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A Study on Establishment of Gas Quality Measurement System for
Responding to Hydrogen Blending in Natural Gas Transmission Pipeline
Network
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Kjlee@kogas.orkr Abstract >> This study investigates the limitations of existing gas quality meas-

urement systems under hydrogen blending in natural gas transmission pipelines.
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poor Hx-N> separation. Among three improvement strategies, full replacement
with analyzers suitable for hydrogen blending was found most effective in terms
of cost, accuracy, and stability. The study also reviews recent developments and
certification cases of commercial analyzers, and proposes follow-up tasks in-
cluding performance validation, uncertainty evaluation, system optimization to
ensure reliable gas quality measurement under hydrogen blending.
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Table 1. The thermal conductivity (k) of gases (25°C, 1 atm)

Gas k Gas k
components (W/m-K) components (W/m-K)
He 0.1513 CO, 0.0168
H, 0.1805 CH,4 0.0340
Air 0.0262 CHg 0.0212
Ar 0.0177 C;Hg 0.0184
N, 0.0259 CsHio 0.0167
0, 0.0263 CsHy, 0.0144
Sample Column 1 Detector Calign'a

l \.@

Restrictor A

Fig. 2. Scheme of the switching valve system for natural gas
analysis. Column 1 retains Ce. components ready for
backflushing. Column 2 separates Cs to Cs hydrocarbons and
column 3 separates N, C4, CO,, C,
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Table 2. Compositions of hydrogen-enriched synthetic test gas
mixtures (unit: mol%)

Components | Mix 1 | Mix2 | Mix3 | Mix4 | Mix 5

H 2.0 5.0 10.0 14.9 19.7
CH,4 90.5 87.7 83.1 78.5 74.2
C,Hs 4.89 4.75 4.50 4.30 3.97
CsHg 1.76 1.70 1.62 1.54 1.44

i-C4Hyo 0.29 0.29 0.27 0.26 0.24
n-C4Hjo 0.29 0.29 0.27 0.26 0.24
i-CsHy, 0.020 | 0.019 | 0.018 | 0.017 | 0.019
n-CsHj, 0.020 | 0.019 | 0.018 | 0.017 | 0.015
n-CeHys 0.099 | 0.099 | 0.090 | 0.089 | 0.080

N, 0.16 0.15 0.14 0.14 0.13

CO; 0.020 | 0.019 | 0.018 | 0.017 | 0.016

Note. Relative expanded uncertainty of all components is 2%
(k=2, confidence level approximately 95%).

(Emerson, St. Louis, MO, USA)o|H A]g 7[A=
Table 22} Zo] Al AA7IA ZAof 2-20 mol%
WSI0) 408 ERHslo] AZT EE T1A SEE A

gstaick
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Fig. 3. Changes in hydrogen and nitrogen peaks in response to
hydrogen blending in natural gas (hydrogen and nitrogen peak
variations as a function of hydrogen content in the natural gas)
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Table 3. Measurement errors of raw component concentrations
in test gas mixtures (unit: %)
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Table 4. Measurement errors of normalized component con-
centrations in test gas mixtures (unit: %)

Components | Mix1 | Mix2 | Mix3 | Mix4 | Mix 5 Components | Mix 1 | Mix2 | Mix3 | Mix4 | Mix 5
H, ND. | ND. | ND. | ND. | ND. H, ND. | ND. | ND. | ND. | ND.
CH,4 -0.1 0.2 0.9 1.7 24 CH,4 1.9 5.1 11.1 17.5 242
C>He 0.0 1.0 0.3 -0.3 0.4 C>He 2.0 6.0 10.4 153 21.9
CsHs -1.4 0.3 -1.5 -0.2 -0.1 CsHs 0.5 5.1 8.4 154 212
i-C4Hio -0.6 -0.5 -1.0 -0.7 -1.0 i-C4Hio 1.5 4.4 9.0 14.9 20.2
n-C4Hjo 0.5 0.1 0.6 0.6 0.8 n-C4Hio 2.5 4.9 10.7 16.2 223
i-CsHj» 0.0 -0.2 -1.5 -0.6 24 i-CsHj» 2.4 5.1 8.8 15.1 18.8
n-CsHj» -1.0 2.7 -1.0 -1.4 1.7 n-CsHj» 1.3 23 9.3 14.2 23.6
n-CeHi4 -1.6 -0.9 -1.0 0.0 0.6 n-CeHy4 0.0 34 8.5 15.0 21.6
N, 63.6 | 101.1 | 45.1 56.1 | 258.8 N, 68.0 | 111.8 | 60.7 81.6 | 338.1
CO, 2.8 -5.7 -3.1 -1.8 23 CO, -0.8 -1.2 6.5 13.5 18.5
Sum 2.0 -4.6 92 | -135 | -17.6 Sum -1.8 4.5 9.0 | -133 | -174

Note. This table presents the measurement errors (as a percentage
difference) of raw component concentrations in test gases
compared to the reference (manufacturing) concentrations.

ol

> BFRLAUNOAK[3tE] =2

r

Note. This table presents the measurement errors (as a percentage
difference) of normalized component concentrations in test
gases, where the total concentration is adjusted to 100%.
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Table 5. GC measurement accuracy for H;NG mixtures: comparison of reference values and analytical results

Test corI:Itzent N, error CS(LIE?' Cal(ol\r/}i;\;;ﬂue CV error IZZE:;:: RD error Con;: ;e 0er o CF error
55| (mol%) O error (%) Ref. GC & Ref. GC e Ref. GC &
Mix 1 2.0 68.0 -1.8 4249 | 43.06 1.3 0.5987 | 0.6100 1.9 0.9972 | 0.9970 | -0.02
Mix 2 5.0 111.8 4.5 41.61 43.09 3.6 0.5828 | 0.6109 4.8 0.9974 | 0.9970 | -0.04
Mix 3 10.0 60.7 -9.0 40.08 | 43.07 7.5 0.5555 | 0.6097 9.7 0.9977 | 0.9970 | -0.07
Mix 4 14.9 81.6 -133 38.60 | 43.08 11.6 | 0.5294 | 0.6101 152 | 0.9980 | 0.9970 | -0.10
Mix 5 19.7 338.1 -17.4 37.08 | 42.88 15.6 | 0.5023 | 0.6100 | 21.4 | 0.9983 | 0.9971 | -0.12

Note. Error values represent the percentage deviation of GC analytical results from the corresponding reference values.
* Ref = reference values calculated from the known composition of each test gas mixture.

» GC = gas chromatography measured values obtained through analytical testing.

» CV = calorific value; RD = relative density; CF = compression factor.

» Comp. sum error = compositional sum error indicating the deviation from 100% total composition.

« Positive error values indicate GC overestimation; negative values indicate GC underestimation.

Effects of Hydrogen Content on Gas Properties
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Fig. 4. Measurement errors in gas properties and nitrogen con-
tent by hydrogen blending ratio. N error (left axis) denotes the
percentage difference between the GC result and the certified
test gas concentration. Property errors (right axis) indicate de-
viations from reference values calculated via ISO 6976 based
on certified gas compositions
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Fig. 5. Comparison of reference and GC-measured gas proper-
ties by hydrogen content
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Table 6. Comparison of system upgrade strategies for gas quality measurement under hydrogen blending conditions

Category

Option 1: Full replacement of gas

Option 2: Retrofit of existing gas

Option 3: Parallel installation of

analyzer analyzer hydrogen-specific analyzer
System Replace with a new analyzer capable |Upgrade analytical channels or Add a hydrogen-specific analyzer
configuration |  of simultaneous NG and H analysis| ~ components of existing analyzer with partial system modification
Operating Single system (1 unit) Single system (1 unit) Dual system (2 units)
equipment
Carrier Gases  |He + Ar (or Ny) He + Ar (or Ny) He + Ar (or Np)
Advantages - Verified performance - Reuses existing system - Minimal changes to existing system
- Rapid commissioning - Faster than replacement - Fast H, monitoring (1 minute)
- Easy operation and maintenance |- Partial upgrades possible - NG system operable alone
Disadvantages |- High initial investment cost - Requires performance verification |- Complex system setup

- Equipment removal needed
- Long lead time before installation

- Inconsistent measurement quality
- Increases maintenance complexity
- Possible monitoring gap

- Requires more space/equipment
- Lower efficiency and
cost-effectiveness
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Table 7. Comparison of process GCs for H,NG applications

Manufac- H, range | Carrier | Cycle
turer Model Type (mol%) gas (min)
700XA GC- He,
Emerson T70XA TCD 0-20 (50) ACN, 5-6
GC-
Emerson | 470XA TCD 0-10 He, Ar 15
PGC 1000 | GC-
ABB (single) | TCD 0-10 (20) | He 6
PGC 1000 | GC-
ABB (dual) TCD 0-100 | He, N, 6
ABB | PGC 5000 G- 0-100 | He, Ar 4
TCD ’
RMG | PGC 9304 G- 0-20 He, Ar | 34
TCD ’
GC-
RMG | RGC 704 TCD 0-20 He, Ar 1
Blster |[EnCa13000| ST | 020 | He,Ar| 5
TCD ’
Valmet GC- He,
(Siemens) Maxum II TCD 0-100 Ar/N, 3

Note. Table reorganized based on technical brochures and direct
communications with manufacturers (2024). Parenthetical
values indicate upgraded or extended configuration options.
Actual specifications may vary depending on specific application
requirements.

©Z2 Standard
100! Upgraded

Analyzer Model

Fig. 6. Hydrogen measurement ranges of process gas ana-
lyzers for H,NG by manufacturer and model
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PGC1000 (ABB, Zurich, Switzerland), PGC9304 (RMG
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(RMG Messtechnik GmbH), EnCal 3000 (Elster GmbH,
Mainz-Kastel, Germany)©] ole] aigrghe ™. A7k
T8 243 oA 4 ZHd 10 mol% E= [ 20
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