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Abstract - Intergovernmental Panel on Climate Change(IPCC) suggested the three methodology, Tier 1/2/3,
considering with the accuracy and difficulty of greenhouse gas emission statistics according to the report
determined as the international criterion. In Korea, the existing inventory building was made by the Top-down
approach applying with the emission factors for transportation in the entire energy consumption, the emission
factors were investigated under the domestic traffic situation which did not reflect by the continuing increase
of vehicle and the change of road section. From the suggestion of IPCC, which it is estimated that the emission
estimation of CO, in greenhouse gas emission could be calculated more accurate by the carbon content according
to the fuel, the establishment of measures to respond to climate change from the latest greenhouse gas emissions
statistics will be able to improve the accuracy of national statistics using monthly or seasonally the analysis

of carbon content about the transportation fuels.
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Table 1. Final energy consumption in Korea

(Source : Ministry of Trade, Industry and Energy, Yearbook of Energy Statistics) (&4 : 1,000 toe)
Sector 1990 1995 2000 2005 2006 2007 2008
Industry 36,150 62,946 83,912 94,366 97,235 104,327 106,458
Households-Services 21,971 29,451 32,370 36,861 35,986 37,916 36,225
Transportation 14,173 27,148 30,945 35,559 36,527 37,068 35,793
Railways 391 463 512 505 474 441 424
Road 11,205 21,218 23,554 28,144 28,588 29,195 28,532
Marine 1,669 3,618 4,705 4,092 4,437 4,235 3,762
Aviation 908 1,849 2,174 2,819 3,028 3,197 3,074
Others 2,812 2,416 2,625 4,068 3,836 4,144 4,100
Total 75,107 121,962 149,852 170,854 173,584 181,455 182,576
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Table 2. Greenhouse gas emissions in Korea (1990~2006)
(Source : Ministry of Trade, Industry and Energy)

Sector 1990 1995 2000 2005 2006
Energy 247.7 372.1 438.5 498.5 505.4
Transformation 38 83.2 125.9 171.1 179.6
Industry 87.6 133.5 153.1 156.9 158.3
Transportation 42.4 77.2 87.1 98.1 99.8
Households*Services 67.2 70.4 64 61.6 57.2
Others 7 4.7 4 4.9 4.3
Fugitive emission 5.4 3.2 4.4 5.9 6.2
Industrial Processes 19.9 47.1 58.3 64.8 63.7
Agriculture 13.5 0 17.0 16.1 15.1
Land-Use and Forestry -23.7 -21.2 -37.2 -32 -31.2
Waste 17.0 17.2 17.2 14.9 154

Total Emissions 298.1 453.2 531.0 594 .4 599.5
Net Emissions 274.4 431.9 493.8 562.4 568.4
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Fig. 2. Density meter
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Fig. 3. Sulfur content analysis instrument  Fig. 4. Calorific value instrument

Fig. 6. Element analysis instrument

Table 3. Test method and instrument

Property | Unit Analysis Test Instrument
Method (Company)

. 5 | KS M ISO DMA 4500
Density | kg/m 12185 (Anton Paar)
Sulfur W% KS M ISO SLFA-2800
content 8754 (Horiba)
Water KS M ISO MKC-520

wt%
content 12937 (KEM)
Calorific Keal/L KS M 6400 Calorimeter
Value 2057 (Paar)
Element Wi% ASTM D FLASH 2000
analysis 5291 (Thermo Finnigam)
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Fig. 7. Results of density in domestic transportation fuels (A, B, C, D : Oil Company)
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Table 4. Results of density in LPG

2~
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& dmel B4 9 Co, wEAT AT

Density (kg/m’) . 3
Month A B C D E 7 Mean Density (kg/m’)
2 560.29 568.00 558.14 560.50 563.08 561.30 561.92
4 574.20 581.50 573.41 577.90 572.11 576.20 575.89
6 580.66 578.00 580.65 578.00 577.16 576.60 578.51
8 581.33 580.00 577.45 578.10 578.44 577.20 578.75
10 562.26 578.70 561.82 578.90 560.52 577.50 569.95
12 558.60 559.80 562.89 558.70 560.06 560.20 560.04
Table 5. Results of sulfur content in domestic transportation fuels
. Sulfur contents (wt%) Mean contents of Sulfur
Kinds of Fuel
A B C D (wt%)
Unleaded Gasoline 0.0003 0.0004 0.0004 0.0004 0.0004
Diesel — Auto mobile 0.0004 0.0005 0.0005 0.0005 0.0005
Diesel - Boat 0.0255 0.0472 0.0262 0.0353 0.0336
JET A -1 0.0659 0.1671 0.1594 0.1921 0.1461
JP - 8 0.0057 0.1469 0.0044 0.0061 0.0408
Bunker A - 0.2165 0.2638 0.2075 0.2293
Bunker C 3.3996 3.3205 3.0931 2.8320 3.1613
Table 6. Results of sulfur content in LPG
Sulfur contents (wt%) Mean Contents of
Month
A B C D E F Sulfur (%)
2 0.000178 | 0.000767 | 0.001102 | 0.000141 | 0.000332 | 0.000700 0.000537
4 0.000034 | 0.000500 | 0.000728 | 0.000094 | 0.000172 | 0.000100 0.000271
6 0.000010 | 0.007100 | 0.000828 | 0.000099 | 0.000155 | 0.000200 0.001399
8 0.000030 | 0.000236 | 0.000863 | 0.000061 | 0.000265 | 0.000483 0.000323
10 0.001760 | 0.000012 | 0.001416 | 0.000007 | 0.000674 | 0.001048 0.000556
12 0.000600 | 0.000099 | 0.000500 | 0.000296 | 0.001200 | 0.000847 0.000590
5 Unleaded Gasoline Diesel - Auto mobile —_ Diesel - Boat;
i 44 = 44 %’ 44
e . g la
2 x % = ™ - vl3 )4 ]
i . x 2 % 4 . Wl ® i B3 g e 2 v s ¥ 5 B¢
5 M M § M
0 a 6 s 10 12 0= 2 6 s 10 12 0= 2 6 s 10 12
45 45 Month
= JETA-1] [JP -8
§
Tl g 'y 4 — A cvH
] v r'Y » - 8 T { e s i : H A @B v
!.E 42 u 42
§ 4 4
“ a 6 8 10 12 B a 6 s 10 12
= |Bunker A| [Bunker C| =
: 2
g 43 42 E}
$ g o B o £
I - T T3 ML L S S k-
0= ] 6 8 10 12 R a [ 8 10 12 UG DA DBJETA-1JP-8 BA BC
Month Month Kinds of Fuel
Fig. 8. Results of net calorific value in domestic transportation fuels (A, B, C, D : Oil company)
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Table 7. Results of net calorific value in LPG

Net Calorific Value (MJ/kg) Mean Value
Month

A B C D E F MJ/kg)
2 45.7981 45.7018 45.8106 45.7897 45.7562 45.7897 45.7744
4 45.6935 45.5889 45.7018 45.6474 45.6893 45.6391 45.6600
6 45.6642 45.6642 45.6684 45.6558 45.6516 45.6391 45.6572
8 45.6516 45.6182 45.6516 45.6600 45.6600 45.6516 45.6488
10 45.7981 45.5930 45.7939 45.6558 45.7981 45.6474 45.7144
12 45.8022 45.7939 45.7939 45.8064 45.7981 45.8148 45.8016

Table 8. Results of net calorific value in LPG

Net Calorific Value (MJ/kg) Mean

Month Value
E F

¢ MJ/kg)

5 49.3377 | 49.4172 | 47.3252 48.6934

8 49.3210 | 49.4340 | 49.3126 49.3559

11 49.3461 | 49.4005 | 49.4340 49.3935

0.8272, ABFE 7 0.8441, AFH 0.8906, Co-
0.9861, FEFJET A-1) 0.7929, Z-&-F(JP-8)
0.8023, A7k~ 0.5708 (kg/L)E SAE Ik
AR %)l 75, B 0.00037, RS A
0.00048, A4FE- 7 0.03356, AS 0.22929, C%
 3.16128, SF-F(UET A-1) 0.14414, &-3IP-8)
0.04093, N8}418-712 0.000613% ZA Yk

4.12 ) ek 24
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AFEAE 7 4235, AERE AR 4248, AS
= 41.54, CoHE 39.92, FE-FUIET-1): 42.64, T
FF(IP-8) 42.53, A [7t= 4571, A7k~
= 49.15 (MJ/kg)= A=EHAE Fig. 9.5 =l 5
& A= g wt%)s dERleH, $d+=

83.27, AFsahg 7= 85.86, AUkE 7= 86.69,
AT 8745 CTHE 8627, FF-RHUIET-DHE
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1o

42 A7) Co, HiIEAS A7}
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CO, MEAITS s
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= 71,500 kg/T], ek 42.71 Ml/kg= 44
tt.

ot

20

422 52 A

Table 102 478 ARl 2FsARE el thigh CO,
ARt S dRRe LR Sloft) HE CoMiE
475 74,341 kg/TI, HGRE 42.35 MI/kg= AFH]
Ak

423 g 7

Table 11> 471 B-fAke] Aug- 7ol thigh CO,
iE Aol S UERd Btk HE Co, Hi
EAE 74,827 kg/Tl, 8D 42.48 MI/kg=

T==2 0w
A AT

Table 9. Results of CO, emission factor of unleaded gasoline according to oil company

Oil company
Item A B C ) Mean Value
CO; emission factor (kg/TJ) 71,311 71,439 72,207 71,040 71,500
Net calorific value (MJ/kg) 42.6 42.9 423 43.0 42.71
Table 10. Results of CO, emission factor of Diesel-auto mobile according to oil company
Oil company
Item A B C ) Mean Value
CO; emission factor (kg/TJ) 74,265 74,362 74,520 74,221 74,341
Net calorific value (MJ/kg) 42.4 42.3 42.3 42.4 42.35
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Fig. 9. Results of carbon contents in domestic transportation fuels (A, B, C, D : Oil company)

Table 11. Results of CO, emission factor of Diesel-boat according to oil company

Oil company
Item A B C D Mean Value
CO, emission factor (kg/TJ) 74,849 74,696 74,745 75,018 74,828
Net calorific value (MJ/kg) 425 42.7 425 422 42.48

Table 12. Results of CO, emission factor of JET A-1 according to oil company

Oil company

Item A B C D Mean Value
CO; emission factor (kg/TJ) 73,958 73,803 73,921 74,028 73,927
Net calorific value (MJ/kg) 42.6 42.7 42.7 42.6 42.64
42.4 FHIET-Al) 426 A Fr

Table 12 47 Al JET-A1 5ol dist
CO, wEATe SHd=s yepd Zlolth HE
CO, WIEAISE 73,927 kg/Tl, 2dake 42.64
MJ/kg= 2= St

4.2.5 &&(IP-8)

Table 13> 47l A-AFe] JP-8 &3-frel gt CO,
HiEAlel S-S Uebd Zloltk HE CO, vl
EA19= 73,937 kg/T), A2 42.54 MI/kg=

a2 0w

Table 14+ 471 A1) A SH<ll th3k CO, BiEAl
T} FHARS veRd Zlolth HF: Co, WIEAGTT
77,201 kg/TJ, <052 41.54 Ml/kg= APEATE

427 C S

Table 15% 47 AFAF] 5ol digh Co, vi&E
Aot g eS e slelth HF o, MiEA
I 79,238 kg/T), UL 39.92 MIkg= 2H4
ATk

Journal of Energy Engineering, Vol. 23, No. 3 (2014)



Table 13. Results of CO, emission factor of JP-8 according to oil company
Oil company
Item Y B C D Mean Value
CO; emission factor (kg/TJ) 73,741 73,703 74,431 73,875 73,937
Net calorific value (MJ/kg) 42.7 42.5 42.4 42.5 42.5
Table 14. Results of CO, emission factor of Bunker A according to oil company
Oil
Item A B - CoTpaly C ) Mean Value
CO; emission factor (kg/TJ) - 77,231 76,088 78,284 77,201
Net calorific value (MJ/kg) - 41.5 41.8 41.3 41.5
Table 15. Results of CO, emission factor of Bunker C according to oil company
Oil company
Item A B C D Mean Value
CO; emission factor (kg/TJ) 78,779 78,823 79,631 79,718 79,238
Net calorific value (MJ/kg) 40.0 40.0 39.8 39.9 39.9
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Fig. 10. Results of carbon contents in domestic transportation fuels (A, B, C, D : Oil company)
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- 71,500, AFsAHE AT 74,341, AREg
7 74,827, AS 77,201, CE 79,238, &
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