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Estimation of Elemental Carbon Emission and Spatial Distribution of Atmospheric Concentration
in Kansai Area

Kouhei Yamamoto, Jun Kuwana, Yuta Mizusawa, and Susumu Tohno
Graduate School of energy Science, Kyoto University
Gokanosho, Uji, Kyoto 611-0011, Japan

In this study emission amount of elemental carbon (EC) was estimated for the assessment of human health impacts in
Kansai area. The emission inventory consists of two parts, one is emission from mobile sources and the other is
stationary sources. Mobile sources were divided in that from roads, which is included not only trunk roads but branchy
roads, and that from ships. Emission from stationary sources was reconstructed from the national emission database of
soot and dusts. This emission inventory was developed mainly by the statistics in 2000. In Kansai area including 6
prefectures (Shiga, Kyoto, Osaka, Hyogo, Nara, and Wakayama), annual amount of EC emission was estimated at
6.62x10° (t). According to the analysis of source contribution, emission intensity in holidays is higher than that in
weekdays. And it was also shown that the emission from roads is occupied 92 % in total EC emission, especially trucks
are the major source of EC emission.

Moreover, with this inventory, some transport simulations in Kansai area by MM5 and CMAQ models were also
conducted episodically in four seasons. Meteorological fields by MMS5 had good performance in the comparisons with
observed data. In summer simulation by CMAQ, comparably good agreement was shown in the comparison with
time-averaged observed data, however, some underestimated points were found. In other seasons calculated values
showed underestimated in the comparison with observed values, because air mass was mainly coming from main land
of China and Korean peninsula. Therefore, future formation of modeling system, such in the determination of domains
and the height of stationary sources, should be refined and other compounds would be included to be a integrated tool
for the assessment of human health impacts.

Keywords : Elemental Carbon (EC), Emission inventory, MMS, CMAQ, Kansai area
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Fig.1 Flow chart of emission estimate from trunk roads
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EF,;, : DEP emission factor (g/km)

a,b,c,d : parameters v : traveling velocity ( km/h)

Table | Parameters in estimate of emission factor of DEP®

Car Bus Small Truck Truck
a 0.0946487 4.5770280 0.1457660 3.9444123
b 0.0078530 0.5180324 0.0338241 0.3567991
c -0.0000887 ~0.0024794 -0.0003943 0.0001622
d 0.0000016 0.0000317 0.0000053 0.0000005
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Table2 Ratio of EC in DEP

Small Car
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Large Car
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Table3  Annual EC emission from trunk road by car type (t)
Car Bus .?ma" Truck Total
ruck

Daytime 068 0.72 0.76 7.80 995

Weekday  Nighttime 026 0.16 0.16 373 431
Sum 0.94 0.88 0.92 11.53 14.26

Daytime 0.79 065 0.34 217 394

Holiday Nighttime 0.27 0.16 0.10 1.59 212
Sum 1.07 0.80 044 3.76 6.06

Annual 354 314 289 3470 4427
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Fig.2  Flow chart of emission estimate from branchy roads
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Table4  Annual emission from branchy road (t)

Car Bus ?rmuz:i Truck Total

Daytime 0.29 0.21 0.56 2.54 3.60

Weekday  Nighttime 0.13 0.05 0.13 1.36 1.67

Sum 042 0.26 0.68 3.90 5.27

Daytime 0.35 0.19 0.25 0.73 1.52

Holiday Nighttime 0.13 0.05 0.08 0.58 0.84

Sum 0.48 0.24 0.33 1.31 2.36

Annual 160 93 216 1178 1646
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Fig.3  Distribution of EC emission from branchy road (g/12h,
weekday, daytime )
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Table 5 Annual fuel consumption in each type of ports (t)

Port type Fuel Consumption (t)
Specially-designated Domestic 502486
port Outward 276887
Domestic 798261
Designated port
Outward 107747
Domestic 617788
Local port
Outward 3911
Total 2307080
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Table6  Annual amount of arrival at the port in Kansai from other
ports in Japan (10°t) "

Japan Kansai Ratio
Specially-designated 1860 494 027 — -
port By
R
Designated port 1441 41 0.03
Local port 733 110 0.15

Fig.4 Distribution of EC emission from stationary sources (g/y)

Table 7 Annual EC emission from ships (t) Table 8 Fraction of EC in the total particulate matter '©

Energy Fuel Type Technology Fec

Type of ports consumed in EC emission(t) Biofuel stoler 0.043
Kansai (t) Biofuel traditional 0.085

Specially— Domestic 133511 140 Briqurttes stoler 0.0025
designated Brown Coal cyclone 0.00102
port Outward 73569 77 Brown Ceoal pulverized 0.00054
Designated Domestic 22918 24 Brown Coal stoler 0.0055
port Hard coal cyclone 0.0009
Outward 3093 3 Hard coal pulverized 0.00054

Domestic 92695 97 Hard coal stoler 0.066

Local port Hard coal traditional brick kiln 0.45
Outward 587 1 Coking coal coke oven 0.168

Total 326372 343 Coking coal coke oven(uncaptured) 0.24

Coke blast furnace 0.0784

Heavy fuel oit all 0.036

e ISR 11 AFEE MAP SISO FIEFET 2150, s ) middle dist. Oil industry/power 0.054
SITV U AR, R FRBREIAE, 3TRA v = o— Fahh middle dist. Oil generator 0.5676

L7 RO CAMERE L Bond ot al. Wiz 1% EC HEH Middle/light dist external .com‘bustzon 0.261

o L - / kerosene residential 0.13

REEHTE NG A= 2R A7 LIZE VG 'O)é’lf_, {s R} LPG residential 0.13

FERID PM AN BC RFAEEES (Fm;) EELDHIEIZED, Natural gas all 0.06
EE R 50 EC HEH AT U7, RERHERMIY Z 2 O Ty, Solid waste all 0.0035
DAt Table 8 175 Solid waste open burning 0.185

Table 8 % 52 L C, BEERARD S OREHER] EC PR AT
B4 D% Table 9 12757 Table 9 THIFREHE & AHESTT
FiV = Bond et al. " o> PMIZRET D HEHHRE EF_PM) 35 LU

Table 9 Annual EC emission by the types of fuels (kg)

EF_PM

b’éﬁzﬁf(teclmologﬂ FHFEORL WA, ZILL Y RREHED i Sisen Fate
A—fuel oil i 1 28878.2 014

ERFCIER 203 (0 DRt R L HERF SR, BT A, =7 B-fual of al 11 2766 0.00
AKFH AT ED mfww 3, BIOPREHEE BRSO BC PR EL C~fuel ol all 11 34496.3 017
HNSTRbOTHDS, PEERHEENS\ = (B RARG Gas O e, 025 31850 002
K> 25% FeEA 5D LW FERIZ 7~ T, Kerosene residential 0.9 20678.8 0.10
_ o Pl t e 3 i s Other liquid fuel all 1.1 8060.1 0.04

GIS & H W CREERANR) & OBk i %ﬁ:ﬁi L7z Hon Fig. Coal cyclone 1.3 4493 0.00
THAH. HIZEEMZIT 20, BEERER) L0 EC JHEE Coke coke oven 58 345435 0.17

T " R e BT, - Wood stoler 2.2 3355.1 0.02
lié %}]3773% 7)%"5&“@“)@ LT3% ﬁ) UL A 7 /JIJU Other solid fuel cyclone 1.3 169.1 0.00
WCRA EEERAERN L OHEHERRE REIE 2 5D TNAH A City gas all 0.002 20865.3 0.10

oy = BRI - Coke gas all 0.002 24805.3 0.12
vvabdl, —EHOMRTIIEESFRCAE . Furnace slag all 0.002 6778.8 0.03
LNG all 0.002 2040.1 0.01

LPG all 0.002 41770 0.02

Converter gas all 0.002 5396.0 0.03

Waste all 12.6 4647.6 0.02

Total 202802.0 1.00
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Table 10  Annual EC emission by the source types (t)

This study Former study '

ey REti0 et Ratio
Trunk Road 4427 0.67 14773 0.68
Branchy Road 1646 0.25 4236 0.20
Ship 343 0.05 673 0.03
Stationary 203 0.03 1781 0.08
Aircraft - - 282 0.01
Total 6619 1.00 21725 1.00
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Table 11  Contribution of each type of cars

Small Small

Bus Truck Truck Car Bus Truck Truck
(Trunk) (Trunk) (Trunk) (Branchy) (Branchy) (Branchy) (Branchy)
5.2 48 57.1 2.6 1.5 3.6 19.4
Table 12 Annual EC emission by prefectures (t)
Trunk Road Branchy Road Stationary Total

Shiga 693 106 22 821
Kyoto 527 209 10 745
Osaka 1377 695 54 2126
Hyogo 1312 438 68 1819
Nara 311 114 2 428
Wakayama 206 84 46 337
Total 4427 1646 203 6276
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Fig.5 Distribution of total EC emission in Kansai area(g/12h, weekday,
daytime)

Fig.6 Distribution of total EC emission in Kansai area(g/12h, weekday,
nighttime)
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Fig.8 Distribution of total EC emission in Kansai area (g¢/12h, holiday,
nighttime)
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