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Abstract — The low caloric LNG, which didn't meet the gas interchangeability of Korea, has been imported from 2005
winter season. Amount of this LNG imports has been increased from year to year. In the near future, very low caloric
LNG (calorific value < 9,500 kcal/Nm?®) such as CBM, Shale LNG will be imported large amounts. For this reason, we
need a method for monitoring live calorific values(CV) of LNG in each storage tank to supply gasified LNG with inter-
changeable CV at LNG receiving terminal. This study was conducted to develope the method for measuring the live
CVs of LNG in each storage tank using LNG densitometer. For this purpose, the accurate correlation between CV and
density of LNG was derived and the uncertainty of this method was evaluated and also the measuring system for CVs
was constructed at LNG receiving terminal. To verify this method, the results of measurement using this method were
compared with the field data of LNG analysis and the results showed that the deviations were 0.17~0.47%.
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Table 1. Regression data for correlating between calorific value and density of LNG
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Compostions

Components

LNG A LNGB LNGC LNGD LNGE LNGF LNG G

CH, 99.79 97.175 93.49 90.512 89.98 88.227 87.060

C,Hy 0.07 2.400 5.08 6.054 6.04 7.125 8.400

C;Hg 0.01 0.255 1.16 2.384 2.54 2.848 3.480

i-C,H,, - 0.031 0.08 0.489 0.54 0.762 0.420

n-C,H,, - 0.072 0.11 0.516 0.58 0.757 0.540

i-CsH, - 0.051 0.01 0.017 0.02 0.036 0.020

n-CsH,, - - 0.01 0.006 - 0.006 0.010

N, 0.13 0.016 0.06 0.022 0.30 0.239 0.070
Density (kg/m’) 421.098 430.192 442.909 457.282 459.525 466.483 468.404
Heating Value (kcal/Nm®) 9517.44 9767.90 10096.37 10520.70 10539.20 10759.26 10835.25
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Table 2. The error of eq. (1) for regression and with fixed N, LD(Tg) =LD(T,)x[1+a; (Tz—=T,)] 3)

Regression error Error(%) of eq. (1) with fixed N,

NG ofeq. (1) (%)  N,=0.0 (mol %) N,=0.15 (mol %) N,=0.30 (mol %)
A -0.00 0.18 -0.03 -0.24
B -0.02 0.01 -0.20 -0.41
C 0.06 0.14 -0.06 -0.26
D -0.06 -0.03 -0.22 -0.41
E 0.04 0.42 023 0.04
F -0.01 0.29 0.10 -0.09
G 0.03 0.12 -0.06 -0.25

FZ 0.15 mol%= skith.

H, = 8464.34—20.1413 - LD(T,) +0.053 866 1-LD*(T,)
~134.488 N, (1)
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Table 3. LNG(l) density coefficient :
-160 °C and —157 °C

temperature range between

LNG(l) density  LNG(I) density

Kind of LNG " 760 ¢ at—157°C o (°C)
A 421.098 416,567 Z0.003626
B 430.192 425751 ~0.003477
C 442,909 438.566 ~0.003301
D 457282 453.053 ~0.003111
E 459.525 455291 ~0.003100
F 466.483 462.323 ~0.002999
G 468.404 464.274 ~0.002965
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Table 4. The uncertainty of measurement in calibration of LTD's calorific value

Uncertainty components related to calibrate Hy; 7, Re?:gﬁ;i??glty gi:sé a%: glrs(izabzigl Ulzf/oe)r’taél)l v &iﬁiﬁﬁ?g; (]I:rt? e[f)tin@%e/lrczd)
Uncertainty of PRM composition for calibration GC 0.16 2 normal 0.1 0.008
Uncertainty of GC analysis for LNG samples 0.16 2 normal 1.0 0.080
Uncertainty of density eq. of ISO 6578 1.25 2 normal 0.1 0.063
Regression error of eq.(1) 1 1.732 square 0.06 0.035
Accuracy of LTD including precision 1.25 2 normal 0.1 0.063
Standard uncertainty for Err - 1 normal - 0.125
Expanded uncertainty for Err - 2 normal - 0.25

Korean Chem. Eng. Res., Vol. 49, No. 1, February, 2011



AT TN

1 LTD

LNG storage tank

pcs

Monitoring computer

Fig. 1. Schematic of the measuring system for the live calorific val-
ues of LNG in each storage tank.

Fig. 2. Display of the live calorific values of LNG in each storage
tank.
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Table 5. LTD scan data: density and temperature of LNG with level
Tank A Tank C
Level (m) Temp. (°C)  Density (kg/m?) Level (m) Temp. (°C) Density (kg/m?) Level (m) Temp. (°C)  Density (kg/m’)
0.380 -157.9 456.6 0.380 -158.0 455.6 0.370 -157.1 449.0
1.000 -157.9 456.6 1.000 -158.0 455.6 1.000 -157.3 449.0
2.000 -157.9 456.6 2.000 -158.0 455.6 2.000 -157.3 448.8
3.000 -157.9 456.6 3.000 -158.0 455.6 3.000 -157.4 440.1
24.000 -158.0 456.7 27.000 -158.1 4554 18.000 -158.6 4383
25.000 -158.0 456.7 28.000 -158.1 4554 19.000 -158.6 4383
25.640 -158.1 456.7 28.340 -158.1 4553 19.740 -158.6 4383
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Table 6. Raw data of LNG measured to verify the accuracy of this

study
Components Composition (mol%)
Test @ Test @
CH, 90.700 91.235
C,Hq4 5.810 5.530
C;Hg 2.243 2.015
i-C4H,, 0.490 0.550
n-C,H,, 0.577 0.495
i-CsH, 0.023 0.025
n-CsH,, 0.010 0.005
N, 0.147 0.145
TD LD(T,,) (kg/m®) 456.8 4538
T, (°C) —158.7 —-158.8

Table 7. Comparison of the density and calorific values between this
study and LNG sampling/analysis method

Item Test Test
1SO 6578 456.83 454.77
%&I{% This study 458.62 455.48
Dev.(kg/m?) 1.79 0.71
. 1SO 6976 10487.05 10428.71
CH‘ﬂ‘(’li‘Cf:l: /Kf;;‘i‘)’ This study 10536.74 1044538
Dev.(%) 047 0.16
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(1) LNG(l) & ¥ AAweo) Hds 710 Akl s &3t
é}w]:ﬂ 37 9aH= 0.06% YEE ul$- Zo} LNG(l) WEER
gk o9 FelelA =& = S & 5 ATk

(2) LTDE 2=k iml A4 FE HSP 0T QIs AThal ] H
) QA= 0.46%0 1 AAETE 0.15 mol%® & 7% 0.23%E 7+
22 F9l5S E J%}%E}

(3) 99 LxoA SAY LNG() 9ES -160°C 7507 st
= Fedh ] ok UGS EEE 0 931= 0.01%
4“—?014

4) 2% F4947 LTDE o83 LNG W= S7dwe] #H4
é—zht& 0.36%42 & 4= SI3iTh
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SARY REAE B
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ARB7|=

Hy, : Volumetric real gas superior calorific value[kcal/m’]
(conversion factor of kcal to kJ is 4.1868) Reference
condition for volume is 0 °C, 1.01325 bar and reference
temperature for combustion is 15 °C

LD(Ty) : Liquid phase density of LNG at reference temperature T

[°Cl

LD(T,,) : Liquid phase density of LNG at temperature T,,[°C]

Tr : Reference temperature for liquid phase density of LNG.
Here —160 °C

T, 1 A temperature of LNG in storage tank at which liquid
phase density of LNG is measured[°C]

T : A temperature between —157 and —160 °C

N, : Mole concentration of nitrogen in LNG[mol%]
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