Determine physical, thermodynamic [~ ] = Determine the size &
properties of each process stream capacity of equipments
= Heat & Material Balance & instruments

@ PFD(Process Flow Diagram)
UFDutility Flow Diagram)

> Make a drawing to show the safety &
control logic of overall topside systems
and heat & material balance tables

hvd

UED (utility Equipment Datasheet)
UID(utility Instrument Datasheet)

(® PED(Process Equipment Datasheet)
PID(Process Instrument Datasheet)

2 Make datasheets to show equipments and
instruments data for performing procurement,

construction, and operation of the topside systems

® Preliminary P&ID

(Pipe & Instrument Diagram)

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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