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Abstract

Country-specific data for net calorific values and carbon emission factors requires for a higher tier estimate of
greenhouse gas emissions in the energy sector. The objective of this study is to develop country-specific net
calorific values and carbon emission factors for petroleum energy produced in Korea. Calorific values and carbon
contents of the fuels were measured using the oxygen bomb calorimeter method and the CHN elemental analysis
method, respectively. Sulfur and hydrogen contents, which were used to calculate the net calorific value, were also
measured and then net calorific values and carbon emission factors were determined based on the measurement
results. The net calorific values and carbon emission factors determined for the petroleum produced in Korea 2012
and 2013 were compared to those in the 2006 IPCC Guidelines. Most of the values were different compared with
the default values of the 2006 IPCC Guidelines although those were placed within their upper and lower limits.
Time series analysis results showed inconsistent seasonal variation for the net calorific values and carbon emission

factors.
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Table 1. Description of the samples analyzed in this study.

2012

2013

Energy type Num. of sampling

Num. of samples

Num. of sampling Num. of samples

targets targets
Regular motor gasoline 5 20 5 20
Premium motor gasoline 3 12 3 12
Naphtha 7 28 7 27
Industrial spirit (No.1) 7 28 7 27
Industrial spirit (No.2) 4 16 4 15
Kerosene 5 20 5 19
Jet kerosene 5 19 5 19
Automotive diesel fuel 5 20 5 20
Marine diesel fuel 5 20 5 20
Heavy fuel 0il (0.3% S)" 5 16 5 16
Heavy fuel oil (0.5% S)! 3 9 2 8
Heavy fuel o0il (1.0% S)" 3 7 3 7
Heavy fuel oil (4.0% S)" 4 15 5 18
Asphalt (AP-5) 4 14 4 16
lubricating base oil 3 12 3 11
By-product fuel oil (Kerosene type) 1 4 1 4
By-product fuel oil (Fuel oil type) 6 22 6 24

Note 1. The numbers in parentheses refers to the upper sulfur limits in heavy fuel oils. For example, Heavy fuel 0il (0.3% S) contains less than 0.3%

of sulfur in it.
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Table 2. Net calorific values, carbon contents and carbon emission factors of the samples.

2012 2013

Net Carbon Net Carbon

Energy type calorific Carbon emission calorific Carbon emission
value factor value (%) factor

(TJ/Gg) (kg/GJ) (TJ/Gg) (kg/GJ)
Regular motor gasoline 42.72 83.59 19.56 43.03 83.30 19.36
Premium motor gasoline 42.61 84.04 19.72 42.61 83.73 19.65
Naphtha 44.12 84.17 19.08 44.21 84.35 19.08
Industrial spirit (No.1) 43.99 84.33 19.17 44.37 84.31 19.00
Industrial spirit (No.2) 43.57 85.26 19.57 43.85 85.30 19.45
Kerosene 43.12 85.97 19.94 43.04 85.81 19.94
Jet kerosene 43.08 85.88 19.94 42.83 85.76 20.02
Automotive diesel fuel 42.95 86.01 20.02 42.68 85.72 20.08
Marine diesel fuel 42.84 86.51 20.19 42.73 86.34 20.21
Heavy fuel 0il (0.3% S) 41.90 87.55 20.89 41.85 86.86 20.76
Heavy fuel 0il (0.5% S) 42.17 87.49 20.75 41.88 86.85 20.74
Heavy fuel 0il (1.0% S) 41.19 87.89 21.34 40.85 87.44 21.41
Heavy fuel 0il (4.0% S) 40.32 85.96 21.32 40.03 85.76 21.42
Asphalt (AP-5) 39.19 84.44 21.55 39.38 84.40 21.43
lubricating base oil 43.36 86.16 19.87 43.36 85.78 19.78
By-product fuel oil (Kerosene type) 42.99 86.16 20.04 42.85 85.94 20.06
By-product fuel oil (Fuel oil type) 41.13 89.24 21.70 41.15 89.39 21.73
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Table 3. Seasonal variation of gasoline and diesel quality parameters.

A. Gasoline
Regular/Premium motor gasoline
Property

Summer Winter Others
Vapor pressure (37.8°C, kPa) 44~ 65 44~96 44~82
B. Diesel

Automotive diesel fuel Marine diesel fuel
Property

Winter Others Winter Others
Pour point (°C), max -23.0 0.0 —12.5 0.0
CFPP (°C), max -18 -
Cetane number/Cetane index, min 48 52
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Fig. 1. Time series analysis of net calorific values for petroleum energy.

3.3 2006 IPCC X|&zte| ZajH|m
2006 IPCC 2|32 7} o] el =gt b=kt

o
3} 348 AlABka ok 19 3¢ 201243} 20134
Azl W] deizl A iR A =dd 3
2006 IPCC A3 9] 7t} wlawsbe] Jehigich 2
394 Hejz| % 20123} 201339 sbdake
A2 W)= 7he Beo]m,03%C 8, 0.5% C 3
3 £87)6-2 Al 2 2006 IPCC =39
g3} sk W9 W] e Beloh C S 2006

ox Jo & ot alo

=) 7)373 5] A 30 A A4

IPCC A AAlfrel vlwslsisd], 43k eF
A& AHAM 3 F3Fo] wrelAl 0.3% C FF-2 0.5%
CZ8= 1.0% C 289} 4.0% C 28 vls)] 719
Az oi 22 SUGdHFE R AR B a7
o] AFe-= 0.3% C 289 0.5% C 282 "Wx 091
~0.95 g/lem®2, 0.93~0.99 g/em’2] 1.0% C Z§ 2
0.96~0.99 g/cm®?] 4.0% C Z=¢-Hc}t & AsFe 1
At

2006 IPCC A1 A 9] 43/ FI7]F29 o=}

AR ed3 22 HF AFE =PI 4FHE



2012~20139 ) 447 SiAe] D 3 Al EAS A 307

23.00 4
—&— By-product fuel oil (Fuel oil type)

o) —6&—Asphalt (AP-5)

=

o

=

S

s}

&

.5 22.00 A

@

R4

£

7]

[

o

2

©

o

21.00 T T T T T T T ]

2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

22.00
—&—Heavy fuel oil (0.3% S)

o) —6—Heavy fuel oil (0.5% S)
>
<
S
©
R
5 21.00 +
8
£
@
c
<]
2
S
(V]

20.00 T T T T T T T 1

2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

21.00
—&—Jet kerosene

—o—Kerosene
—&—lubricating base oil
—&— Industrial spirit (No.2)

19.00 T T T T T T T d
2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

Carbon emission factor (kg/GJ)

23.00 4
—&—Heavy fuel oil (1.0% S)

5 ——Heavy fuel oil (4.0% S)
E)
<
5
s}
&
E 22.00 A
I
)
£
7
c
o
2
©
9

21.00 T T T T T T T |

2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

21.00 -
—&— Marine diesel fuel

—&—By-product fuel oil (Kerosene type)
Automotive diesel fuel

—9

2000 { 4

Carbon emission factor (kg/GJ)

19.00 T T T T T T T 1
2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

20.50 - , :
—=—Premium motor gasoline

Regular motor gasoline
—&—Industrial spirit (No.1)

19.50 A Y

18.50 T T T T T T T ]
2012 2012 2012 2012 2013 2013 2013 2013
winter spring summer autumn winter spring summer autumn

Carbon emission factor (kg/GJ)

Fig. 2. Time series analysis of carbon emission factors for petroleum energy.
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Table 4. Net calorific values and carbon contents of petroleum energy from different sources.

E Net calorific value (TJ/Gg) Carbon (%)
ner

& 2012 2013 2006 IPCC EU 2012 2013 2006 IPCC EU
Motor gasoline 42.7 43.0 443 43.2 83.6 83.3 83.7 86.5
Diesel fuel 43.0 42.7 43.0 43.1 86.0 85.7 86.9 86.1
Naphtha 44.1 44.2 44.5 43.7 84.2 84.3 89.0 84.9
Heavy fuel oil 40.3 40.0 40.4 40.5 86.0 85.8 85.2 89.0
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