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Abstract — Raman analyzer is an analytical technique that utilizes the “Raman effect”, which occurs when light is
scattered by the inherent vibrations of molecules. It is used for molecular identification and composition analysis. In the
natural gas industry, it is widely used in bunkering and tank lorry fields in addition to LNG export and import terminals.
In this study, a LNG-specific Raman analyzer was installed and operated under actual field conditions to analyze the
composition and principal properties (calorific value, reference density, etc.) of LNG. The measured LNG composition
and calorific value were compared with those obtained by conventional gas chromatograph that are currently in
operation and validated. The test results showed that the Raman analyzer provided rapid and stable measurements of
LNG composition and calorific value. When comparing the calorific value, which serves as the basis for LNG
transactions, with the results from conventional gas chromatograph, the Raman analyzer met the acceptable error
criteria. Furthermore, the measurement results obtained in this study satisfied the accuracy criteria of relevant
international standards (ASTM D7940-14) and demonstrated similar outcomes compared to large-scale international
demonstration cases.
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Fig. 1. Various LNG value chains from upstream to downstream.
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Fig. 2. Typical installation and actual field installation of Raman analyzer.

Table 1. ABB On-line gas chromatograph specification

Function Contents
Detector TCD (Thermal Conductivity Detector)
Columns 3 Micro Packed Columns
Composition CH, ~ C¢H,,+, N,, CO,
Analysis time 5 minute analysis standard
Auto-calibration period 24 hour standard
Analysis method standard ISO 6974
Properties calculation standard ISO 6976
Physical properties Components, calorific value, relative density, compressibility, etc.
Calorific value unit MJ/Nm?, kecal/Nm?

Table 2. Examples of results analyzed from Raman analyzer and on-line gas chromatograph

(a) Analysis result from Raman analyzer

Methane  Ethane  Propane  Isobutane  Butane Isopentane Pentane  Nitrogen Vol HV ~ Wobbe Index  Signal
(mole%)  (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (MJ/m?) (MJ/m?) Strength

21.02.27 0:11  92.8809 5.4334 1.1116 0.2043 0.2543 0.0000 0.0023 0.1132 42.5446 54.9496 55.857
21.02.270:21  92.8927 5.4220 1.1091 0.2012 0.2525 0.0002 0.0016 0.1208 42.5315 54.9388 55.967
21.02.270:32  92.8914 54173 1.1075 0.2018 0.2535 0.0000 0.0013 0.1272 42.5275 54.9334 56.030
21.02.27 0:42  92.8605 5.4439 1.1132 0.2016 0.2532 0.0000 0.0058 0.1218 42.5460 54.9461 56.024
21.02.270:53  92.9210 5.4041 1.1031 0.1997 0.2507 0.0000 0.0016 0.1197 42.5198 54.9328 56.046
21.02.27 1:03  92.8870 5.4277 1.1084 0.2037 0.2524 0.0000 0.0040 0.1167 42.5394 54.9450 56.082
21.02.27 1:13  92.8747 5.4327 1.1098 0.2025 0.2537 0.0000 0.0041 0.1224 42.5396 54.9424 56.070
21.02.27 1:23  92.8906 5.4205 1.1082 0.2034 0.2512 0.0000 0.0039 0.1223 42.5332 54.9389 56.070
21.02.27 1:34  92.8300 5.4492 1.1161 0.2072 0.2532 0.0000 0.0058 0.1385 42.5476 54.9388 56.019
21.02.27 1:45  92.8934 5.4188 1.1120 0.2035 0.2527 0.0000 0.0017 0.1180 42.5356 54.9423 55.855
Average 92.8822 5.4270 1.1099 0.2029 0.2527 0.0000 0.0032 0.1221 42.5365 54.9408 -
(b) Analysis result from On-line gas chromatograph (ABB)

Date/Time

Date/Time Cl C2 C3 1C4 NC4 IC5 NC5 N2 Superior 3CV Superior VZobbe UnNormalized
(mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (MJ/m”) MJ/m?) Total (mole%)
21.2.28 21:00:17 94.3989  4.0539 1.0213  0.1714 02386  0.0078  0.0032  0.1049 42.0481 54.6747 99.9552
21.2.28 21:05:34  94.4020  4.0517 1.0207  0.1713  0.2389  0.0077  0.0031 0.1047 42.0469 54.6742 100.0042
21.2.28 21:10:51 94.4017  4.0526 1.0207  0.1712  0.2385  0.0076  0.0030  0.1047 42.0466 54.6740 99.9863
21.2.28 21:16:08 94.4002  4.0530 1.0211 0.1715  0.2387  0.0076  0.0031 0.1048 42.0475 54.6745 99.9561
21.2.2821:21:25 94.4014  4.0522 1.0210  0.1711 0.2385  0.0076  0.0033  0.1049 42.0468 54.6740 99.9739
21.2.2821:26:42 94.3999  4.0535 1.0211 0.1714  0.2383  0.0077  0.0032  0.1048 42.0475 54.6745 99.9695
21.2.28 21:31:59 94.3995  4.0537 1.0211 0.1714  0.2387  0.0077  0.0030  0.1049 42.0476 54.6744 99.9695
21.2.28 21:37:16 94.4025  4.0517 1.0207  0.1714 02385  0.0077  0.0031 0.1044 42.0468 54.6743 100.0131
21.2.28 21:42:33 94.4017  4.0525 1.0208  0.1712 02386  0.0077  0.0033  0.1043 42.0474 54.6746 99.9899
21.2.28 21:47:50 94.4019  4.0519 1.0207  0.1713 02386  0.0077  0.0031 0.1046 42.0470 54.6742 99.9948
Average 944010  4.0527 1.0209  0.1713 02386  0.0077  0.0031 0.1047 42.0472 54.6743 -
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Fig. 4. Calorific value comparison (Raman vs GC).
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Table 3. Repeatability data for the Raman analyzer against ASTM D7940-14 performance limits
Test Date CH, C,H, C;H, i-C,H,, n-CH,, i-CH;, n-CsHp, N, GHV_v GHV_v

(mole%)  (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (MI/Nm®)  mv(%)
2021/02/11 0.031 0.024 0.005 0.003 0.002 0.005 0.002 0.012 0.012 0.029
2021/02/12 0.027 0.023 0.005 0.003 0.002 0.006 0.003 0.011 0.012 0.028
2021/02/14 0.030 0.025 0.005 0.003 0.003 0.005 0.003 0.012 0.012 0.029
2021/02/20 0.025 0.020 0.004 0.003 0.002 0.005 0.002 0.009 0.010 0.025
2021/02/27 0.021 0.016 0.005 0.002 0.002 0.000 0.002 0.007 0.010 0.024
2021/02/28 0.030 0.021 0.006 0.002 0.002 0.001 0.002 0.006 0.013 0.030
2021/03/01 0.023 0.016 0.005 0.002 0.003 0.001 0.002 0.007 0.010 0.024
2021/03/07 0.022 0.017 0.003 0.001 0.002 0.000 0.001 0.004 0.009 0.020
2021/03/08 0.027 0.020 0.005 0.002 0.002 0.001 0.001 0.006 0.011 0.025
2021/03/09 0.016 0.014 0.004 0.002 0.001 0.000 0.001 0.008 0.007 0.018
2021/03/10 0.022 0.015 0.005 0.003 0.002 0.002 0.002 0.009 0.010 0.023
2021/03/11 0.027 0.020 0.006 0.003 0.002 0.002 0.002 0.010 0.011 0.026
2021/03/13 0.024 0.016 0.005 0.003 0.002 0.003 0.002 0.012 0.010 0.022
2021/03/18 0.030 0.018 0.008 0.003 0.003 0.002 0.002 0.007 0.015 0.035
2021/03/19 0.021 0.014 0.005 0.002 0.002 0.001 0.002 0.005 0.010 0.022
2021/03/20 0.024 0.016 0.006 0.002 0.002 0.001 0.002 0.006 0.011 0.025
2021/03/21 0.016 0.015 0.003 0.002 0.002 0.000 0.001 0.005 0.006 0.015
2021/03/23 0.018 0.011 0.005 0.001 0.002 0.000 0.001 0.005 0.008 0.018

Mean" 93.106 5.202 1.102 0.229 0.227 0.001 0.002 0.132 42.460 -
Repeatability Mean™ 0.024 0.018 0.005 0.002 0.002 0.002 0.002 0.008 0.010  0.0247
Repeatability Standard™* 0.03 0.03 0.03 0.01 0.01 0.006 0.006 0.01 - 0.05

*The mean properties (composition of natural gas and volumetric heating value) of all measurement dates
**The mean repeatability (standard deviation) of all measurement dates
***The repeatability criteria specified by ASTM D7940-14
The relative standard deviation (RSD, %) = The repeatability (standard deviation) of volumetric heating value (GHV_v) divided by the mean volumetric
heating value

Table 4. Repeatability data for the GC against GIIGNL performance limits

sk

Test Date CH, C,H, CH, i-CH, nCH, i-CH, nCH,, N, GHV_v GHV_v GHV_m GHV_m
(mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (mole%) (MI/Nm’) mv(%) Mlkg) mv(%)

2021/02/13 0.0076  0.0036  0.0032  0.0010  0.0011  0.0001  0.0001 0.0004 0.0046 0.0110  0.0007  0.0012
2021/02/14 0.0113  0.0037  0.0053  0.0016 0.0015 0.0001  0.0001  0.0002 0.0069 0.0163 0.0014  0.0025
2021/02/15 0.0049  0.0040  0.0023  0.0009  0.0009  0.0004  0.0008 0.0008 0.0030 0.0071  0.0008  0.0015
2021/02/16 0.0088  0.0057  0.0028  0.0008  0.0012  0.0006 0.0008 0.0020 0.0032  0.0077  0.0025  0.0045
2021/02/24 0.1318  0.0558  0.0524  0.0086 0.0139  0.0011  0.0004 0.0038 0.0671  0.1570  0.0163  0.0297
2021/02/25 0.1515  0.0340  0.0884  0.0155 0.0218  0.0006 0.0002 0.0029  0.0954 02229 0.0181  0.0330
2021/02/26 0.0716  0.0290  0.0292  0.0050  0.0075  0.0002 0.0001 0.0012 0.0375 0.0876 0.0082  0.0149
2021/03/13 0.0016  0.0031  0.0007 0.0006 0.0004 0.0001 0.0001 0.0007 0.0006 0.0014 0.0008 0.0014
2021/03/14 0.0115  0.0044  0.0029 0.0016 0.0012  0.0003 0.0001 0.0015 0.0052 0.0121  0.0025  0.0046
2021/03/15 0.0124  0.0045  0.0044 0.0015 0.0016  0.0003 0.0001 0.0013 0.0062 0.0147 0.0025  0.0045
2021/03/16 0.0126  0.0070  0.0031  0.0009  0.0011  0.0003 0.0002 0.0009 0.0055 0.0129  0.0019  0.0034
2021/03/17 0.0099  0.0041  0.0041  0.0006 0.0012  0.0002 0.0001 0.0008 0.0049 0.0114 0.0018  0.0032
2021/03/18 0.0128  0.0074  0.0043  0.0004 0.0012  0.0002 0.0001 0.0003 0.0060 0.0140  0.0014  0.0026
2021/03/19 0.0064  0.0043  0.0016 0.0002 0.0005 0.0001 0.0001 0.0002 0.0027 0.0063 0.0007 0.0012
2021/03/21 0.0110  0.0061  0.0038  0.0005 0.0011  0.0004 0.0005 0.0007 0.0052 0.0123  0.0014  0.0026
2021/03/22 0.0081  0.0057  0.0017  0.0003  0.0007 0.0002 0.0002 0.0005 0.0029 0.0069  0.0011  0.0020
2021/03/23 0.0103  0.0118  0.0023  0.0009 0.0004 0.0001 0.0001 0.0016 0.0014 0.0032 0.0016  0.0030
2021/03/24 0.0118  0.0124  0.0017  0.0006  0.0003  0.0001  0.0001 0.0014 0.0021  0.0049 0.0017  0.0031
2021/03/25 0.0036  0.0039  0.0014  0.0004 0.0004 0.0001 0.0001 0.0006 0.0014 0.0032 0.0006 0.0010
2021/03/28 0.0092  0.0056  0.0014 0.0013  0.0008 0.0002 0.0002 0.0005 0.0040 0.0094 0.0013  0.0023

Mean" 92.7733 54525  1.1281 02059 02492  0.0110  0.0035 0.1765 42.5507 - 54.8278 -

Repeatability Mean™  0.0254  0.0108  0.0109  0.0022  0.0029  0.0003  0.0002  0.0011  0.0133  0.0311  0.0034  0.0061""
Uncertainty Standard™ - - - - - - - - - - - 0.04

*The mean properties (composition of natural gas and volumetric/mass heating value) of all measurement dates
“*The mean repeatability (standard deviation) of all measurement dates
“The standard uncertainty criteria (k=1) specified by GIIGNL Custody Transfer Handbook

sk

The relative standard uncertainty (%) = The repeatability (standard deviation) of mass heating value (GHV_m) divided by the mean mass heating value
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Table 5. Verification result of Raman analyzer (KOGAS & Shell)

wg7) - ol5% - 48

[}

KOGAS (2021.2.27) SHELL (2020.6.5) ASTM D7940-14
Date/Time AVG StDev RSD AVG StDev RSD StDev limit k=2
Signal Strength 55.8669 50.7740
Methane(mole%) 93.0609 0.0212 0.0228 93.3684 0.0181 0.0194 0.03 0.06
Ethane(mole%) 5.2723 0.0162 0.3071 6.2592 0.0187 0.2987 0.03 0.06
Propane(mole%) 1.0978 0.0050 0.4544 0.0489 0.0010 2.1265 0.03 0.06
Isobutane(mole%) 0.2009 0.0016 0.8017 0.0024 0.0008 33.607 0.01 0.02
Butane(mole%) 0.2505 0.0016 0.6369 0.0000 0.0000 0.0000 0.01 0.02
Isopentane(mole%) 0.0001 0.0004 519.433 0.0000 0.0000 0.0000 0.006 0.012
Pentane(mole%) 0.0031 0.0019 59.816 0.0002 0.0003 148.959 0.006 0.012
Nitrogen(mole%o) 0.1145 0.0068 5.9124 0.3140 0.0045 1.4241 0.01 0.02
Wobbe Index(MJ/m®) 54.9143 0.0078 0.0142 50.5485 0.0053 0.0104 RSD
Vol GHV(MJ/m?) 42.4816 0.0103 0.0243 38.7815 0.0062 0.0159 0.025% 0.05%
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