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ABSTRACT

This study developed the emission intensity estimation method of GHGs by considering the characteristics of the
models and time series. The telematics device was installed on the vehicle (OBD-1I) to collect information on the
operation conditions from each sample vehicle of public authorities. As a result of comparing the mileage distance
and fuel consumption, the matching degree is analyzed very high, showed a * 1~4% error for each vehicle. By
comparing driving record diary of vehicles managed by public authorities, this study presents the method that can
be used to verify driving information in order to derive the GHGs emission intensity.
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Table 2. Analysis number by vehicle type in this study
Type of fuel
Category Number
Gasoline Diesel

Total 30 100.0% 8 26.7% 22 73.3%

Passenger car 11 36.7% 8 26.7% 3 10.0%

Van 6 20.0% - - 6 20.0%

Truck(Cargo) 13 43.3% - - 13 43.3%
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Table 3. Information of target vehicle

Classification L.D. Vehicle type Type of fuel Production year Institution

P-Al Light Gasoline 2008 (A)

P-A2 Light Gasoline 2009 A)

P-A3 Light Gasoline 2011 (A)

P-Bl Light Gasoline 2009 (B)

P-B2 Light Gasoline 2010 B)

Paszzrrlger PCl Light Gasoline 2008 (©)
P-C2 Light Gasoline 2014 ©

P-C3 Light Gasoline 2010 ©

P-A4 Large Diesel 2011 A)

P-DI Midsize Diesel 2007 D)

P-D2 Midsize Diesel 2010 D)

V-Al Midsize Diesel 2007 (A)

V-B1 Midsize Diesel 2009 B)

V-B2 Midsize Diesel 2013 (B)

Van

V-B3 Midsize Diesel 2011 B)

V-C1 Midsize Diesel 2007 ©

V-D1 Midsize Diesel 2011 (D)

T-Al Small Diesel 2007 (A)

T-A2 Small Diesel 2007 (A)

T-A3 Small Diesel 2010 (A)

T-A4 Small Diesel 2011 (A)

T-A5 Small Diesel 2009 A)

T-A6 Small Diesel 2007 A)

Truck T-B1 Small Diesel 2007 B)
T-B2 Small Diesel 2007 (B)

T-B3 Small Diesel 2011 B

T-B4 Small Diesel 2008 B)

T-C1 Small Diesel 2012 ©

T-C2 Small Diesel 2009 ©

T-C3 Small Diesel 2009 ©

Y (A) City Hall; (B), (C) Borough Office(Gu Office); (D) Business place.
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Fig. 1. Methodology of collect of driving information

Table 4. Collection item of driving information.

[Datal= 5]

Table 5. Analysis item of driving information

Collection unit : Second

Analysis unit : Trip

- License plate number

- Vehicle type

- Time of start-up on/off (YYYY-MM-DD HH:24MI: SS)
- Mileage(km)

- Speed(km/h)

- Engine rpm

-GPS X, Y

- Fuel injection (mL)

- MAF- (Mass air flow) (mg/TDC")
- Coolant temperature (C)

- Intank air temperature (C)

- Atmospheric pressure (Pa)

- Accelerator (%)

- Engine torque

- Brake signal

- Operating time (sec)

- Driving time of trip (sec)

- Idling time (sec)

- Idle ratio (%)

- Average speed at the time of operation (km/h)

- Average speed when driving (km/h)

- Maximum speed (km/h)

- One trip length (km)

- Total mileage (km)

- Fuel consumption in trip (L)

- Average fuel economy (km/L)

- Number of rapid acceleration/deceleration

- Time to reach the coolant normal temperature (sec)
- Distance to reach the coolant normal temperature (m)

- Fuel consumption at unheated engine

" TDC : Top Dead Center sensor
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Table 6. Data based on the driving record diary

Mileage (km) Fuel purchase amount (L)
Classification I.D. (Unit)
Sum. 2 Quarter 3 Quarter 4 Quarter Sum. 2 Quarter 3 Quarter 4 Quarter
P-Al 2,427 702 790 935 243 50 105 88
P-A2 7,162 2,072 2,548 2,542 997 270 408 319
pcY Gasoline
P-A3 1,486 573 497 416 160 50 70 40
P-B1 4,860 796 1,570 2,494 420 60 140 220
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Table 6. Continued

Mileage (km) Fuel purchase amount (L)

Classification I.D. (Unit)
Sum. 2 Quarter 3 Quarter 4 Quarter Sum. 2 Quarter 3 Quarter 4 Quarter

P-B2 4,428 1,825 1,405 1,198 500 200 180 120
P-Cl1 980 - - 980 100 - - 100
Gasoline
P-C2 8,716 2,793 2,698 3,225 851 266 292 293
P-C3 3,444 1,008 1,376 1,060 391 125 183 83
pCY Sub total 33,503 9,769 10,884 12,850 3,662 1,021 1,378 1,263
P-A4 8,154 3,072 3,069 2,013 958 383 335 240
Diesel P-D1 11,506 3,686 3,848 3,974 1,265 375 480 410
P-D2 8,445 3,127 3,185 2,133 760 282 290 188
Sub total 28,105 9,885 10,102 8,120 2,983 1,040 1,105 838
Total 61,608 19,654 20,986 20,970 6,645 2,061 2,483 2,101
V-Al 13,375 3,540 4,116 5,719 1,524 440 447 637
V-BI 3,868 1,901 522 1,445 505 225 120 160
V-B2 1,822 447 436 939 304 80 80 144
Van Diesel

V-B3 13,343 4911 4310 4,122 1,354 478 459 417
V-Cl1 3,507 1,355 394 1,758 444 144 119 181
V-D1 6,438 1,505 1,526 3,407 840 208 284 348
Total 42,353 13,659 11,304 17,390 4971 1,575 1,509 1,887
T-Al 10,120 3,656 3,511 2,953 1,590 570 510 510
T-A2 4,686 3,586 - 1,100 615 455 - 160
T-A3 9,353 2,414 4,427 2,512 1,274 341 577 356
T-A4 8,173 4,498 2,930 745 1,090 640 350 100
T-AS 9,648 4,596 4,039 1,013 1,130 500 440 190
T-A6 3,426 1,842 978 606 470 260 110 100
Truck Diesel T-B1 6,060 2,270 2917 873 875 375 400 100
T-B2 9,766 3,487 3,380 2,899 1,690 560 650 480

T-B3 2,611 2,153 458 - 430 370 60 -
T-B4 2,963 1,250 773 940 520 205 152 162
T-C1 14,907 5,389 4,538 4,980 2,159 773 704 682
T-C2 2,453 865 632 956 420 150 100 170
T-C3 2,754 1,206 935 613 450 200 150 100
Total 86,920 37,212 29,518 20,190 12,713 5,399 4,203 3,110

D PC : Passenger car.

Journal of Climate Change Research 2015, Vol. 6, No. 2



Table 7. Analysis results of the driving information
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Division (Unit)  Trip (Num.) Operating time (sec.) Driving time (sec.) Idling time (sec.) Idling ratio (%)
Total 38,405 33,847,550 20,246,424 13,601,126 40.2
PC 13,627 11,698,775 6,964,900 4,733,875 40.5
Van 3,844 4,684,421 3,116,820 1,567,601 335
Truck 20,934 17,464,354 10,164,704 7,299,650 41.8
Table 8. Data based on the on-board Telematics device
Mileage (km) Fuel purchase amount (L)
Classification 1.D. (Unit)
Sum. 2 Quarter 3 Quarter 4 Quarter Sum. 2 Quarter 3 Quarter 4 Quarter
P-Al 2,267 696 729 842 212 62 78 71
P-A2 6,917 2,051 2,403 2,463 854 247 347 260
P-A3 1,461 598 446 417 149 59 50 40
P-B1 4,491 943 1,177 2,372 359 65 103 191
Gasoline
P-B2 4,434 1,882 1,365 1,187 448 189 153 106
P-Cl 977 - - 977 84 - - 84
pC? P-C2 8,626 2,943 2,744 2,939 718 240 244 234
P-C3 3,972 1,109 1,448 1,415 402 112 152 138
Sub total 33,145 10,222 10,312 12,612 3,226 974 1,127 1,124
P-A4 8,036 3,067 2,828 2,141 851 345 288 217
Diesel P-D1 11,240 3,699 3,653 3,888 1,223 399 431 393
P-D2 8,320 3,195 3,025 2,099 717 263 264 190
Sub total 27,596 9,961 9,506 8,128 2,791 1,007 983 800
Total 60,741 20,183 19,818 20,740 6,017 1,981 2,110 1,924
V-Al 11,875 3,043 3,150 5,682 1,413 388 399 627
V-BI 3,666 1,801 529 1,335 478 220 89 170
V-B2 1,800 440 421 939 304 87 90 126
Van Diesel
V-B3 12,020 4,877 4,172 2,971 1,139 459 408 272
V-C1 3,441 1,267 315 1,859 511 182 76 253
V-D1 6,346 1,488 1,482 3,376 873 224 235 415
Total 39,148 12,916 10,069 16,162 4,718 1,560 1,297 1,863
T-Al 9,910 3,654 3,373 2,882 1,618 566 569 483
T-A2 4,297 3,353 - 944 678 513 - 165
Truck Diesel
T-A3 8,111 2,421 3,180 2,511 1,230 385 465 381
T-A4 8,077 2,669 3,056 2,352 1,205 366 503 336

http: //www.ekscc.re.kr
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Table 8. Continued
Mileage (km) Fuel purchase amount (L)
Classification I.D. (Unit)
Sum. 2 Quarter 3 Quarter 4 Quarter Sum. 2 Quarter 3 Quarter 4 Quarter
T-AS 11,655 4,513 3,721 3,421 1,485 552 510 423
T-A6 3,133 1,784 787 563 527 305 136 87
T-B1 5,331 2,378 2,277 676 888 406 384 99
T-B2 8,776 3,295 2,733 2,749 1,905 661 646 597
Truck Diesel T-B3 2,626 2,067 559 - 486 374 112 -
T-B4 2,862 1,215 719 927 541 223 145 173
T-C1 14,494 5,286 4,314 4,894 2,279 818 727 735
T-C2 2,358 851 615 891 457 150 136 170
T-C3 2,266 1,089 918 259 450 199 199 52
Total 83,896 34,575 26,252 23,069 13,749 5,518 4,532 3,701
D PC : Passenger car.
Comparison of Mileage Comparison of Fuel consumption
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Fig. 2. Comparison of mileage and fuel consumption of driving

D DRD : Data based on the Driving Record Diary.
2 TMD : Data based on the on-board Telematics device.
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Table 9. Comparison of mileage data by vehicle type

I SR Aol st 1 151

Category Fuel type DRDYV T™MD? DRDV TMD?
(Unit) (km) (k) %) %)"
Total 190,881 183,783 100.0 96.3
Gasoline 36,638 33,181 100.0 90.6
Passenger car
Diesel 28,105 27,596 100.0 98.2
Van Diesel 42,353 39,147 100.0 92.4
Truck Diesel 86,920 83,896 100.0 96.5
" Data based on the Driving Record Diary.
? Data based on the on-board Telematics device.
9 DRD (km)/DRD (km).
Y9 TMD (km)/DRD (km).
Table 10. Comparison of fuel consumption data by vehicle type
Category Fuel type DRDV T™D? DRDV T™MD?
(Unit) @© L) (%)” (%)Y
Total 24,329 24,484 100.0 100.6
Gasoline 3,952 3,229 100.0 81.7
Passenger car
Diesel 2,983 2,791 100.0 93.6
Van Diesel 4971 4,719 100.0 94.9
Truck Diesel 12,713 13,748 100.0 108.1

Y Data based on the Driving Record Diary.

? Data based on the on-board Telematics device.
% DRD (LYDRD (L).

9 TMD (L)/DRD (L).
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Table 11. Emission factor which is applied in this study

&

ra

Emission factor (kg/TJ)

Fuel type Net-caloric
(Unit) value (MJ/L) o, CH, N,O
Gasoline 31.0 69,300 25.0 8.0
Diesel 354 74,100 3.9 3.9
GWP - 1 21 31
Source : Ministry: of Environment (2013).

Table 12. Speed-based CO, emission factor
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Vehicle type Fuel type Speed (km/h) Emission factor (g/km)
<65.4 y=887.12x 05703
Passenger car Light Gasoline
>65.4 y=0.9303x+30.821
<65.4 y=1313.2x %%
Small Diesel
>65.4 y=0.9883x+68.771
RV
<65.4 y=1811.7x %602
Midsize Diesel
>65.4 vy=0.9521x+88.489
<65.4 y=1923.2x 34!
Van Small Diesel
>65.4 y=1.0658x+93.436
<65.4 y=1135.2x 04668
Cargo Small Diesel
=654 y=2.2307x+25.76
Table 13. Speed-based Non-CO, emission factor
Vehicle type Fuel type CH,4 (g/km) N,O (g/km)
Passenger car Gasoline y=0.0351x *7"** y=0.0307x %718
Small Diesel y=0.0512x 8062 y=0.007x %533
RV
Midsize Diesel y=0.0534x 137! y=0.142x 738
Van Small Diesel y=0.1581x "~ *" y=0.109x ~ %63
Cargo Small Diesel y=0.0328x %7 y=0.0984x 7%
X : Vehicle speed; Source : NIER, 2009.
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Fig. 3. Comparison of emissions for each methodology by vehicle type.

) DRD : Data based on the Driving Record Diary.

? TMD (Fuel) : Data based on fuel consumption of the on-board Telematics device.
3 TMD (Speed) : Data based on operating speed and mileage of the on-board Telematics device.
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Table 15. Comparison of cold-start emissions by vehi-
cle type

Category  Fuel type Cold emissions rate(% )

( Unit ) Average  Maximum  Minimun
Total 13.8 26.2 4.7
Passenger Gasoline 9.4 11.6 4.7
car Diesel 9.1 10.5 6.8
Van Diesel 14.4 20.7 10.4
Truck Diesel 17.3 26.2 8.2

= A0R FAEA

7R A ol meh 243 Ak Fig 49k 2o
H, &&= 7|8 A Fof A view ditle Akl
n|7kE A v &R ohel, ohE 8Qlo® wiEEE 24
7k uiEEol| it HErl T3k o] Q] ¢S Ao Bt

sfairh.

Table 14. Result of the GHGs emissions for each methodology

) TMD” TMD (%)
Category Fuel type DRD DRD
Fuel? Speed” o/ \4)
(%) Fuel® Speed®
(Unit) ( ton CO; eq. )
Total 62.1 64.0 46.9 100.0 103.1 75.5
Gasoline 7.9 7.2 6.0 100.0 91.9 76.4
Passenger car

Diesel 7.8 7.5 6.1 100.0 95.2 77.9
Van Diesel 13.0 12.6 9.9 100.0 96.6 76.1
Truck Diesel 333 36.7 24.8 100.0 110.0 74.4

)
2)

Data based on the Driving Record Diary.

3)
Y DRD (ton CO, eq.)/DRD (ton CO, eq.).

> TMD-Fuel (ton CO, eq.)/DRD (ton CO; eq.).
9 TMD-Speed (ton CO, eq.)/DRD (ton CO, eq.).
) Telematics device.
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Table 16. Comparison of cold-start emissions by each vehicle
TMD (Fuel)”
Clas(slgtrilicgtion Hot emis. Cold emis. {f:f C(E)IzeZ?)Z) Perciﬁ;ﬁi &
(ton CO, eq.) (%)Y
P-Al 0.47 0.05 11.2 0.38 20.7
P-A2 1.91 0.09 4.7 1.61 15.8
P-A3 0.33 0.04 114 0.27 17.8
P-B1 0.80 0.08 9.8 0.73 8.9
Gasoline P-B2 1.00 0.11 10.7 0.76 24.1
P-Cl1 0.19 0.02 11.6 0.18 6.3
Passenger P-C2 161 0.11 7.1 1.34 16.5
car P-C3 0.90 0.08 8.4 0.74 18.1
Sub total 7.21 0.58 - 6.01 -
P-A4 227 0.23 9.9 2.12 6.6
P-D1 3.26 0.22 6.8 2.35 279
Diesel
P-D2 1.91 0.20 10.5 1.62 152
Sub total 7.44 0.65 - 6.09 -
Total 13.46 1.23 - 12.10 -
V-Al 3.77 0.43 11.4 2.84 24.7
V-B1 1.28 0.16 12.9 0.94 26.3
V-B2 0.81 0.17 20.7 0.55 31.8
Diesel
Van V-B3 3.04 0.32 104 2.93 3.7
V-C1 1.36 0.17 124 0.84 384
V-D1 233 0.43 18.3 1.82 21.7
Total 12.59 1.68 - 9.92 -
T-Al 432 0.48 11.1 2.77 359
T-A2 1.81 0.36 19.8 1.12 382
T-A3 3.28 0.48 14.5 2.23 32.0
T-A4 322 0.57 17.8 2.27 29.5
T-AS 3.96 0.46 11.5 3.50 11.6
Truck Diesel
T-A6 1.41 0.36 253 0.87 38.0
T-B1 237 032 13.7 1.63 312
T-B2 5.08 0.72 14.1 2.83 443
T-B3 1.30 0.18 13.7 0.82 36.7
T-B4 1.44 0.38 26.2 0.88 39.1

http: //www.ekscc.re.kr
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Table 16. Continued

TMD (Fuel)”
Classification . . TMD (Speed)”  Percentage gap
(Unit) Hot emis. Cold emis. (ton CO» eq) p)”
(ton CO; eq.) (%y”
T-Cl 6.08 0.50 8.2 4.39 27.8
Diesel T-C2 1.22 0.31 25.5 0.79 34.9
Truck
T-C3 1.20 0.29 24.0 0.70 413
Total 36.69 541 - 24.8 -

) Data based on fuel consumption of the on-board Telematics device.

? Data based on operating speed and mileage of the on-board Telematics device.
) Cold emission rate (%) = Cold emis./(Hot emis.+Cold emis.).

9 1 —{TMD(Speed) ~ TMD(Fuel)}.

20,00 - B TWMD(Fuel}-Cold emis. r 20.00
1800 - ® TMD{Fuel)-Hot emis. - 18.00
. 16.00 - TMD(Speed) - 16.00 .
g 1400 - - 1400 ¢
o 1200 - 1200 §
8 o
c 10,00 - 1000 c
a2 £
o 800 8O0
5 600 - 600 S
400 - 4.00
200 A n 2.00
PC | Van | Truck PC | Van | Truck
2 Quarter 3 Quarter

Fig. 4. Comparison of cold-start emissions by vehicle type.
" PC : Passenger cars.
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during drive mode

Category Fuel type Total trip Only idling trip Fuel consumption during (%)
(Unit) (Number) (%) Driving Idling
Total 38,405 1,017 2.6 83.8 16.2
Gasoline 10,180 233 1.7 91.2 8.8
Passenger car
Diesel 3,447 112 0.8 92.4 7.6
Van Diesel 3,844 149 39 92.9 7.1
Truck Diesel 20,934 523 2.5 79.3 20.8
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