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Abstract : Country—specific emission factors should be developed and used instead of IPCC defaults
to improve national GHG inventories to Tier 2 and above. Since the country—specific emission factors
depend on the type of energy source, energy process, and time trend, identifying the value of each
energy source is an important part of building an accurate inventory. In this study, calorific value and
carbon emission factor for petroleum energy sources on the basis of calorific value conversion
standard for energy source, which are notified in Korea, are collected by 2013 and 2016, and calorific
value, carbon content and carbon emission factor And a comparative analysis was conducted. In
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addition, net calorific values and carbon emission factors calculated for each petroleum based energy
source are compared with those shown in 2006 IPCC Guideline.

Keywords . Calorific value conversion standard, Net calorific value, Carbon emission factor, IPCC

Guideline, Carbon content
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Table 1. Description of the samples analyzed in this study
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Type Number of sampling targets Number of sample
. Regular 5 20
Motor gasoline Premium 3 7
Naphtha 7 28
Industrial soiric NO.1 7 28
ndustrial spiri NO.2 1 16
Kerosene 5 20
Jet Kerosene 5 19
. Automotive 5 20
Diesel fuel Marine 5 20
0.3 % 5 16
. 0.5 % 3 9
Heavy fuel oil L0 % 3 7
4.0 % 4 15
Asphalt(AP-5) 4 14
Lubricating base oil 3 12
_ .1 | Kerosene type 1 4
By—product fuel oil Fuel ofl type 6 %

Table 2. Test method and equipment criteria for analyzing the petroleum products

. . Test Instrument
Property Unit Analysis Method (Company)
Density kg/m3 KS M ISO 12185 (DMASD00
SLFA-2800
Sulfur content wt% KS M ISO 8754 (Horiba)
Water content wt% KS M ISO 12937 M(IE%;\/%ZO
Calorific value MJ/kg KS M 2057 (oo 6900
: FLASH 2000
Element analysis wt% ASTM D 5291 (Thermo Finnigam)
2.2, AMaud 2.3, WEEF U CO, HIEAS MY
S A5 AL o W walEAE  AgAEe] Weld 23e KS M 2057 AHd
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7} gEu BAurgs AUl Table 20] UERH @ Z4S AgAE 2 B0 54 v U
Ak [5161171[8]1[9] AL FEFS 245t TZAPEEHEe ASTM D
52919 w2t = om, Ago] it
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Table 3. Quality specification comparison of automotive gasoline between 2012 and 2016

Items 2012 . 2016 .
Regular Premium Regular Premium
Octane Number (RON) 91 ~ 94 94 91 ~ 94 94
Distillation (C) 10 (vol%) 70 70
50 (vol%) 125 125
90 (vol%) 170 170
End Point 225 225
Residue (vol%) 2.0 2.0
Water & Sediment (vol%) 0.01 0.01
Copper strip corrosion (50°C, 3h) 1 1
44 ~ 82 44 ~ 82

Vapor Pressure (37.8C, kPa)

(summer 44 ~ 65(44 ~ 60),
winter 44 ~ 96)

(summer 44 ~ 60,
winter 44 ~ 96)

Oxidation Stability (min) 480 480
Washed existent gum (mg/100ml) 5 5
Sulfur content (mass mg/kg) 10 10
Color (recognizable color) yellow \ green yellow | green
Lead Content (g/L) 0.013 0.013
Phosphorus Content (g/L) 0.0013 0.0013
Aromatics Content (vol%) 24(21) 22(19)
Benzene Content (vol%) 0.7 0.7
Olefin Content (vol%) 16(19) 16(19)
Oxygen Content (wt%) 2.3 2.3
Methanol Content (wt%) 0.1 0.1
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Table 3. Quality specification comparison of diesel between 2012 and 2016
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Items - 2012 . - 2016 .
Automobile Marine Automobile Marine
Pour point (C) 0.0 0.0 0.0 0.0
(-17.5) (-12.5) (-17.5) (-12.5)
Flash point (C) 40 40
Kinematic viscosity (40C, 1.9 ~ 55 1.5 ~ 6.0 1.9 ~ 5.5 1.5 ~ 6.0
mm?2/s)
Distillation (90 vol%, C) 360 360 -
Carbon residue in 10 %
residual oil (wt%) 0.15 0.20 0.15 0.20
Water & sediment (vol%) 0.02 0.02
Sulfur content (mg/kg) 10 1.0(wt%) 10 0.05(wt%)
Ash (wt%) 0.02 0.01 0.02 0.01
Centane number 52 40 52 40
Copper strip corrosion 1
(100°C, 3h)
CFPP (C) -18 - -18 -
Lubricity @ 60°C(HFRR B _
WSD, um) 400 400
Density @ 15C (kg/m3) 815 ~ 835 - 815 ~ 835 -
Polycyclic aromatic content
5 - 5 -
(Wt%)
Aromatic compound 30 B 30 B
content (wt%)
Fatty acid methyl ester 9~ 5 3 9~ 5 3
content (wt%)
Color (recognizable color) - Red

Density(kg/m?3)
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Fig. 1. Density comparison of petroleum energy between 2013 and 2016.
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Table 4. Sulfur content comparison of petroleum energy between 2013 and 2016
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Energy Type Sulfur content(wt%)
2013 2016
Regular Motor gasoline 0.0004 0.0005
Premium Motor gasoline 0.0004 0.0004
Naphtha 0.0222 0.0367
Industrial spirit(NO.1) 0.0003 0.0002
Industrial spirit(NO.2) 0.0002 0.0002
Kerosene 0.0003 0.0008
Jet Kerosene 0.1285 0.1784
Automotive diesel fuel 0.0004 0.0005
Marine diesel fuel 0.0335 0.0296
Heavy fuel 0il(0.3 %) 0.2583 0.2693
Heavy fuel 0il(0.5 %) 0.3901 0.3945
Heavy fuel oil(1.0 %) 0.9039 0.5904
Heavy fuel oil(4.0 %) 3.0584 3.2574
Asphalt(AP-5) 5.2011 5.3804
Lubricating base oil 0.0006 0.0006
By-product fuel oil 0.0383 0.0290
(Kerosene type)
By=product fuel oil 0.0082 0.0099
(Fuel oil type)
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Table 5. Comparison of net calorific value, carbon content, carbon emission factor in petroleum

energy between 2013 and 2016

2013 2016

Net Carbon Net Carbon

Energy Type calorific ~ Carbon  emission calorific ~ Carbon  emission

value (Wt%) factor value (Wt%) factor

(T]/Gg) (keg/G]) (T]/Gg) (kg/GJ)

Regular Motor gasoline 43,03 83.30 19.36 42.74 83.64 19.57
Premium Motor gasoline 42.61 83.73 19.65 42.34 83.80 19.79
Naphtha 4421 84.35 19.08 44.10 84.06 19.06
Industrial spirit(NO.1) 44.37 84.31 19.00 44.02 84.14 19.12
Industrial spirit(NO.2) 43.85 85.30 19.45 43.65 85.07 19.49
Kerosene 43,04 85.81 19.94 43.04 85.26 19.81
Jet Kerosene 42.83 85.76 20.02 42.69 84.38 19.77
Automotive diesel fuel 42.68 85.72 20.08 42.74 84.03 19.66
Marine diesel fuel 42.73 86.34 20.21 42.50 85.90 20.21
Heavy fuel 0il(0.3 %) 41.85 86.86 20.76 41.62 87.66 21.06
Heavy fuel 0il(0.5 %) 41.88 86.85 20.74 41.35 89.21 21.58
Heavy fuel 0il(1.0 %) 40.85 87.44 21.41 40.94 88.67 21.66
Heavy fuel 0il(4.0 %) 40.03 85.76 21.42 40.10 85.84 21.41
Asphalt(AP-5) 39.38 84.40 21.43 38.98 84.09 21.57
Lubricating base oil 43.36 85.78 19.78 43,14 85.90 19.92
?g;’)";ﬁ;‘cﬁyg‘;l oil 42.85 85.94  20.06 4240 8651 20.41
By=product fuel oil 4115 8939 2173 4078 8917 2187

(Fuel oil type)
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Table 6.

specification and the real measurement in 2013, 2016

Journal of Oil & Applied Science

Comparison of net calorific value in petroleum energy between the domestic legal

Net calorific value (T]J/Gg)

Value Value
Energy Type applied applied Difference Actual Actua.l Difference
from from %) value In  value in %)
2007 to 2012 to ’ 2013 2016 ’
2011 2016
Regular Motor gasoline 43.74 42.75 -2.3 43,03 42.774 -0.7
Naphtha 45.63 43.87 -4.0 4421 44.10 -0.2
Industrial spirit(NO.1) 44.57 44.86 +0.7 4437 44.02 -0.8
Kerosene 43.01 43.01 0 43.04 43.04 0
Jet Kerosene 43.19 42.94 -0.6 42.83 42.69 -0.3
Automotive diesel fuel 42.94 42.81 -0.3 42.68 42.74 +0.1
Heavy fuel oil
(Bunker C) 39.60 39.70 +0.3 40.03 40.10 +0.2
Asphalt(AP-5) 39.10 37.00 =5.7 39.38 38.98 -1.0
Lubricating base oil 42.49 43.43 +2.2 43.36 43,14 -0.5
By-product fuel oil 4291 4205 220 4285 4240  -11
(Kerosene type)
By-product fuel ol 4190 4027 40 4115 4078 09

(Fuel oil type)

Value applied from 2007 to 2011

Actual value in 2013

Value applied from 2012 to 2016

Actual value in 2016

Jet kerosene  Automotive diesel  Heavy fuel

fuel oil(Bunker C)

Asphalt(AP-5)  Lubricating base By-product fuel ~By-product fuel
oil oil(Kerosene  oil(Fuel oil type)
type)

Fig. 2. Comparison of net calorific value in petroleum energy.
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Table 7. Comparison of carbon emission factor in petroleum energy between the domestic legal
specification and the real measurement in 2013, 2016

Carbon emission factor (kg/G]J)
Value Value

Energy Type a? plied applied Difference Actua.l Actugl Difference
rom from %) value in  value in %)
2007 to 2012 to 2013 2016

2011 2016
Regular Motor gasoline 19.7 20.0 0.02 19.4 19.6 0.01
Naphtha 18.6 19.2 0.03 19.1 19.1 0.00
Industrial spirit(NO.1) 19.4 19.3 -0.01 19.0 19.1 0.01
Kerosene 19.5 19.6 0.01 19.9 19.8 -0.01
Jet Kerosene 19.6 19.8 0.01 20.0 19.8 -0.01
Automotive diesel fuel 20.0 20.2 0.01 20.1 19.7 -0.02
Heavy fuel oil
(Bunker C) 20.8 20.6 0.01 20.8 21.1 0.01
Asphalt(AP-5) 21.5 20.6 0.00 21.4 21.6 0.01
Lubricating base oil 19.7 19.9 0.01 19.8 19.9 0.01
By-product fuel oil 19.7 - 20.1 20.4 0.02
(Kerosene type)
By-product fuel oil - 21.0 - 217 21.9 0.01
(Fuel oil type)

=o Value applied from 2007 to 2011 Value applied from 2012 to 2016
Actual value in 2013 Actual value in 2016

Carbon emission factor(kg/GJ)

Regular motor Naphtha Industiral Kerosene Jetkerosene ~Automotive diesel ~ Heavyfuel ~ Asphalt(AP-5) Lubricating base By-product fuel By-product fuel
gasoline Spirit(NO.1) fuel oil(Bunker C) ol oil(Kerosene oil(Fuel oil type)
tunal

Fig. 3. Comparison of carbon emission factor in petroleum energy.
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Fig. 4. Comparison of net calorific value in petroleum energy between real measurement

value and 2006 IPCC G/L.

23.0
Value applied from 2007 to 2011
220
210
20.0

19.0

18.0

Carbon emission factor(kg/GJ)

17.0

16.0
Regular motor Naphtha Industiral Kerosene

gasoline spirit(NO.1)

Value applied from 2012 to 2016

Jetkerosene

Actual value in 2013 Actual value in 2016 2006 IPCC

Automotive
diesel fuel

Heavy fuel Asphalt(AP-5)  Lubricating base By-product fuel By-product fuel
oil(Bunker C) oil oil(Kerosene  oil(Fuel oil type)
type)

Fig. 5. Comparison of carbon emission factor in petroleum energy between real
measurement value and 2006 IPCC G/L.

- 1055 -



Vol. 34, No. 4 (2017)

2HIEASE B2 BagEfoz <l F whan)
ZA5E JIRE Aor Kt uwehA, EA4d
= A HuE fdl 7IEF AgARETE

9 FHete] vlwrt o AHst Aoz e

B Ao AL 2007dRE 2016@717] 53
Az DAE S AR oy dE I
At71E3F 201349, 20169 =ujollA A4k A4
Al AR HEF, Sy, dauEAso]
A=7k 2006 IPCC G/LS] 7|¥gt Ste] ws)
Hw BEAS AAstL)

T 2

LW AA UAY BHe A5AE
HEINLGO] FFE Y HUrE F 0
7 9 ee 2R A

2. 20079EE 2016W712] 59 wolo] =
oL FgFgat 7oA TAH =Y
a5F 9 gamjEAes thAdez & |
shglo] gAs grez AAEen, 2013
I 2016¥9 AEH 2AZME & Xolg
Holz] oIkt

3. 200795E 2016@7kA] = oux| ¢
Aty &, 2013W3} 2016 A= &
T o gaulEAee 24 2006
IPCC G/L9] 7]2gkato] Hlw-gAoflA] o i
Bo| oux]¢de] 2006 IPCC G/Lo| 7]Ezk
2 ek sket WY #e dEhiley
+27)Hot S/ FAAARRIE oA =l

e ghe ekl

2 A= Sl A" oA dE et
71E A olvzdel #4%E, 20068 1PCC
G/Le] v S &% =7 {9
vAdE &TaEy gadEAeY AEe 9
o AmR F87HssHH, A714Q] A5 dolHE
ol dm 54 WelE RUEIste] AAE% &
aEEAS] A 7] HESH Aol "ad

Zoltt.

=

S A7 oA ge] 9 @ SaujEAS s}

Bl

4 a7 1

References

. W. G. Lim, J. W. Doe, H. K. Kang, J. H.
Ha and S. S. Lee, “Development of
Calorific Values and Carbon Emission
Factors for Petroleum Energy in Korea
from 2012 to 2013”7, Journal of Korean
Society  for Atmospheric  Environment,
Vol.30, No.4 pp. 301-310, (2014).

. W. G. Lim, J. W. Doe, H. K. Kang, J. H.
Ha and S. S. Lee, “CO2 Emission
Characteristics of Bunker C Fuel Oil by
Sulfur  Contents”, Journal of Korean
Society  for  Atmospheric  Environment,
Vol.31, No.4 pp. 368-377, (2015).

. National Greenhouse Gas Inventory Report
of Korea, Greenhouse Gas Inventory &
Research Center of Korea, (2011).

. S. D. Kim, S. H. Na, “Calculation Method
of the Emission of Green Hous Gas”, 7he
Magazine of the IFEK, Vol.35, No.11 pp.
67-73, (2010).

. T. H. Kim, S. 1. Lee, Y. L. Kim, J. H.
Rho, “Comparison Study of Generated
Greenhouse Gas(GHG) Amount Estimation
from Road Transportation”, /. of Korean
Soc. Civ. Eng., Vol.58, No.9 pp. 67-73,
(2010).

. H. K. Kang, J. W. Doe, J. H. Ha and B.
K. Na, “A Study on Property and CO2
Emission Factor of Domestic
Transportation Fuel”, Journal of Energy
Engineering, Vol.23, No.3 pp. 72-81,
(2014).

. H. S. Eggleston, L. Buendia, K. Miwa, T.
Ngara, and K. Tanabe, 2006 IPCC
Guidelines for National Greenhouse Gas
Inventories, Vol.1-2, IGES, (2006).

. S. J. Kim, J. W. Lee, S. H. Lee, J. H. Sa,
B. S. Choi and E. C. Jeon, “Development
of Classification Method for Anthracite
and CO2 Emission Factor to Improve the
Quality of National GHG Inventory”,
Climate Change Research, Vol.4, No.l pp.
27-39, (2013).

- 1056 -



10.

11.

12.

KS M ISO 12185, “Crude petroleum and
petroleum products - Determination of

density - oscillating U-tube method”,
Korean Standards  Association, Korea,
(2013).

KS M ISO 8754, Petroleum products -
Determination of sulfur content - Energy

dispersive  X-ray fluorescence method,
Korean Standards  Association, Korea,
(2016).

KS M ISO 12937, Crude petroleum and
petroleum products - Determination of
water — Coulometric Karl Fischer titration
method, Korean Standards Association,
Korea, (2013).

KS M 2057, Crude petroleum and
petroleum products - Determination and

estimation of heat of combustion, Korean
Standards Association, Korea, (2016).

- 1057 -

13.

14.

15.

Journal of Oil & Applied Science

ASTM D 5291, Standard test methods for
instrumental  determination of  carbon,
hydrogen, and nitrogen in petroleum
products and lubricants, American Society
for Testing and Materials, US, (2016).

H. K. Kang, J. W. Doe, W. G. Lim, I. H.
Hwang, J. H. Ha and B. K. Na, “The
analysis of Change on Property and CO2
Emission Factor of Domestic
Transportation Fuel from 2012 to 20137,
Journal of Korean Oil Chemists’ Society,
Vol.33, No.4 pp. 853-861, (2016).
Petroleum and Petroleum Substitute Fuel
Business Act, Korea, (2015).



