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Abstract : Since particulate matter has high impacts on human health and everyday life, the dual fuel systems utilizing diesel and
compressed natural gas have been developed to improve the environmental performance of diesel vehicles. The objective of this
study is to estimate the economic feasibility of the dual fuel system based on real operating data of dual fuel buses and diesel
buses. The system is economically feasible if the annual mileage of the dual bus is higher than 30,000 km, or if the unit fuel price
of diesel is higher than that of CNG by 408 won. The uncertainty analysis results show that the economic feasibility of the system
is probabilistically high, regardless of the variability of input data such as mileage and unit prices for the fuels. The sensitivity
analysis results show that diesel and CNG prices are the highest contributor to the net present value of the system. Based on these
results, economic incentives are suggested to disseminate the systems. This study would provide valuable economic information
for bus business industry and policy maker to help make decisions for applying and disseminating the dual fuel systems to
mitigate particulate matter problems.
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Figure 1. Unit prices of diesel and CNG fuels:

Table 1. Operating data of the diesel bus and the duel fuel bus

(a) diesel; and (b) CNG.

Table 2. Initial investment and operating costs for the dual fuel

Diesel CNG . system
. . Mileage
consumption consumption (km) Cost for dual fuel Remarks
@L) (Nm3) system (won)
Diesel bus 14,047 - 47,719 Initial investment cost 16,400,000
Duel fuel bus 14,255 10,639 83,754 Diesel fuel 9.634.592 Unit cost of diesel :
1415 won/L
. CNG fuel 4,440,500 Unit cost of CNSG :
3.1.2. ZSHAQ} SAHAO H7HH|E H|mZ 7} At Operating 874 won/Nm
_ _ t .
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Table 3. Comparison of annual costs of the diesel bus and the dual

fuel bus (unit : won/year)
Diesel bus | Dual fuel bus

Annualized initial installation cost - 1,640,000

Diesel fuel 16,633,412 | 9,634,592

Annual CNG fuel - 4,440,500

operating

cost Gas filter - 125,000
Gas vessel inspection - 83,030

Total 16,633,412 | 15,923,122
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Figure 2. Net present value (NPV) and internal rate of return (IRR) of the duel fuel bus in case the mileage is 40,000 km.
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Table 4. Net present value (NPV), cost-benefit ratio (C/B), internal rate of return (IRR), payback period (PP) of the dual fuel bus depending
on the variations of the unit prices of diesel and CNG. The maximum, mean, minium unit prices were employed, and the mileage was

set at 40,000 km
Umz‘gf)‘fl;\?rigc)NG Unit ‘zrvlvf)ifg)d‘esel NPV (won) C/B () IRR (%) PP (year)
1012 1.0 3.0 10
612 1080 (Minimum) +3,161,477 12 6.5 8.3
(Minimum) 1415 (Mean) +18,807,105 2.1 21 45
1649 (Maximum) 429,710,983 2.8 29.6 3.4
1080 (Minimum) -9,308,677 0.4 -10.5 N.A.
874 1279 1.0 3.0 10
(Mean) 1415 (Mean) 46,336,950 1.4 9.8 7
1649 (Maximum) +17,240,829 2.1 19.7 48
1080 (Minimum) -14,771,434 0.1 26.9 N.A.
088 1396 1.0 3.0 10
(Maximum) 1415 (Mean) +874,194 1.1 4.0 9.5
1649 (Maximum) +11,778,072 1.7 14.9 5.8

*N.A. : Not Applicable
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Figure 3. Net present value (NPV) and internal rate of return (IRR) of the duel fuel bus in case the mileage is: (a) 20,000 km; and (b) 30,000 km.
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Figure 4. Uncertainty and sensitivity analysis results for the net present value (NPV) of the duel fuel bus: (a) uncertainty analysis; and (b)

sensitivity analysis.
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Table 6. Economic incentive estimation results for the dissemi-
nation of the dual fuel systems depending on the mileage
and fuel unit prices: (a) partial support of the initial
investment cost; and (b) partial support of the CNG fuel
cost. The maximum, mean, minium unit prices for the
fuels were employed.

)3

(a)
Annual | Economic support | Bus operator’s | Net present
mileage | from government payment value
(km) (won) (won) (won)
0 16,400,000 -5,800,000
20,000
5,800,000 10,600,000 0
30,000 0 16,400,000 0
(b)
Annual Unit price Unit price . Econp me
. . incentive for
mileage for CNG for diesel
(k) (won/Nm’) (won/L) CNG fuel cost
(won/Nm3)
612 1080 (Minimum) 302
(Minimum) 1397 0
1080 (Minimum) 572
874 1415 (Mean) 244
(Mean) 1649 (Maximum) 16
20,000
1665 0
1080 (Minimum) 686
988 1415 (Mean) 358
(Maximum) | 1649 (Maximum) 130
1782 0
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