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ABSTRACT

This study analyzed the composition of blast furnace gas (BFG) from a Korean steel company subject to the emissions
trading scheme to develop greenhouse gas emission factors and assess their reliability using the 2006 IPCC uncertainty
assessment methodology. Gas composition was measured with an industrial gas analyzer (MAX300-IG) and expressed as 366
daily averages from January 1 to December 31, 2024. After outliers were removed using the 1.5 x IQR criterion, 295 daily
averages remained, and monthly values were calculated using heat-output-weighted averaging. The carbon content of BFG was
73.2 tC/TJ, and the corresponding CO, emission factor was 267.1 tCO,/TJ. The carbon content was 3.4% higher than the 2006
IPCC default value (70.8 tC/TJ), primarily because the annual mean CO concentration at the target facility (24.5%) exceeded
the IPCC default composition (approximately 22%). It was only 0.4% lower than the country-specific factor (73.5tC/TJ).
Because the country-specific factor is derived from Tier 3 data from Korean integrated steel mills, this close agreement should
not be interpreted as independent validation. Rather, the principal contribution of this study is the public documentation of
facility-level measurements and their uncertainty. Uncertainty was quantified by Monte Carlo simulation (10,000 iterations)
incorporating Pearson correlations among the input variables. The resulting uncertainty was +2.7% at the 95% confidence level
(71.28 ~ 75.30 tC/TJ), well below the IPCC Tier 1 default of +7%. These results are expected to improve the reliability of
greenhouse gas inventories in the steel sector.
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Table 19] “EFH AT

Table 1. Design specifications and fuel type of the
target power generation facility

AoA v EAR B mes ARG 7 BRI o Combustion "
apacity uel type
SaulEAs 9 2ok A4 298 2 seEde Technology
AN, IPCC 71Eg @ F7ag eaEAsel 4 Coke Oven Gas,
ZA 07 H| w3t Algle E3loA 27| ot Z oA 100 MW Gas Boiler B.last Furnac.e Gas,
L Jo et al. (2021)0] TIAAQEIAZ A} B Eha| Linz Donawitz Gas
Sampling Pre-treatment Analysis
Bubbler [+ Tockow yeh Pump -‘
G |- S;fﬁ‘: ‘ » Analyzer
Ls] Cooler | — | Mombere Tlow

Fig. 1. Schematic diagram of the sampling and pretreatment process for BFG analysis
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¥ 24 A= Table 29+
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EAA 71AQ1 N2, AT 47.5%(20.5%)= LFEFETH
7t AERQl COE AW 24.5%(0.5%)Z EA =0
o, 99 23.9%°04 25.1%9] H9E Btk 2471AQ1
COY= AWH 23.5%(20.4%) =, Hye QB 3.9%(+0.3%)
2 Yehgth 1271A0 HurgsRe G v)uk 1% 3
7 840 kcal/Nm’C 2 AMYE|Qlow, 715 HFHAE=
14.3 keal/Nm’ O 2 AP E| Qe ALRQIGFE ol FXE A
A & A27IA] R W HIFE Table 37 L)

Table 2. Monthly average composition and net calorific value of BFG at the target facility in 2024

Net calorific

Month o co: e N 02 value
(vol%) (vol%) (vol%) (vol%) (vol%) (kcal/Nm?)

Jan 24.79 23.48 3.66 47.51 0.01 844

Feb 24.58 23.47 3.61 47.78 0.02 836

Mar 24.78 23.39 3.52 47.73 0.02 840

Apr 24.69 23.26 3.77 47.70 0.03 843

May 24.43 23.60 3.85 47.57 0.01 839

Jun 24.47 23.57 3.89 47.53 0.00 842

Jul 24.08 23.93 4.15 47.30 0.00 834

Aug 24.32 23.99 4.36 46.79 0.01 847

Sep 24.14 23.57 422 47.51 0.02 838

Oct 23.92 23.47 3.92 48.12 0.01 824

Nov 24.58 23.42 3.66 47.78 0.01 837

Dec 25.11 23.05 3.55 47.73 0.01 850

Weighted average 24.51 23.54 3.86 47.54 0.01 840

Weighted standard deviation 0.5 0.4 0.3 0.5 0.0 14.3

Table 3. Descriptive statistics of the daily-average data after outlier removal in 2024 (n = 295)

Net calorific
Statistic o €0 e N 0> value
(vol%) (vol%) (vol%) (vol%) (vol%) (kcal/Nm®)

Mean 24.52 23.51 3.83 47.58 0.01 840
Geometric mean 24.51 23.51 3.82 47.58 0.01 840
Median 24.54 23.51 3.80 47.56 0.01 840
Minimum 23.09 22.27 3.11 46.22 0.00 801
Maximum 25.74 24.59 4.66 49.10 0.04 880

Journal of Climate Change Research 2026, Vol. 17, No. 4



UZTHAO| ERAHIEA|RO} OJM SR HiEAI JHEY H

=S Bt 749

Table 4. Comparison of carbon content and CO; emission factor of BFG with IPCC default values and

country-specific emission factor

. Country-specific
Category This study 1996 1PCC 2006 IPCC o
emission factor
Carbon Content (tC/TJ) 73.2 66.0 70.8 73.5
CO, Emission Factor (tCO,/TJ) 267.1 242.0 259.6 268.2
Difference (carbon Content) +10.9% +3.4% -0.4%

Note: Carbon content values exclude the oxidation factor. CO, emission factors of this study and the country-specific factor apply an oxidation

factor of 0.995 (Korean Tier 3 guideline), whereas IPCC default values assume complete oxidation.
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Table 5. Pearson correlation matrix among input variables used in Monte Carlo simulation (n = 295)

NCV CO CO,
NCV 1.000 0.834 -0.295
CO 0.834 1.000 -0.510
CO, -0.295 -0.510 1.000
10,000 Trials Spit View 9,952 Displayed
Carbon Content Statistic Forecast values
Trials 10,000
004 0 pase Case nn
60 Mezn 733

Median
Mode

7322
320

0.03

Probability
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71.00 T74.00

73.00
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Certainty: |95.00

B 7128
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249 I [Skewness
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200 § Coeff. of Variation
160‘2 Minimum
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4 [B30

Fig. 2. Probability distribution of carbon content for BFG using Monte Carlo simulation
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