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Abstract : The fuel economy of vehicles is the main concern for policy makers, vehicle manufacturers and consumers.
Understanding the fuel economy of vehicles has important implications for fuel economy, greenhouse gas emissions and
consumer information policies. Consumers need more fuel economy information to make informed decisions about their
vehicle usage. This study seeks to satisfy our curiosity on whether fuel economy is closely related with cumulative mileage.
The fuel economy data based on four different mileage conditions are measured by testing eight vehicles on two drive cycles
(FTP-75 and HWFET) in accordance with the government test method to analyze and compare relationships between
mileage and fuel economy. Statistical approaches with one-way ANOVA and paired t-test are used to verify causality
between cumulative mileage and fuel economy. There is no mileage effect on vehicle fuel economy as shown in the one-way
ANOVA results. The paired t-test analysis shows that fuel economy is minimally affected by cumulative mileage. However,
it is difficult to ascertain if cumulative mileage can cause negative effects on fuel economy.

Key words : Fuel economy($1H], o]\ %] & &), Cumulative mileage(*+%] 534 2]), FTP 75 mode(Z=A 578 B
HWFET mode(a31% =2 58] F.1=), One-way ANOVA(Y ¢ &4F24)), Paired t-test( T -8- 3£ 2 73 )
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Fig. 1 Appropriate approach to choose the test vehicles
considered vehicles specifications and sales volumes
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Table 1 Specifications of test vehicles

Test Engine Curb Production
vehicles Fuel type size(cc) | weight(kg) year
Vehicle 1 | Gasoline 998 940 2016
Vehicle2 | Gasoline 1,591 1,250 2016
Vehicle 3 Gasoline 1,999 1,470 2017
Vehicle 4 Gasoline 2,359 1,555 2016
Vehicle 5 Diesel 1,598 1,415 2016
Vehicle 6 Diesel 1,685 1,565 2017
Vehicle 7 Diesel 1,995 1,790 2016
Vehicle 8 Diesel 2,199 2,090 2017
o 7)ol Al ME2] A7) Az Belks vERth o]
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where FEg : fuel economy of gasoline vehicle (km/L)
FE) : fuel economy of diesel vehicle (km/L)
HC : hydrocarbon emissions(g/km)
CO : carbon monoxide emissions(g/km)
CO; : carbon dioxide emissions(g/km)
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Fig. 2 Driving schedules for vehicle fuel economy test
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Fig. 3 City and highway fuel economy test results of test
vehicles by cumulative mileages

Table 2 Ratio of difference to mean fuel economy based on
cumulative mileage of test vehicles on each driving
mode

Driving Test Cumulative mileage(km)

mode vehicles 150 6,500 15,000 | 30,000
Vehicle 1 | -3.3% | -1.6% | 27% | 22%
Vehicle 2 | -4.3 % 1.6 % -1.4% | 41%
Vehicle3 | -20% | 24% | -1.9% | 1.4%
FTP-75 | Vehicle4 | -33% | 12% | -05% | 2.6%

(city) Vehicle5 | 22% | -02% | 1.6% | 0.8%
Vehicle 6 | 0.0 % 1.4% -04% | -1.0%
Vehicle7 | -1.2% | -02% | 2.8% | 42%
Vehicle8 | -3.6% | -1.6% | 0.1% | 5.1%
Vehicle 1 | -1.7% | -12% | 2.6% | 03%
Vehicle2 | -2.9 % 23% -1.6% | 21%
Vehicle3 | -29% | 26% | 01% | 02%
HWFET | Vehicle4 | -1.0% | 08% | -02% | 0.5%
(highway) | Vehicle5 | -2.7% | -04% | 2.0% 1.2%
Vehicle 6 | -1.2 % 4.0 % 22% | -0.6%
Vehicle7 | -0.6% | 13% | -32% | 25%
Vehicle8 | -5.7% | -04% | -1.8% | 7.9%
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Table 3 City and highway fuel economy test results of each
group according to cumulative mileage

ket Cunylative Fuel economy (km/L)
mode mileage Max. Min. Mean | Variance
(km)
150 1922 | 11.83 | 15.36 7.40
FTP-75 6,500 19.51 12.38 15.79 7.06
(city) 15,000 19.14 12.16 15.70 7.76

30,000 19.04 | 1254 | 16.09 6.60

150 25.56 | 15.82 | 21.87 10.79
HWFET 6,500 25.69 | 16.70 | 22.62 10.54
(highway) 15,000 26.66 | 1646 | 22.25 10.76

30,000 26.06 | 18.08 | 22.71 8.86
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Fig. 4 City and highway fuel economy test results of each
cumulative mileage group
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Table 4 p-value of each cumulative mileage group

Driving mode | 150km | 6,500 km | 15,000 km | 30,000 km
FTP-75 0.47851 0.39590 0.29062 0.21407
HWFET 0.38620 0.17544 0.55320 0.33537

3.3 One-way ANOVA A1}
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Table 5 One-way ANOVA test results of FTP-75 and HWFET

(a) One-way ANOVA results of FTP-75 mode

. Sum of | Mean of F critical
Driving mode F p-value

squares | squares value

Between groups| 2.16634 | 0.72211 |0.10023|0.95921 | 2.94669
Within groups | 201.737 | 7.20491 - - -
Total 203.904 - - - -

(b) One-way ANOVA results of HWFET mode

Sum of | Mean of F critical

Drivi d F -val
Ving mode squares | squares prvalue value

Between groups|3.563993 | 1.18800 |0.11603 | 0.94996 | 2.94669

Within groups | 286.672 |10.23827 - - -

Total 290.236 - - - -
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3.4 Paired t-test A1}
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Table 6 Paired t-test results compared to 150 km basis

(a) Paired two sample t-test results of FTP-75 mode

Group 1 Group 2 t Stat p-value t critical
150 km 6,500 km | -4.87064 0.00181 2.36462
150 km | 15,000 km | -2.17371 0.06625 2.36462
150 km | 30,000 km | -4.37796 0.00324 2.36462

(b) Paired two sample t-test results of HWFET mode

Group 1 Group 2 t Stat p-value t critical
150 km 6,500 km | -4.83310 0.00189 2.36462
150km | 15,000 km | -1.78290 0.11780 2.36462
150km | 30,000 km | -3.57049 0.00909 2.36462

Table 7 Paired t-test results compared to 6,500 km basis

(a) Paired two sample t-test results of FTP-75 mode

Group 1 Group 2 t Stat p-value t critical

6,500 km | 1,5000 km | 0.55156 0.59841 2.36462

6,500 km | 30,000 km | -1.85988 0.10523 2.36462
(b) Paired two sample t-test results of HWFET mode

Group 1 Group 2 t Stat p-value t critical

6,500 km | 1,5000 km | 1.24388 0.25358 2.36462

6,500 km | 30,000 km | -0.36425 0.72643 2.36462
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