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A Study on Floating type Combined Cold Storage and
Power Plant using LNG Cold Energy

Lee, Myoung Ho

Department of Refrigeration and HVAC Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Base on the energy diversification policy, Korea Gas Corporation started
to import LNG from Indonesia in October 1986, and supplied natural gas to
Gyeongin area through commercial operation of Pyeongtaek LNG terminal
and imported from Malaysia in September 1991 also from July 1993 began
to supplying to the Central area and also to the Yeongnam and Honam
area. After that, commercial operation was started at the Incheon LNG
terminal and the gas was supplied to the Busan area.

In the first decade since importing, LNG annual use amount is 17 million
tons, the amount used every year increases, the basic fuel for catering
and heating necessary for daily routine for the first time in 20 years has
changed from briquettes and oil to city gas.

In order to reduce the volume of NG, liquefy the temperature to -162
® C, transport it to the LNG carrier, store it in the LNG storage tank of
Incheon, Pyeongtaek, Tongyoung and Gwangyang terminal and then supply
to consumers after revaporizing it.

Methane, which is the main component of natural gas used as city gas,
supplies high energy of 13,000 kcal/kg in the combustion process, so it
plays a role as an excellent energy source, and to supply it to customers,
LNG using a seawater type carburetor to heat to normal temperature NG,
200 kcal/kg of cold heat which is 2.5 times higher than the heat of ice
melting which is the core heat source of ice heat storage is discarded to
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the sea.

The theoretical method for recovering the LNG cold which is discarded
in this manner can use -155C cold heat generated in the vaporization
process of LNG for liquefaction separation of air, released after
liquefaction separation -130°C cold heat used for low temperature crushing
of waste tires -100'C cold heat is used for metal forming and freezing
warehouse and ice making and the cold heat generated after ice making
can be supplied to cold heat required for cooling.

For this reason, academia and related companies have made great
efforts, but in Korea, it is possible to use cold energy only if it is adjacent
to the piping system supplied from the LNG receiving terminal. Due to the
geopolitical restriction, it is judged that it can not recover the huge
amount of cold heat released in the process of converting to gas and it is
not economical.

However, in this study, we will focus on not only solving the above
problems but also being able to recover enormous LNG cold heat if it is
adjacent to the LNG supplier and the utilization recipient of LNG cold
energy, 1 decided to do research on a freezing warehouse using LNG cold
energy.

In the neighboring areas of the island of Indonesia, which is a producer
and exporter of LNG, the existing mechanical compression refrigeration
system is used for freezing fisheries such as tuna, which is a high quality
fish family. In addition, LNG vaporization system is installed and NG is
supplied to power production facilities reaching 100MW.

Therefore, a new concept, floating type Combined Cold storage and
Power generator(CCP). This supply quick freezing warehouse using LNG
cold energy and electricity from power generators using vaporized NG
installed in the barge to Southeast Asia including Indonesia.

KEY WORDS: LNG, Methane, City gas, Cold energy, Vaporizer, Metal
forming, Refrigeration crushing, Grid, CCP
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Table 1.1 World energy prospective (Million toe)
1) Include bio-fuel 2) 2011~2030 Annual average(%)

2010 2020 2025 2030 Growth rate?
Liquidl) 4,032 4,407 4628 4761 0.8
Natural Gas 2843 3633 3938 4252 2.0
Coal 3532 4454 4617 4701 1.4
Nuclear 626 734 834 968 2.2
Water Power 779 996 1074 1157 2.0
Renewable energy 166 471 668 878 8.7
Total 11978 14694 668 878 1.7

Source: BP, Statical Review of World Energy, 2013
1.1.3 =W LNGY YA}
-2yl LNGol &9 A= 19861 109 =7t agA7t IZU Aol Z 5 E
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Table 2.2 Field of industry using cold energy
Temp. . .
Gas name Process using cryogenic
range

Freezing of agricultural and marine food, dried, low

CO, -78.9C | temperature grinding of plastic products,

production of dry ice

Ethylene _100C Separation of ethylene in the ethylene production
gas process, low temperature grinding of tubber tire
LNG _169C Low—temperatgre crushing of wastg cars, cold

power generation, nuclear waste disposal

-183C | Blood, sperm, bio-preservation, aerospace fuel

LN, Rapid freezing of agricultural and marine products,
-196C | low temperature grinding, low temperature cable,
liquid oxygen, nitrogen, argon manufacturing
Hydrogen liquefaction and storage, transportation,
H, -253C | superconductivity utilization, magnetic levitation
trains, genetic engineering

Helium gas liquefaction, storage, transport,

-269C | bio-freezing, superconducting and magnetic
levitation trains, genetic engineering

Liquefied
H

e
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Table 2.4 Classification by kind of refrigerant

Refrigerant Classification
Pure refrigerant cascade cycle | Methane, Ethane, Propane cascade cycle
Mixed refrigerant cycle SMR, DMR, C,-MR, PMR cycle
Gas expander Cycle C,IN, expander, N, expander cycle

3-2) Afol 2] o] whe BE

Table 2.5 Number of cycle
Refrigerant Classification
Single loop (Non pre-cooling) | Single MR variants, N2 expander process
All C3 MR variants, DMR, C1/N2 expander

Two cycle process
Mixed fluid cascade, optimized cascade,
Three cycle and cascade AP-X, cascade
- ’|8 -
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Fig. 2.19 Energy flow on LNG process in winter(summer) season
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Division Winter Summer Remarks
Coolness availability rate (%) 36.0 30.0
Available amount of cold
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Fig. 34% #4744 4535209 7JEAYERA Table 3148 F53%

2 57, dukdERAA 3, R HdyA T 27 aEla HAE s

Table 3.1 Cooling chamber

Division Temperature Size
Quick freezing warehouse -60°C 270m?(3x9x10m) <5 rooms
Freezing warehouse -25C 162m>(3x6x9m) <3 rooms
Vegetable cold chamber 4C 180m>(3x6x10m) <2 rooms
Accommodation AHU 18°C 1,320m3
I8l AAL Table 3.1 Zo] 7] 40CAA A= 18CE A
F e 8 392 14, ALY 124, AEE E 14, A9/ 14, fAdx9

W A4 2 Ysd o2 RES] dif, 5, SAIEHA
o A WE =337 A7 W2, AR 2 2 Es & At
st A%k AUAE A 2"IEE A4kstdE OS3 2o

Table 3.2 Accommodation area(18C)

Division Size Division Size
Wheelhouse 120m>(2.5x8x6m) Mess/Galley | 200m>(2.5x10x8m)
Crew room 50m>(2.5x5x4m) < 12 MSBD room | 100m3(2.5x10x4m)
Control room | 100m®(2.5x10x4m) AHU room 200m°(2.5x10x8m)

ojf
of?
02
P
nod
A
S
e
2
°
r
i
=
ok [
2
fuj
-0
N
cs
2
>
o
S ¢
2
i)
—d
rlr
>,
()
o
)
>,

_49_

Collection @ kmou



of A=k HASE o] AFe HEE FA 7 AAAE 60CoIGe] F&

Yol dasit
-607TC 60T -60°C -60TC -60T
270m 2 270 m*® 270 m*® 270m*3 270m?®

- -— - - —-—

gl

Cold Refrigerant Vapor

| v
£

e
» Cold Refrigerant Liquid
Fist . . | Sub-cooling 5
T = Heat exchanger
< o S

Hot Refrigerant Liquid

Condenser
Hot Refrigerant

Vapor

Y

Cooling Water Pump

Fig. 3.5 Mechanical fish refrigeration system
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2 T3 O+@+3=103.97kcal/kge] o}

O 52 Bad% : TAEZhg XAt xHL( keal/kg’c
=1kg =< (30— (—2.2)) X 0.76kcal/ kg’c = 24.472 keal
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kg X At X H| B O keal/kg’c

= 1kg < (—2.2—(—60)) X 0.41 kcal / kg°c = 23.698 kcal D
- x| A vEC, : 0.76kcal/kgC
- A w24 - -2.27C
- ZA A% H<4C, : 0.41kcal/kgT
- = 54 4 : 55.8kcal/kg [10]

Table 3.3 Freezing energy of tuna in fish refrigerator

Freezing energy of tuna for 24h

Division

(30°C to -60°C)

kecal/kg

kcal(105 tons)

S.H before frozen C,

0.76 kcal/kg"C

24.472 kcal/kg

2,569.560 kcal

Latent heat in frozen

55.8 kcal/kg

5,859,000 kcal

S.H after frozen C,

0.41 kcal/kg’C

23.698 kcal/kg

2,488,290 kcal

Total(24hrs)

103.97 kcal/kg

10,916,850 kcal

Total(hrs) 454 869 kcal/h

oo Atz 60T WEAo) 70kgel FA 300mie]E BB Fool B
T 21E0) Es BFS 2447 Foke] WEAYY] s BaF BEou

A= 21,000kg<103.97kcal/kg=2,183,370kcale] ¥ 30C oA HEL2% -60C 2
ZA 7171 S8 Ak @5 90,973.75kcal/he] FEFol Bastw F 579
WEAE 9)8lAE 454,868.75kcal/he] WA o] B asieh
1-2) 353 9712 FH HYoiA] =

7l 2EE 40Col YEHAW 2=7F 60T F5y54de] HHs Table
349k Zo] T0mmFA S| Ze]f-HSE GAAZ AT JEAHoE HIHE

dS A=, U7, EAdUARZ TR A
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Table 3.4 Specification of fish refrigerator

Fish quick refrigerator

Insulation panel thermal conductivity

0.024kcal/mh°C

Thickness of insulation panel 70mm
Outside temperature 40°C

Temperature in refrigerator -60°C

Total area of insulation panel 1,.254m?>
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(=] 2 e
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dx
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Fig. 3.7 Overall heat transfer
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Q_ ZR_ RCOTLT}.OUt + RCO”d +RC()TLU.’L- B 1 _|__ Ax + 1 kcal/h (2)
h,A A hA
Rconv out [hOC/k’Cdl]ﬂ7] ‘:H“?roaﬂxi 601_ & ] = D) ! 9
‘ hyA" 8.6kcal/m*h’c < 1,254m
- Agx 0.07m
R'on [hUC/k}CCLl] ﬁEOﬂ Xﬂ = =
cond S TN 0.024kcal/mPh%e X 1,254m?
- 1 1
R(’om; [hOC/kcal] LH 7] m T X1 = <
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1
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Fig. 3.8 Heat transfer of fish refrigerator
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- 3,024kcal/h < 1.25 . 3,780 .

9 o Z2=aF) — > __ >V 4
Ge(USRTS 2 2.57%) G0min < (4, —1,) [I/min] 60 (40— 36) 15.751/min
=163.59(USRT) x 15.75]/min = 2,5761/min 3

Qm®/min (Fr3F) x Hm (%4 ) x ’ykgf/m3 (= vlF%)
A

L (A28F5%)= -
el &#) 102kgfm/sec(k W) X 60min < HZ & &

X o &

_ 2.576><30><1,000
10260 x<0.78

x1.2=19.43kW 4

=

webA 9o Ao ® WEr] ¢+Z=7], Unit cooler fan motor 183l 2=7]

Wz Jxe] 2y 292 656kW + 30kW + 19.43kW = 705kW o] o}
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Fig. 3.9 Electric power per USRT
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A% 1kg x 49.4kcal/kg = 49.4kcal

T4 3 -25C7HA W7k 0 1x(-2.2-(-25)) x 0.39 = 8.892kcal )
- 237 B2 v4d : 0.7kcal/kgC
- A3V 3473 : -2.2C
- &317] 34329 BH4E : 0.39%cal/kgT
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Fig. 3.10 Mechanical meat refrigeration system
o A7z -25C9 WesrR#Ad 100kge] WES 6075 EAT H
Zt B B 6EY WESE -25CE BEstr] {3 283% WsddA & 6,000kg
x 80.832kcal/kg = 484,992kcalo|™ 24A1ZF ol ZHE2EE WEst7] HaliAe
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20,208kcal/he] L
d o] dasir

Z 39

Sy

Table 3.5 Freezing energy of meat in meat refrigerator

Freezing energy of meat for 24h

DiViSiOI’l (SOBC to _25°C)
kcal/kg kcal(18 tons)
S.H before frozen C, 0.7kcal/kg"C 22.54kcal/kg 405,720kcal
Latent heat in frozen 49.4kcal/kg 889,200kcal

S.H after frozen C,

0.39kcal/kg’C

8.892kcal/kg

160,056kcal

Total(24hrs)

71.398kcal/kg

1,454,976kcal

Total(hrs)

80.832kcal/kg

60,624kcal/h

e HslAE 20,208 x 3 = 60,624kcal/he] W&

I 97z HEe

A2 4k
dAE=E0] 0.024kcal/mh®C Q! S EE GEAZ AFS FAT70mm Y524
o] 0.343kcal/m’hC o224 W2y &

sy
a

E7F -25C, 97l

B WA o] 52n Y AS FEWFAN vpAAAR )Tl
A AYsts de uR, AE a7 % EaEAYe anE
gebd AgHE QoUAE oldleh ol FFAAY Ao AN
& ek

Table 3.6 Specification of meat refrigerator

Meat refrigerator
Insulation panel thermal conductivity 0.024kcal/mh°C
Thickness of insulation panel 70mm
Outside temperature 40°C
Temperature in refrigerator -25°C
Total area of insulation panel 522m2

- T2 Qg AL

Fig. 3113} o] 917]9] 4717} tif, A=, el oM dad
Hog Rt FoUAE ofefel HB)e= T35k 10,774kcal/hel .

o g
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he

+4OFC .|_40ﬁ
L J v
» -257TC =
2
he 522 m ho
> hi -+
3 F
k = 0.024kcalfmh™C
he
Fig. 3.11 Heat transfer of meat refrigerator
. At . At ] ty—1;
Q_ ZR_ Rcom;,out +Rcond+Rcom;.E ] 1 + Az + 1 kcal/h
h,A XA hA
Rconv out [hoc/kcal]‘ﬂ7] q]‘?roajxi 601' = ! = 5 3
- h, A - 8.6kcal/m’h%c < 522m
} At 65°c
R [Rc/keal| A=A = —=
cond | | IV 0.024keal /m>h°c < 522m?
- 1 1
Rconv i [hoc/kcal] LH 7] EH 72 ﬂ = =
' e hA  8.6kcal/m?h°cx 522m?
1

klkcal/h°c] BAF5 =166 kcal/hC

T S RAADA K/ keal]
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2-3) & Q8 Yoz

YsAY WsEe Wiy Ul Bddy s T3 Soles 45 WA
7] 9% FEHS A4 60,624kcal/h(2) =32 + 10,774kcal/h(H E<L ) =
71,398kcal/h=Z A4 23.61USWY FEo|t}.
2-4) YEA Y BeAd
7F 457 BEHEE

23.61USRTe 3P H = d=7I12He =82 Fig. 3.99 <ojstH -25T oA
23.61 x 1.9 = 45kW o]t}
U, fUEZY A TEH 29

3 kW x 2sets x 3rooms = 18kW
o $%7] Wz WL E AL

WA Be PA5FS AR AeHE 371870minol e Bxe] §FS ofy

o 2@z AAH 2.8kWolth

3,024kcal/h < 1.25
60min X (t, —t,)

3,780
60 < (40— 36)

=23.62 (USRT) x 15.75 l/min = 371.87 l/min (7

Qm?/min (%) x Hn(%4) ><fquqf/m3 (B n5=)
102kgfm/sec(kwd) < 60min < A & &

Ge(USRTE D a475F) =

[[/min] = =15.75]/min

L, (28%9)= x olo-g

_ 0.37187><30>1,000

xX1.2=72.
102><60><0.78 L.2=28kW ®
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webA 9o Aatez WEr] 9F=7], Unit cooler fan motor 183 237]
W2 Hx o] BE £3HL 45kW + 18kW + 2.8kW = 66kWo| T}.

3 ok FRZIA2H

Vegetable refrigerator

AT 4T
180 m * 180 m*
o = = i

Cold Refrigerant Vapor

T

L

Cold Refrigerant Liguid

Sub-cooling

Heat exchanger
‘—J

i S
Hot Refrigerant Liquid

Condensear

Hot Refrigerant
Vapor

36T T

A 4

Compressor

Cooling Water Pump

Fig. 3.12 Mechanical vegetable refrigeration system
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3-D A4 Fo WA 4=
lkge] whu, B 5 ANbPFAES 30CTNM 4C7AA B3] 91 &
ZFS 3l 23.4kcalel ot
1kg x (30-4)C x 0.9kcal/kg"C = 23.4kcal
- vy, @39 v ;o 0.9kcal/kgC

Table 3.7 Freezing energy of banana in vegetable refrigerator

Cooling energy of banana
Division per kg for 24h (30°C to 4°C)
kcal kcal(12 tons)
Specific heat C 0.9kcal/kg’C 23.4kcal 280,800kcal
Total(/hr) 11,700kcal/h

e Asz 4Ce] ok 6000kge] whfiFsh WEE mpT 9ol

Zt B & e WZeuA = 6,000kg x 23.4kcal/kg = 140,400kcalo] ™ 24 A3t
Well X252 WYeslrl 98+ 5.850kcal/hel® & 2709 WAHs <l

X
rr

5,850 x 2 = 11,700kcal/he} W§7td=Fo] & g3l

3-2) WA ej¥ ozl oA =

Table 3.8 Specification of vegetable refrigerator

Vegetable refrigerator
Insulation panel thermal conductivity 0.024kcal/mh°C
Thickness of insulation panel 70mm
Outside temperature 40°C
Temperature in refrigerator 4°C
Total area of insulation panel 396m?>

M Eg0] 0.024kca/mhCl fH&F dIA= AFF 57 70mm 54
o] 79 dE7Eo] 0.343kcal/m’hC S 24 WY X7} 4T, 97]&
£ 40T o)L, 180m’(Bx6x10m)7F =] ©dy wzo] 396m Y 7% oA I
o

< U7, AE U7 A2 desduie dgdn.

o
ol
rr
e
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uebs AgEH e oA ALte ot o] FTEIAAE

o 1
@& % 9ok
- g dAg
Fig. 3135} 2ol 91719 4717t tf, A=, dfdl osid J3ae) o
Moz PEHE dUAE okzlel 4@ 7 F Uk
he
+407T +40T
v L J
» 4T <
180 m?
he he
P hi <
- F 3
k = 0.024kcalmh'C
he
Fig. 3.13 Heat transfer of vegetable refrigerator
At At s by =1
Q_ ZR_ Rcom).out +Rcond+Rconv.E B 1 + Ax + 1 kcal/h (9)
h,A XA hA
Rconv out [hoc/kcal]g7]q1%oaﬂX1 6o]': ! = 21
' h,A 8.6 kcal/m?h°c > 180m>
- At 36°c
RCon [hoc/kcal]ﬁg_oﬂx:l 61— =~
d T TN 0.024kcal/m?h e < 180m?
- 1 1
RCDnvi [hoc/kcal]q17] EH T4 X% g = =
' TS T RA T S 6keal/mPh e X 180m2
1
klkcal/h’c) BFF5 = =57 kcal/h'C

SIRAA LD AR e/ keal
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Qkcal/h = ——== At x -F&k=2,058kcal/h

A lkcal/mh’c) - HEH ] EA &
tIC] : 9rlex
t,[C]: TUe=

Alm?] - By B3

3-3) FAEEE F B YA

QAN @RS W2 97lelN $EEe o Sojet 4 Wzl
%S A4St 11,700kcal/h + 2,058kcal/h = 13,758kcal/hZA] 4.55

3-0) 3 2Y e
) %7 REEE
4.55 USRTel sigde= $=F71=28 e &2 Fig. 390 st -25C oA
4.55 x 1.8 = 8.19kWo]t}.
G fUEZe 9 e 29

2kW x 2 sets x 2rooms = 8kW

o 2AA YRS BZEYAL

49 ‘@744%2 21(10)2 AAFslA 71.650/minolw HZ o] &S ofgfe] 2

. 3,024kcal/h < 1.25 3,780 )
g g fek) =2 — = _—15.
CE(USRTE A8 = =0 mse 1) Y™ = o (i —sg) 12720/ min
=4.55(USRT) x 15.751/min = 71.65//min 10)
- 65 -
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3 /min (Fr5F) X Hm(FA) X vkg,/m> (&2 v Z3F)
Lyg(zage)=2" gym e g
’ 102kgfm/sec(k W) x 60min < B X & &
_ 0.07165 30 < 1,000
102 <60 < 0.78

xX1.2=054kW an

kA 9o Aoz B%r] 47, FUEZY A 2E g

Zvt Bz By &9 8.19kW + 8kW + 0.54kW = 16.73kW o] t}.

1 e57] W

4 Ad YA 2H

\\\ Wheel house E‘ ; .L!'\:E_E 1
SN
SN }_| \J" ’_| 1 :,/ ?\‘ -
e 15T
C Dk - BB _‘7
1% — ‘I !,-‘ — - W/H 2.5x6x8m /
ANVl 1S g | N 10m
15T w—
B Dk - 2 2 : ]
f— ~
& e = J L —_ —y F"E" T
SN ETRS a2
= e 15T CIR, Mess/Galley 2.5x15x8m
A Dk H I 4
= - ir-Cond.
b\ b J rE I:ac_f:m MSED, A]-I[u 2 5x158m _L/
SN ,,t .
- '//Om — } 15m !
40c |"tikf 1 AHU v
= Compressor
UPP Dk — =¥ @:_‘ @‘] ’—?:_i‘

Fig. 3.14 Air conditioning system in accommodation

9]7]e] =7} 40Colx A4 W =7} 18CQl Ao A Qo] 770

mrEA 7 Fo] S euo] 90%2] 693mPol i 10%<1 77m?rt AEOZ AAH
oo HAel WRss ol Ao LEE WAL SEF 3
As7) g6l Wad A, AUERE AAd okt dF Lem A AY
s o] ook,

ojg|gt WH-etE Axtsly] AsiE o TR 7 =S s
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of TS F= EHU FL(g,: Sensible hea)} FE=E A7 A
(g Latent heat)S ©]-&3j oFgict.
ZI(AHU)Z A7 H 6

TE
3¢ TS ot RS %’—71*’53@—% sl =2 71Fe] 50%E 217]00A
[e)

Roof conduction

.|.4Q°C [sensible heat, considerable outside temperature
IETR Infiltration
h body (Sensible heat +latent heat, :
', ¥ I CaRa g hcat) (Sensible heat + latent heat)
Ventilation

-1 [Sensible heat + latent heat)
Transmitted rad iation
+4OT \ heat (sensible heat) +40~C
| ‘Wind shield Conduction

| [sensible heat)

. —
machinery(Sensible heat + latent heat) 1
\ lighting{Sensible heat + latent heat) o ]

‘Wall conduction +18EC
lsens.tble heat, considerable outside temperature
Door conduction
[sensmle heat, considerable outside temperature l

Bottom conduction
r (sensible heat)

+40T

Fig. 3.15 Load of air conditioning system in accommodation
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4-D) Wz ApoznEel PYIF

= 0
AAAA A AL 90%2 693m’E A st= &
LY dg9AE AF3 FA 70mm AAH AL R
A=

A=, g7 A2 AdUFe dAgses 52 420

Table 3.9 Specification of accommodation

Air conditioner in accommodation

Insulation panel thermal conductivity 0.024kcal/mh°C
Thickness of insulation panel 70mm
Outside temperature 40°C
Temperature in refrigerator 18°C
Total area of insulation panel 693m 2
Total area of window 77m?2

- 2 Qe

Fig. 3.159} zo|
o 2RE =

9j7lel 717k dF, A=, tifFel oM Ao ddeofy

oA & olee) 4oz T 4 Tt

At At - ly =1
Q ZR R(onv out +R(md +R(’om = 1 + Ax + 1 kcal/h (12)
hA XA hA
By [/ keal] 9171 VTR A G = = . -=0.000168
onv-out h,A  8.6kcal/m*h°c < 693m
_ Az 0.07m
R, [hc/keal| A =G A8 = = =0.004209
cond T TN 0.024keal/mh % X 693m?
) 1 1
R, . [hc/kea] N7 HFL A & = = =0.000168
conv-i TETNC T AT 8 6keal /mPh e X 693m?
1
klkcal/hoc) @74 =

=220.054 kcal/h'C
SIRAA LD A A/ keal)

A\t
Qkcal/h) = < 5= Atx A7 F-8%=4,841 kcal/h
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A kcal/mh’c) - HEH o AA &
tIC]: 9re=
t,[C] : IW2=

Alm’] - gy A3

4-2) frelFoERE S BAIAD

ANARAA A A ] 10%Q TTm*E A= ZFEY 4

[e)
o
0.671kcal/mhC 91 7 15mme] #8#S A& H$ d3FEo] 44.72 kcal/

R L I R
AR 7E oleis] Feldel We] L= os) A FYsh
E<dq, 2k I ol (A3 = ALtstH 87,345kcal/h7 AT

=K, <A, XTI+ K XA, X At[keal/h] 13)

= 0.5 X 77m* X 300kcal/m*h+ 44.72kcal/m’h e X TTm? X 22°c = 87, 345kcal / h
- K, . #ra e &HASF 0.5
- K : 589 9387 8(44.72kcal/m*hC)

g

- A, FERe WA
- At AR EAH2C)

- 1: 3AE BT DA (300 kcal/m2h)

4-3) A9 =RF7P A=A =

Fig. 3.149] 12.5m ¥o]o] MAoA #at$-2(120m"), AAAG0m’x12), HE
F(100mY), A7 2 2 H@200m*), FZ712AHU 200m?), WA B E
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(100m*)e E33 AAAAAZ 1,320m°e] F71S 40T N4 18C7A Wzt
7] 9t F=712 A T AAFE 1] 66l 7,920m°e) FUE <8 F
sto] Wzteled FBadk @S A04dA Asre] 2® 53,750kcale] & gFol
dasty 2442 Yol HExER WZA77] YElME AY 2od9%
2,240kcal/he] o},

_ IR 7.920m°
71 HIAA (v)  0.778m7 kg

=10,180kg

= 10,180kg x 0.24kcal/kgC x (40-18)C = 53,750kcal (14)

- 5719 ¥<E(O : 0.24kcal/kgC
- 3719 HAANV) : 0.778 i /kg

4-4) 91715732 #H5 < Fnfiltration)

TNAAS Y3 271ZRH 3,960m’he] U= 66%% &= 40C 2 #+<¢
718 BBCE YAAA dUFE 50%2] AWE7I2 vtee=d B83 €%
FEAE Fig. 3135 #Faste] ofgfe] 21522 A4be] B 107,705kcal ]
daFo] Basty 24A7F Yol BExL=2 WA s Azt 2ad

2 4, 488kcal/ho]th.

Qkcal = Q.+ Q, = 107,705kcal (15)
Q. keal = 0.24G,(t, —t,)= 0.24 x 5,090 x 22 = 26,875kcal
Qkcal = 597G (x, —x,) = 597 x 5,090 x (0.032-0.0054) = 80,830kcal

- Q. F0E A A5
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-t 9IS =(C)

St AP LE(C)
-z, 1 917 Aol =ke/ke): 0.032
-z, AW ddHEkgke): 0.0054

_ _EAE=() _ 3,960m°
B71IRAIA () 0.778m? kg

= 5,090kg

r
~
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pifetiie)
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Fig. 3.16 Psychrometric chart

Ad W AdEe 233 W o5 B 4089 o] FFIda 714 s

3 g E3} =402] x 50kcal/h<el = 2,000kcal/h
- Z4d 83} =409 x 63kcal/h¢l = 2,520kcal/h
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4-6) =R

-

z9o] A m’3 20We] ¥F5o] Axdctd lkcal/Whe] o] TAdT)
wretA ofel e} o] A4kstH 10,560kca1/h7} o},
- 20W/m? x (16m x 8m x 4% + 6m x 8m) x 1kcal/Wh = 10,560kcal/h

BT TEHI D) : Ikcal/Wh

4-7) A4 F =9 Yzl 14x](113,994 kcal/h)

A4 g 293 F WA s ¥HAE & F35H4,841kcal/h),
(87,345kcal/h), «=3-&F7]5-3H2,240kcal/h), A& 7]%5-35H4,488kcal/h),
(4,520kcal/h), Z™F-3}H10,560kcal/h)e] o = 113,994kcal/h7} E= 37.7USWY &
Eo|t}.

fo

o oM
2 Mo
4 e
ol
o

ol
i

4-6) A WA= B o

N

b 457 BEHEY

Wk (F) AR 2" =7 3 EFHo| 1IHPY = 2,500kcal/hZ A
st AAe wet oA GEE 7 ATk

uhehAl 113,994kcal/h(37.7USRT)Ol slEE < A=71EE Y 92 ofgf o 2
(16)°ll A 34kW o] T}

1HP=0.75kW=2,500kcal/h

113,994kcal/h

2.500kcal/h =45.5908 HP=34kW (16)

U AHUS & 2H9 &9& ofgly AdnNe =z A4kt 13kWolt.

QAP 198m?/min < 230mmAgq

15007 « 1500 0.7 1.2=17.3HP=13kw an

HP=
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Q : 9 4337 =F(m®/min)
=
|

oYzt aFe ot 21822 A4FeH 593.720/minc] ™ HZeo] &F&
otef o 4(19) .= ALHed 4.5kWeltt.

. 3,024kcal/h < 1.25 . 3,780 :

g OZ2=gk) - - 7 - .
Ge(USRTE B L5) = = AR [{/min] 60> (10—36) 17 751/min
= 37.77(USRT) x 15.75!/min = 593.72(/min (18)

Qm?/min(Fr3F) X Hm (¥4 ) x ykzgf/m3 (B2 v]=%F)
102kgfm/sec(k W) x 60min X H >~ G &

Lkw(ﬁ\_}}_%iﬂ,): X o] &

_ 0.594>30><1,000
102<60<0.78

X1.2=45kW 19

wahA 9] Ao g WEr] ¢+=7], AHU W =¥ 1gln $=7]) ¥z
Hxo By &9 34kW+13kW+4.5kW=52kW o] T},

5

5 FX14H]

F8 FRENEA 600kWE e EAEY 2e2ErF Mgl 1o, Adu]el 20)
& 3Ui7F AAH ek mule) ofE 5 At HAl Akt AHoke] rhs st
S22 SAYA AN 2HLS A g3hgoh
6) F 28 54 A A54NF

6-1) T T8 d-soldA : 693,837kcal/h, 229.44USRT, 840kW
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Table 3.10 Required refrigeration energy
Division Freezing calory USRT kW
Fish refrigerator 494 ,688kcal/h 163.59USRT 705kKW
Meat refrigerator 71,398kcal/h 23.61USRT 66kW
Vegetable refrigerator 13,758kcal/h 4 55USRT 17kW
Air conditioner 113,994kcal/h 37.7USRT 52KkW
Total 693,837kcal/h 229.44USRT 840kW

6-2) F 28%Y (FH 71 : 2,040 kW

Table 3.11 Required electric power

Division in DP mode in alongside
DPS 1,260kW OkW
Aux. machinery 1,000kW 1,000kW
Lighting, control system & etc 200kW 200kW
Refrigeration system 840kW 840kW
Total 3,300kW 2,040kW

6-3) = ABARFEF (FF 713 : 12,095 FE/Y, 15,7243 9/

7] BAAEAREZFS A9 E = Light oil(¥]50.85)7]+F 210g/kWh= A

2,040kW x 210g/kWh = 428.37kg/h = 10,280.91kg/day = 12,095.19 ¢/day
1,30091/2 Bl x 12,0952 /< = 15,723,743/ = 471,712 /9
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Enthalpy change J/g inlet temp -1407C
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665 v

660 A

655 /
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outlet temp

Fig 3.17 Enthalpy change graph for various outlet temp. at inlet temp of -140C

Enthalpy change J/g inlet tmep -145C
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Fig 3.18 Enthalpy change graph for various outlet temp. at inlet temp of -145C
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Enthalpy change J/g inlet temp -150C
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B85 ’/’
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Fig 3.19 Enthalpy change graph for various outlet temp. at inlet temp of -150C
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Fig 3.20 Enthalpy change graph for various outlet temp. at inlet temp of -155C
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Fig 3.21 Enthalpy change graph for various outlet temp.

at inlet temp of -160C
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Fig 3.22 Enthalpy change 3D graph between in and outlet temp.
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2-2) o4& 7Fsd WA 4

Agty] Wsheke] gro] AXte AL ARSI’ WEAUAIZE golites Aot
ebA] 7HEE G A= X AT s}
Aol He ol gdte] ol§ Thsd WAoUAE A4t ofe4 3} 2or] welE
= YEE RDE #7/8HH T H3ke 0.000284343451= T 3kakA|5=0] ),

0¥‘«

5 E=0,000284343451 X 7} 8- 3 D14 %)
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Fig 3.23 RT change graph on outlet temp. from -140C
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Inlet temp: -145°C
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Fig 3.24 RT change graph on outlet temp. from -145T
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Fig 3.25 RT change graph on outlet temp. from -150C
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Fig 3.27 RT change graph on outlet temp. from -160C
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Fig 3.28 RT change 3D graph between in and outlet temp.
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Fig. 3.31 Refrigeration system using LNG cold energy model 1
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Fig 3.32 Enthalpy change from inlet -150C to outlet 5.0C
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Fig. 3.33 Fish refrigeration system using cold LNG model 1
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Fig. 3.34 Refrigeration system using LNG cold energy model 1
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Fig. 3.37 Refrigeration system using LNG cold energy model 2
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Fig. 3.38 Fish refrigeration system using cold LNG model 2
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Fig. 3.40 Refrigeration system using LNG cold energy model 2

HHS /Y5 A28 Fig. 3.409] Euh7|204 YTF2% 60T Y deg=
gRRlo] ST 2% -HTE U2 B-5 sIEEH 2] ofF Bl sfhd<s of

- 71,398 kcal/h
789kg/m> < 0.5kcal/kg’c < 25°¢

- GH;OH W 4C: 0.5kcal/kgC

= 7.24m3/h =120 I/min (33)

- GH,OH ¥ %g: 0.789

- GH,0H B %: 789kg/m’

3-2) BERIEE Y
3barZ 120 liter/mine] Be}elS EFF3}
AFEbE 0.91kW7 fth

rr

Hx &S ofefo] 2BHoE A

_96_

Collection @ kmou



3/ in (O-2k 2 o] ok A] Zak
min X Hm (= 2] Xkg,/m’ (& H]&
Lyl ey = QUMM <A BA ) ”ﬁfg-o ? oina
102kgfm/sec(k W) X 60min X 38 X &5

_ 0.1230>1000
102><60>0.78

X1.2=0.91kW (34)

3-3) LNG €=t

86.5 =
Inlet temp. -95.3°C

B6.O /--"‘:
i

i
- 855 / : | :
—_ i 1 I i
aQ i ! i ! |
o 85.0 . | . : : |
@ gas " ! : : I : ;
| | | i |
> 840 % l ! | ! | I

o= i : + T
a ol RN /7%
B 835 ! I ; ! I : !
= ! i ' i i | | i |
m ' i | i i | ! i ] i
w 83.0 ; : : i : ; i ! :

i
e i } ! | | g ! i ! i
-59 -589 -58.8 -58.7 -58.6 -585 -58.4 -583 -58.2 -58.1 -58
Cutlettemp.

Fig. 3.41 Enthalpy change on inlet temp. -95.3C to outlet -58.6C
3,528kg/he] -95.3C LNGE dndr|2¢] TFste dsFdsdae & 2
8 YEaHiA 71,398kcal/hE AEsta vjEEH = LNGY &&5& F3t7] sl
obe] A(35)o.% AALSY 84.72)jgo|w Fig. 3419 gyl W1z ol §
3 ol sPsE ETLEE -58.6C | sFH

A ZFkeal/h

Ely S = =
LNGAS WS g = g Qlg/h < JZcal

_ 71,398 kcal/ h
3,528 kg/h < 0.2388459 cal/ J

=84.72J/g (35)

_97_

Collection @ kmou



4) o I3
4-1) Bl

ZIA| 2H

=8F

Yegetable refrigerator
(13,758 kcal /h)

4T 4C
180 m =3 180 m 2
e

- e

v

=
-

h 4

-51.3TC

-45T 20 Ymin _O__

> Heat
Exchanger 3

Ethyl Alcohol K

Brine Pump 3

oAyl 2~’lQl Fig. 3.429 &

glolo] ZTeE 5CE Lhe B9

35

2l(36) .2 A4rstH 391/mino] ).

O/ = 2 8 AFkeal/h

-58.6C

£y

LNG Tank
-1627C

=

LNG Pump

8.85bar
l 137 Ifmin

953C 1/ 150C
Fig. 3.42 Vegetable refrigerator using LNG cold energy model 2

= =2 O
U kg/m? < 1] De

13,758 kcal/h

keal/kg’c X Atc

= . = 2.32m’/h = 38.75 [/min
789kg/m? X< 0.5kcal/kg’c X 15°%¢

- GH;OH W] ¥4C: 0.5kcal/kgC
- GH,OH W Zg: 0.789

- GH,OH B%: 789kg/m’

4-2) Be]l

SERS

Collection @ kmou

_98_

(36)



3bar® 39//mine BeelS FFstE HE f8S olyle 237w ALs
™ (0.29kW7} @t}

o

Liy(&8e9)=

Qm’/min (F) X Hm(E71FEA) X ykg,/m’ (&2 W 5%F)
102kgfm/sec(k W) X 60min < 3 3%

~0.039<30 1000
T 102X60x<0.78

x1.2=029kW (37

4-3) LNG 9493}

3,551.93kg/e] -58.6C LNGEZ “w3r|3e] ZF3ste] okxfzd WA
% do Yoz 16,778kcal/hs A2aty WEHE LNGY £=2 F3}7
S8l obg) 2(38) 0= ﬂ]AL—s}uﬂ 19.55J/gol ™ Fig. 3.43¢] <lgty] wWslag=zs
o] &3tH o] 3FslE EFEE 51.3C A HFEL

l_‘

i

_

1’75

Inlettemp. -58.6°C

7.0 -

16.5 """”‘FT/

16.0 — /2

155 fﬁ/"”—‘r—,ﬂ
i

15.0 m—
145

Enthalpy Change J/g

i
i
i
14.0 i
i
]

135 : L L

-52 -519 -518 -51.7 -516 -515 -514 -513 -51.2 -511 -51

Outlettemp.

Fig. 3.43 Enthalpy change on inlet temp. -58.6°C to outlet -51.3C
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Fig. 3.44 Air conditioning system using LNG cold energy model 2
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Fig. 3.45 Enthalpy change on inlet temp. -51.3C to outlet 5.1C
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Vegotabl fri ¢ 5T 0.80ar Acc. Air conditioner
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IS i | ¥o | aw

180m? 180 m? Q

ﬁ ﬁ 345C 18T 1320 m?

8|l

Heat Exchanger 2
127,752 keal/h

-40°C 3 bar 108 lfmin

Brine Pump 2 1

-58.6T

Meat rofri § 25T 25T 25T
At [EILBerator | e m? 162m? 162m*

(71,398 kcal/h) ﬁ ﬁ ﬁ F'y

i a2 7

> Warm up
| )] o @)

Fish quick refrigerator

(494,688 kcal/h) 47T
60T -60T -60C -60C -60T
270 m? 270m? 270m? 270m? 270 m?
; -58.6T BT
Fuel NG

Heat Exchanger 1

566,086 kcal/h

LNG Tank

o

3.35 A &A2" =4 3

| | ¥

-130T 3 bar 2521/min

Gas Fueled
Generator Engine

Brine Pump 1

-150T 8.85bar
137 |/min

Fig. 3.46 Refrigeration system using LNG cold energy model 3
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Wy Addy 2@ Aadunt F 693,837kcal/he] WES Hs) a3 LNGE 2
2= A4ralw 3,528kg/holth
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823.329(J/g) %< 0.2388459 (cal/ J)
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8.85barZ 137.1l/min2] LNGE JFg3dl= HEZ &3S oo 243z A
ksl 2.5kWr7F Ho)

Qm’/min (%) X Hm(E71E 478 ) X ykg,/m® (&2 W1 5%)

© L x o] 4§
102kgfm/sec(k W) < 60min < B L& & e

Lyl n0%e)=

_ 0.13788.5 1000
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Fig. 3.47 Enthalpy change on inlet temp. -150°C to outlet -58.6C
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L. T ‘
i - Y
Meat s 4 '_’- J-'_ N §
refrigerator - ; -35C
A >
/ \
i - ¥ -58.6'C 8.85bar
|| 566,086 kcal/h -47°C I|
494,688 keal/h |
|
\ -60TC
\ /
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. T 2. A ” Heat
Be ! “—— Exchanger 1
B —_—
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Brine PI.IrI'IpI '15Bt 3.35bar
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Fig. 3.48 LNG and brine circulation of refrigeration system model 3

LNG #=4 Hxz=2 EZH 3,528 kg/h -150C ¢ %42 LNG+ Fig. 3.48%
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494,688 kcal/h oy 7

 789kg/mP X 0.5kcal/kg’c X 15.1mP/h
- GH,OH ¥ ¥C: 0.5kcal/kgC

- CH,0H ®%g: 0.789
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E ETLEE 35C 0T},

71,428kcal/h

= = 12% (48)
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- GH,OH ¥lZg: 0.789
- GH,0OH A %: 789kg/m’
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Fig. 3.50 Enthalpy change on inlet temp. =58.6°C to outlet 5C

Fig. 3.519] INGHZANAAH du7]1oA 12 WAANHUAE AFst
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=151.59.J/g (49)
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10T

Accommodation AHU | \
| " =
5T 0.8bar to Power plant
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e e
) 13,758 aT o o
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/ _ Heat Exchanger 2
3 i 127,752 kcal/h

Brine Pump 2
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Fig. 3.51 LNG circulation of vegetable refrigerator and AHU
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113,994 kcal/ h

= 5 : 5= 44.6% (53)
789kg/m? < 0.5kcal/kg’c X 6.48m”>/h
- GH;OH W 4C: 0.5kcal/kgC
- GH,OH ¥lZg: 0.789
- GH,OH B%: 789kg/m’
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Fig. 3.52 Vegetable and AHU system using LNG cold energy
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Fig. 3.53 Refrigeration system using LNG cold energy model 4
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R G = - =

Heat Exchanger 1
494,688 kcal/h
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-150C 8.85bhar
137 I/min
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Fig. 3.54 LNG and brine circulation of quick freezing system
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Fig. 3.55 Enthalpy change on inlet temp. -150C to outlet -95.3C
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Fig. 3.56 Enthalpy change on inlet temp. -95.3C to outlet 5C
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Fig. 3.57 LNG and brine circulation of H.T refrigeration system
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Fig. 3.58 Brine circulation of refrigeration system
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Fig. 3.59 Brine circulation of vegetable refrigeration system
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Fig. 3.60 Brine circulation of Accommodation air conditioning system
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Table 3.139 A4 AR Q] 7}p1rAR

Fe st

24,190kWell g5 = =¥ oltt.

Table 3.12 Energy calorific value conversion standard
Divisi E Unit Total calorific value Net calorific value
ivision | Energy souce Nt T keal |1 0~%t0e | MJ | keal | 10~ *toe
LNG kg | 54.6 | 13,040 | 1.304 | 49.3 | 11,780 | 1.178
Gas(3) | City gas (NG) | Nm® | 43.6 | 10,430 | 1.043 | 39.4 | 9,420 | 0.942
City gas (PG) | Nm? | 62.8 | 15,000 | 1.500 | 57.7 | 13,780 | 1.378
Source : Enforcement regulations of energy law
Table 3.13 SFOC and Heat Rate to ISO conditions
MCR 100% 85%
SFOCU) 182.0g/kWh3) 177.0g/kWh3)
Heat rate?) 7,190kJ/kWh3) 7,200kJ/KWh3)
SFOC 182g/kWh 177g/kWh
Specific lube oil consumption 0.4g/kWh
Engine type specific reference charge air temperature before cylinder 43C

U Liquid fuel operation

2 Gas operation (including pilot fuel), gas fuel: methane no.>80

3) Electric propulsion

Table 3.14 Comparison table of power with gas consumption

Bore: 510mm, Stroke: 600mm
MCR 100% 85%
6L51/60DF 6,300k W 5,355kW
7L51/60DF 7,350k W 6,248kW
SFOC 182g/kWh 177g/kWh
Heat rate 7190kJ/kWh 7200kJ/KWh

o] &A= Table 3.152] Man Diesel Engine?] %718 4 Stroke DF

ARRF o oJstH 6L51/60DF 2ol 6,300kWA R 4tE HX|slte] &1 4
Sl §Folth
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Fig. 3.61 Arrangement of engine room 1% floor
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Fig. 3.62 Arrangement of engine room 2" floor
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Fig. 3.63 Arrangement of pump room
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exchanger to Fish refrigerator
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Fig. 3.64 LNG supply system
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Fig. 3.66 Temperature control system
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Fig. 3.67 System model 1 and 2
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Fig. 3.68 System model 3 and 4
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Fig. 3.69 Arrangement of upper deck & engine room
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Fig. 3.71 LNG mass by cooling power in meat refrigerator(40 to -25C)
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Fig. 3.73 LNG mass by cooling power in Accommodation (40 to +18C)
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Table 3.15 LNG consumption in different outside temp.

Collection @ kmou

o | pimen. | Fipgrosm [ Vel o [ Vegehs T A0 | o
e kcal/h 494,688 71,398 13,758 113,994 693,837
m3/h 6.192 0.893 0.172 1.427 8.684
35 kcal/h 492,697 70,569 13,472 4,912 671,651
m?/h 6.167 0.883 0.169 1.173 8.403
20 kcal/h 490,706 69,741 13,186 75,831 649,464
m3/h 6.1419 0.8729 0.165 0.9491 8.1289
950 kcal/h 488,715 68,912 12,900 56,750 627,277
m?/h 6.117 0.863 0.161 0.710 7.851
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3.8.2 LNG WA 28] 9 A4du]&
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Table 3.16 LNG consumption and expense

Low calorific value 11,820kcal/kg 1BTU 1.252kcal
LNG/kg 46,901BTU lkcal 3.968BTU
Quantity of LNG 2,540,381kg/m Price 5USD/MMBTU
Total price 595,732USD/m | Total price | 682,113,000Kwon/mon
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- d Jg =Y 28 A% (704/KkWh= 24h)
- 22,990kW x 24hrs x 30days x 704/kWh = 1,158,696 ¢ /¥

39 & A9 Aztgof

Table 3.17 Summary of results

Total required calories 693,837 kcal/h
Total required LNG 2,540 ton/month
Power generation by LNG 24,190 kwh
Electric consumption at alongside 1,200 kWh
Excess power 22,990 kWh
Sale of surplus electricity 1,011,961 USD/mon
Cost of LNG 595,732 USD/mon
Electricity sales net profit 416,230 USD/mon
Frozen warehouse sales revenue Unkown
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