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A Study on the Characteristics According to Variations of
Heating Media for Regasification Systems of
Gas Fuelled Ship and LNG-FSRU

Lee, Yoon Ho

Department of Marine Systems Engineering

Graduate School of Korea Maritime University

Abstract

As emission controls of NOx, SOx, and CO2 have recently and gradually been
tightened focusing on the seas of advanced countries, LNG(Liquefied Natural Gas),
the environment-friendly fuel, is judged to be one of the most practical alternatives
which satisfy global environment emission regulations. And the demand for
LNG is expected to continue to increase. There are gas fuelled ships in the
shipbuilding field and LNG-FSRU(LNG-Floating Storage and Regasification Unit)
in the marine field as the representative method which applied this LNG. They

have regasification systems, the core facilities, in common.

This paper is the study on characteristics according to variations of heating
media in the regasification systems which are applied to gas fuelled ships and
LNG-FSRU. It was composed based on the regasification system rules which are
applied to gas-fuelled ships and LNG-FSRU by using HYSYS V8.0. And the
following conclusion can be drawn according to the characteristics and

vaporization methods to vaporize LNG.
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(1) An analysis on the characteristics according to the mixing ratio of Eglycol
water of regasification systems for gas fuelled ship

1) When pressure, temperature, and flux of natural gas(NG) which are
supplied to DF engines are uniformly kept, the higher mixing ratio of
Eglycol is, the lower mixing specific heat of Eglycol water. And the cycle
flux and electric power were 1.65 and 1.54 times more required.
respectively, than water was used as the heating medium.

2) When water was just used when adjusting the mixing ratio after fixing the
size of the vaporizer, the temperature of natural gas which is supplied to
an engine and Eglycol water in the outlet of the vaporizer were highest.
And the changes that the temperature of natural gas gradually fell as
enthalpy of Eglycol water which is supplied to a heat exchanger gets
smaller because the higher mixing ratio of Eglycol is, the lower mixing
specific heat of Eglycol water is.

3) Basic variables including mass flux according to the mixing ratio of Eglycol
water, required electric power of operating fluid pumps, the temperature of
natural gas which is supplied to the engine, and the heat exchanger’s

capacity were drawn from the gotten results.

(2) An analysis on the characteristics according to changes of heat source
temperatures and vaporization functions of regasification systems for LNG-FSRU

1) The seawater flow rate of 4,438ton per ton was, at least, required to regasify
LNG of 200tons per hour with seawater of 25T in the vaporization method
which uses it. In case of the vaporization method which uses Eglycol water,
the seawater flow rate of 4,428tons per hour was, at least, required when
the seawater temperature which is supplied is above 17.05C. And steam
was needed as an additional heat source in the seawater temperature which
is lower than 17.05C.

2) the seawater temperature supplied when vaporization performance is adjusted
from 200 tons per hour to 150 and 100 tons can be vaporized with the
seawater only in the temperatures of 17.05C , 14.2C, and 11.3C according
to vaporization performance. Boiler steam was required as an additional heat
source when the seawater temperatures get to be lower than them. It has
found that the quantity of boiler steam of 59.51, 44.51, and 29.44tons is
required as steam is just used as the heat medium of Eglycol water when

the seawater temperatures get to be lower than 557, the temperature of
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natural gas which is delivered to users in land.

3) the quantity of required steam and the seawater flow rate were calculated by
dividing the vaporization method which uses Eglycol water into the case that
the seawater flow rate is fixed so that LNG of maximum 200 tons per hour
can be vaporized and the case that the seawater flow rate can be changed
according to vaporization performance. the steam quantity of 62.3tons was
required to vaporize LNG of 400 tons per hour. And if the seawater quantity
can be changed according to vaporization performance, the seawater of
8,855tons and Eglycol water flow rate of 3,164ton per hour were needed
when vaporization performance is 400 tons per hour in the same conditions.

4) Heat sources including changes of the seawater temperatures, changes of the
temperatures of the inlets and outlets, and the steam quantity and the
minimum flow rate of the seawater according to vaporization performance

were calculated through the gotten results.

The above results in the study are judged to provide valuable basic data for
the shipbuilding and marine fields in the future because there is no any study
which drew system design variables according to changes of parameter values in
Korea still now. And it is thought that better results can be gotten if studies
which design, compare, and analyze systems based on the actual values of plant

sites in the future.
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l Eco friendly marine design Technology

I :
Environmental protection
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|
Marine design
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High efficiency
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Trim adjustment
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Figure 1 Technology of Eco friendly marine design!"
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Figure 2 Composition of LNG[Producing area: Borneo]"
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40% urea solution
CO (NH,), * 5(H,0)

4NO + 4NH3 + O3 = 4N + 6H20
6NO2 + 8NH3 = 7Nz + 12H;0

Figure 5 Process of Selective Catalytic Reduction(SCR)"!

Figure 6 Process of Exhaust Gas Recirculation(EGR)
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Figure 8 Eco-Nuri of gas fuelled ship!®!
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Figure 10 Diagram of the Fuel Gas Supply System of low pressure for
gas fuelled ship!”
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Single fuel(LNG)

Dual fuel capacity (LNG or Multi-fuel capacity (LNG, MDO
MDO) or HFO)
Otto cycle Combined Otto/Diesel cycle Diesel cycle
Low gas-pressure supply, 4~5 Low gas-pressure supply, 4~5 High-pressure gas-injection,
bar bar 300~350 bar
High energy efficiency and Flexible and has back-up fuel Need NOx-reduction
lower emission than a diesel techniques to meet IMO Tier III
engine
Emits methane, but that is Emits methane, and that is hard No methane emissions, and
limited by design and to limit by combustion process  30% GHG reduction compared
combustion process control control to HFO
Sensitive to gas quality Sensitive to gas quality Not sensitive to gas quality
Not suitable for retrofitting of Possible to retrofit in existing Suitable for conversion of
existing engines engines existing engines, simple process

Figure 11 Different of LNG-engines available in the market"
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Double bellows

Flame arrester

Air flow
Filter
Leaking gas way
Air space around to air flow
gas admission valve

Figure 13 Construction of gas fuel double-walled pipe!

Gas system on the engine Inside E/R Outside E/R

Sealing oil system

Exhaust receiver {could be outside E/R)

1
Vent air Suction fan for 4 4
intake  double pipe system| x X
‘ R
[
V1: Shutdown valve I
V2: Blow-off vaive
Va: Purge valve Ventilation system X Gas supply system
= IEJ == Double wall pipe
1 Fuel oil Pressure : ~—— Gas pipe
Booster H ~—— Fuel oil pipe
f — Control oil/Servo il pipe  INeTt gas system
. — Sealing oil pipe
] LG veive == Ajr flow direction
— e
== Gas flow direction

Control/Servo oil

Figure 14 Gas fuel supply system of ME-GI engine[gl
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2.2 LNG-FSRU
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Figure 15 Offshore LNG Terminal(LNG-FSRU)™!




Liquefaction
base

B By o m

Liquefaction process [ regasification }

- Pre
Gas field 5 >
- g vestmen y

Stabilization
¥

EAE
collect

Figure 16 LNG Chain!"’

asification through re-gasification equipmen

Figure 17 Process of LNG-FSRU

Figure 16& LNG Chain® 2 7|&e| A 72l AHe HaArtas #Axe)
A3 Hslr)x)e] HaFAHS Fa HepHd A7 LNGE “J%Oi F1, LNG

Ao o AE LNGE SAJT7IAE ADalFA ok SA7IA A=
3l o] HAATF=E AY7|E ARl S5
O

NGE A7t dvlE &
Tt e H 2 FEElFEY ©] 7% S LNG-FSRUZF t2lskAl Ed).



Figure 17> LNG-FSRU7} S7421571A thal 288 & g3 JeE vet
Witk 7ol Sl A71s ARl(ABR A, d57], A3, kg, 718

AANE BA 7t X 2 33 FA

SFAIRF LNG-FSRUZ} A 85 INGF$42 $37|1A2 INGE &334 &L
LNG-FSRUZ LNGZ $%35F9H LNG-FSRU ol SA71A9 U3 #7135}
AH|E zb=3 9ojA ZHWE YoA LNGE A|7|8F 3 & SAo 2 FFE|FA

o

LNGEZ ajAoll A A713F 3 5 S22 F3F35t7] wio ¢-EA 2 NIMBY
Aol AL B2 SAAV|Ae AHS AAdH|Lo] 109E8, FAIFS oF 54
o] o] AQEAUATF LNG-FSRU= AAn]go] oF 399de], FAZ|ZHS ¢F 3do=w

o Z&Ho|a AHAHg B 4 Ak

~ LNG CARRIER

TO SHORE 55°C @100 bar
PIPELINE  Natural Gas
A
)
i

1
ﬁ METERING

55T
Natural Gas

OVERBOARD ~ RECIRCULATION

>

© Dan Noland

HP VAPOHIZEH |

RECONDENSER WP Pump SEA. g
SUCTION DRUM 163 @104 bar

Figure 18 Schematic of LNG-FSRU process
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FROM HP PUMP

-163°C @104 bar %
ING l

J e > T0
Natural Gas MEICHING
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Figure 19 Schematic of regasification system!"
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LNG || Sea water
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Figure 21 Concept of ORV Type!”
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A715k A" A A gHE thEZ Q] FAHEMMAZE Eglycol# Steam©]
Aqow EFL e Zrh

2.3.3.1 Eglycol water(Ethylene glycol water)

Eglycol water= Eglycoldl =& &£g3ste] AHdE Fr7IEF==H F+ MY
g Zpzkoll OHZF & 718 Ao} Qe CHiO2| 1haek B8k 7S 7L Sl
Table 1 Eglycol®] 1545 UeRAT

EglycolUJP_i bEmi A= ARESkAl kAl B EFEA AHEStE olfrE
43 Eglycol2 oJ&=3o] -12CQl WA, B3 &8s

718 o] F2A%S WaleiM =53 Eglycol Rt B W 0%—:7&% Zt7) ol

a3 e R B AREE A9 mide] 7 A3 4A 7 & dte

Table 1 Properties of Eglycol™

Molecular formula C2H602
Molal mass 62.068(g/mol)
Density 1.1132(g/cm3)
Melting point -12.8C(260K)
Boiling point 197.3°C(470K)
Viscosity 1.61x107*(Ns/m’)
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d HETg oAl 8 4oz 99 Tl o &d WEG wot
A 7] woll LASHAl "ok Eoll Eglycol= A W Eglycol®] F7]gte] 22
<=M ERG 27] wEel F7Iqke] WolAAl Hed, S99 w27 s
A4E &4 Aol HeZHA HAA nAe A HY 2=F P50
=T WolAAl "k nIFHAE &S 59U F& 899 A5 &Y o=
& Lol ol = & YA Foll W] RolxA Ak

AT, =mK; 1)

| 7]A, AT, = Freezing point depression Temp’(C)
m = Molal density(mol/kg)

K; = Freezing point depression constant(C/m)

)
o
u
3

271 AN AT F ' iy olalg = m¥}
molal o1& W @ K o Fo= F& F Uk dA Lujol] i
1molal &HAe] o= WAL &2 F/Hol #AGlel ¥ @S 2=,
olZ o= Rt a2
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HolE F AAARE Eglycol water] oJ=He
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7ttt ol agh EFVES (1) AHEshY
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2.3.3.2 Steam(E.L 3 2H§)

52 fAT 4 A= THED 377 1 99 dY(E] APy slolA
Risk glol Bed Au7A sdsbed Ped i FIA(EHeE el
= e i O

Eo] ZIAZ s sh=d Qs E%), 2 o] 28 #e FEEF HALo]
9)\ T j A



A7\ Nz" FHE AT SHEY

A 3%

T

& S A&

31 SAEYHE 4

o= =¢

AES IR

e

x
o

Al
-

o] A+ Peng-Robinson

2

RT

V(V+b)+b(V—b)

V—>b

714,

a=a.

2

R*T?

c

P

a, = 0.45724

c

RT,
P
1+k(1—T%9)

b=10.07780

Vo

k= 0.37464 + 1.5422w, — 0.26992(1)?



P, = Critical pressure[Pa]
T. = Critical temperature[K]
R = Gas constant

wp = Deviation factor

AzEl el Fagh dudhr)e & dEFe g 4L ol g3t

Q= UAAT, F, 3)

o]714, U = Overall heat transfer coefficient{W/m? - K]

F, = Logarithmic Mean Temperature Difference
correction factor
A = Heating surface[m?]

AT, = Logarithmic Mean Temperature Difference[K]

(4, - 1,)- (1, ~T.)
A = 7, —1)/(T, —7.)]

o714, T,, = Hot side inlet temperature[K]

Hot side outlet temperature[K]

=
I



1., = Cold side inlet temperature[K]

T, = Cold side outlet temperature[K]
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Table 2 Design specification of regasification system

LNG supply temperature -163TC

LNG supply pressure 6.2bar

LNG mass flow 0.69kg/s
Eglycol water supply temperature 50C
Jacket cooling water supply temperature 90C
Eglycol water pump adiabatic efficiency 85%




Table 3 Selected component and composition of LNG'"*

Methane(CH4)
Ethane(C2Hs)
Propane(C3Hs)
Butane(C4H1o)
Pentane(CsHi12)
Nitrogen(N2)

0.881
0.05
0.049
0.018
0.001
0.001

Pressure[bar]

70

60 -
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10
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Figure 26 LNG phase envelope
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Table 4 Purpose of design for regasification system

Equation of state Peng-Robinson equation
Type of regasification IFV type
Heating medium Eglycol, M/E jacket cooling water
Eglycol / Water mixture ratio 3:7
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SAtNA AlFsle HEU o4k INGY 2/3WE of 88%7F Wigho= o]folx Qlth

Figure 26914 Table 39] ZAH|E zt& LNG7} -163C, 6.2bare] =711 o
-5747TC ¢ A=} 64.6%are] YAUHS Heolw, 1 o]t 4] bubble
point?t UAH ©]4Y W dew pointE YeRATHM

o
ftl

Table 4= Al=® A7 7]& 9 58S HRt ol T3t DFAA
HE HAArpro 259} 9tHS 7]Eo® 7ZF Sreamd] 2%, ¢4¥, % &
215 dEgstd A718t A'llS #4335k, Eglycoldt £2] &37tulo w2

Cycle % 2 pump £8%5% 5o HAAMES =&Y

Lo

do o

=
H
Z

.

\l
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Engine
cwW

M d—
Jacket
.ﬂmc cooling
L u_m_m- Vaporizer
Number of Sides 3
LMTD 1195 | C
UA (Calculated) 1.958e+004 | kJ/C-h
aﬂm« 5 Hot Pinch Temperature 50.00 [ C
water CW/GW Cold Pinch Temperature 2436 |C
out Heat Exchanger Cold Duty 649.6 | KW
Exchanger
A = — ‘
._ﬂwo AMA - mwﬁmw_ GwW CWI/GW Heat Exchanger
PBU = Mwm__mw Duty 6488
ABOIEEE %wq Q-101 Tube Side Feed Mass Flow | 5.975e+004
2100 Shell Side Feed Mass Flow 1.746e+005
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v’qx SET-1 : adjust the LNG storage tank pressure
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Figure 27 LNG regasification system depending on the mixing ratio of Eglycol and water
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Table 5 Comparison of the prices depending on the mixture ratio of Eglycol

Total power[kW] 1.299.23 128611 |
Mass flow of Eglycol water[kg] 15,520 44,352 |
Total price[US dollar based on Feb. 2014] 28,122 80,366 |

Pz 28 Fdo] ¥ 2PHYT. oF uiElog A7k 25tong] HATIAE U
A Aaaths by kol Eglycolel EFMIE 30%Y we}b 70%Y we| Z7

H]-§-& Hlws) Byttt

o_|>i

_4

Eglycol E3017F 30%% wl Ba3 & 592 129.23kWolal, ©]Z1-2 kWheol| o &
A @A &S PSS wW oF $695 olth EFMIVL 70%Y A5 A
T Y2 1286.11kWelal FLE WO = Al4kstA $688 o= @l‘dé AT
a3 cycle ¥ T Eglycol® S =HI7F 30%2kal 7T ARES 15,520kg ©]
FrFol, 70%%0 73-F- 44,352kge] o] Hosith AlFolA BujE=
7VYA71E v BE Eglycol®] E@HI7F 30%2F 70%<Q1 A9 A2 $28,122,
$80,366% E&MI7F 30%] tiulste] 2.8ufe] w]go] FUFstAl At o]e} o
Eglycol®] E307} 24445 Q75HE 48 592 76 =y, Edde
Eglycol?] 7}Zo] duldoz A F7F 34 WA Eglycol® F3FH|7F 30%
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Figure 29 Engine supply and vaporizer outlet temperature depending on

the mixing ratio of Eglycol and water
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e YeERth
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Table 6 Selected component and composition of LNG!

Methane(CH4) ‘ 0.881

Ethane(C2Hs) 0.05

Propane(C3Hs) | 0.049
™ e B

Butane(C4H10) ! 0.018

Pentane(CsHi2) | 0.001

Nitrogen(N2) i 0.001

Table 7 Selected component and composition of Eglycol water!™

Eglycol(C2H602) 0.3 |
Water(H,O) 0.7 |




Table 8 Design specification of LNG-FSRU™

Vaporization capacity[ton/h] 100~400

Pump adiabatic efficiency[%] 75

Natural gas temperature[ C] 5.5
Ethylene glycol water temperature[ C] 17.05
Sea water temperature in/out diff.[C] 7

Table 6 AIZFE 200ton®] LNGE 7|8A1Z 4 A= A 7|3 Al2E=HLS 74
st7] 1% 27j2dS Bt

Table 9 Purpose of design for regasification system

Equation of state Peng-Robinson equation

Type of re-gasification IFV type

Heating medium Eglycol, Sea water, Boiler steam

Eglycol / Water mixture ratio

Table 9= LNG-FSRU& 713} Al 2=®lo] 27 7] 9 545 B A7]3}
WAl 47179 79 uA Tube Hol Eglycole] €elAd S WA
F719138e g Z1shgals A E3HARE AA 71l FHoFsta FA WA o]
714 LNG-FSRU°®l #&3&t7= ogd7] ol FXHEuA 7|shd4 s A
At olF Fato slgexe W3l 9 4 U7 259 W3t g 7]

Aol W §50) HART % steam] ¥ T HALE A
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Figure 31 Simulation of a vaporization by Sea water' "
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Figure 32 Simulation of a vaporization by Ethylene glycol water!"
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Table 10 Required steam flow rate depending on the sea water inlet temperature

17 4.9 0.4571
15 4 11.29
13 3.1 2213
11 24 31.77
9 14 42.62
7 0.5 53.47
5.5 0 59.5
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Figure 33 Required steam quantity depending on the supply sea water

temperature
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Table 112 713450l A1 200ton¥ W, Case 13 Case 20| Q75+
7o HAFEFS HAh Case 29 ZAAE &RI3t7] #1380 Eglycol water?]
dHy o FHFS AP O, Case 13 Case 29 lFH% ztol=
Ha s Az S¢S AFEsHE 7132 0] Eglycol waterE AHg3kE 713}
WAl Boh A7 Ho) 22ton, H4& 6ton?] dFHEo] B LT EH YT

Table 11 Required mass flow of sea water depending on sea water in/out

[12]

temperature difference

13 2,395 2,389
11 N : 2,82577 2,822
9 : : r i 3255 7; 3,477
7 } — 4,428
5 ‘ 6,200 6,188
3 F | 10,5807 10,270
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