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The Use of Natural Gas as an Alternative Fuel in Diesel Engines

Toucshinawut ~ Promtong
Wanchai Prarathang
Sarawut Rodjam

Assist. Prof Chinda Chajoenphonphanich Advisor

Abstract

The objective of this project is to study the dual fuel engine using natural gas combined with diesel
fuel. The engine has been modified with installing a mixer at the intake port to mix natural gas and air.
Experiments and analysis of engines were done by testing with an engine dynamometer at several loads
from 3 to 15 kg.m, at 1200 to 2200 rpm. Thermal efficiency, smoke, engine oil temperature, engine water
temperature and specific fuel consumption are measured and compared to the test results of conventional
diesel engine. As the results, thermal efficiency of dual fuel at 3 to 9 kg.m are higher than that of
conventional fuel about 2.4 to 28.9 percent. The smoke of dual fuel at 3 to 9 kg.m of 1200 to 1600 rpm
decreased about 25.4 to 90 percent. But at higher load of 15 kg.m, smoke is higher than conventional diesel
engine about 6 to 97 percent. The engine oil temperature of dual fuel is higher than that of conventional

diesel engine about 1.2 to 25.7 percent. The replacement of diesel with natural gas is 10 to 72.7 percent
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Energy
consumption (kJ) Fuel consumption by Energy for 107 km Road test
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(Diesel Fuel / Diesel Engine)

AtLoad 15 kgm Toque 2943 N.m

RPM 1200 1400 1600 1800 2000 2200
T air (°C) 32 32 33 33 33 33
T water(°C) 74 77 80 34 85 88
T exhaust(°C) 316 326 345 362 401 446
T crank(°C) 89 85 90 94 99 103
Smoke (%) 17.3 15.9 14.4 13.9 21.1 322
Engine of Sound (dB)

front 90.7 95 95.8 96 96.4 96.6
back right 90.9 95 95.8 96 96.4 96.6
back lift 91.1 95 95.8 96 96.4 96.6
Pressure crank (kg/em’) 2 2.1 2.1 2.2 2.1 2.2
Diesel Fuel (g/m) 17.3 19.03 | 21.53 | 23.53 | 26.37 304
Diesel Fuel (g/h) 1038 1141.8 | 1291.8 | 1411.8 | 1582.2 | 1824
Brake Power (kw) 3.70 431 493 5.55 6.16 6.78
Specific Fuel Consumption (g/kw.h) | 280.67 | 264.63 | 261.97 | 254.50 | 256.69 | 269.02
Thermal of Efficiency (%) 30.18 32.01 | 32.33 | 33.28 | 33.00 | 31.49




AtLoad 12 kgm Toque 23.54 N.m
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RPM 1200 1400 1600 1800 2000 | 2200
T air (°C) 32 33 33 33 33 34
T water(°C) 73 75 75 78 79 89
T exhaust(°C) 254 277 292 306 340 392
T cranic("C) 79 83 86 89 93 96
Smoke (%) 4.1 7.8 6.7 7.2 144 | 248
Engine of Sound (dB)

front 96.4 96.2 96.4 96.6 97.5 98.7
back right 96.4 96.2 96.4 96.9 97.8 98.6
back lift 96.4 96.2 96.3 97.7 977 98.6
Pressure crank (kg/cmz) 1.9 2 2.2 2.3 24 2.5
Diesel Fuel (g/m) 14.13 15 16.47 18.9 21.7 | 25.53
Diesel Fuel (g/h) 847.8 900 988.2 | 1134 1302 | 1531.8
Brake Power (kw) 2.96 3.45 3.94 4.44 4.93 5.42
Specific Fuel Consumption (g/kw.h) | 286.55 | 260.74 | 250.50 | 255.52 | 264.04 | 282.40
Thermal of Efficiency (%) 29.56 | 3249 | 3381 | 33.15 | 32.08 | 29.99




AtLoad 9 kgm Toque 17.66 N.m
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RPM 1200 1400 1600 1800 2000 2200
T air (°C) 31 32 32 32 32 33
T water(°C) 68 70 71 72 73 75
T exhaust(°C) 227 237 248 266 310 340
T crank(°C) 76 78 82 84 86 89
Smoke (%) 2.6 3.2 33 4.5 13.3 242
Engine of Sound (dB)

front 92.8 934 96.1 96 98 100.2
back right 94.8 95.1 98.3 96.9 99 100.2
back lift 95.1 94.7 98.1 97 98.1 99.3
Pressure crank (kg/cml) 2.3 24 2.4 2.5 27 2.8
Diesel Fuel (g/m) 11.53 11.9 13.07 15.03 17.63 204
Diesel Fuel (g/h) 691.8 714 7842 | 901.8 | 1057.8 | 1224
Brake Power (kw) 2.22 2.59 2.96 3.33 3.70 4.07
Specific Fuel Consumption (g/kw.h) | 311.77 | 275.80 | 265.06 | 270.94 | 286.02 | 300.88
Thermal of Efficiency (%) 27.17 | 30.71 | 3196 | 3126 | 29.61 | 28.15




AtLoad 6kgm Toque 11.77 N.m
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RPM 1200 | 1400 1600 1800 2000 2200
T air (°C) 31 32 32 32 32 32
T water(°C) 66 64 66 67 68 70
T exhaust(°C) 182 199 202 222 253 273
T crank(°C) 74 75 77 79 82 85
Smoke (%) I 1.1 14 1.8 5.9 7.1
Engine of Sound (dB)

front 93.8 93.4 95.5 96.1 97.5 99.3
back right 96.8 96.1 97.3 98.3 98.9 98.6
back lift 95.4 96 968 97.3 98 98.9
Pressure crank. (kg/cmz) 3 32 3.2 3.4 3.4 3.4
Diesel Fuel (g/m) 8.67 9.4 10.6 11.97 13.6 15.67
Diesel Fuel (g/h) 520.2 564 636 718.2 816 940.2
Brake Power (kw) 1.48 1.73 1.97 222 247 2.71
Specific Fuel Consumption (g/kw.h) | 351.65 | 326.79 | 322.45 | 323.66 | 330.96 | 346.67
Thermal of Efficiency (%) 2409 | 2592 | 26.27 | 26.17 | 25.59 | 2443




Atload 3 kg.m Toque 6 N.m
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RPM 1200 1400 1600 1800 2000 2200
. T air (°C) 31 32 32 31 31 32

T water(°C) 62 66 66 64 64 66
T exhaust(*C) 161 164 171 190 207 220
T ¢rank(°C) 73 73 74 75 77 80
Smoke (%) 1 1.1 1.1 2.6 3.5 3.7
Engine of Sound (dB)

front 93.4 934 94.8 955 96.8 98.6
back right 949 95.1 96.2 97.6 979 98.8
back lift 95.3 94.1 95.3 96.4 97.6 99.1
Pressure crank (kg/cmz) 3 3.2 33 3.4 3.4 3.5
Diesel Fuel (g/m) 6.67 7.2 7.93 9.27 10.57 | 11.77
Diesel Fuel (g/h) 400.2 432 4758 | 556.2 634.2 706.2
Brake Power (kw) 0.74 0.86 0.99 1.11 1.23 1.36
Specific Fuel Consumption (g/kw.h) | 541.06 | 500.62 | 482.45 | 501.31 | 514.45 | 520.78
Thermal of Efficiency (%) 15.66 16.92 17.56 | 16.90 16.47 16.27
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AtLoad 15 kgm Toque 29.43 N.m

RPM 1200 1400 1600 1800 2000 2200
T air (°C) 32 32 33; 33 33 34

T water(°C) 84 85 90 92 83 %4

T exhaust(°C) 359 360 388 400 439 480
T crank(°C) 93 96 98 101 103 106
Smoke (%) 0.4 053 | 127 | 13.07 | 1533 | 27.63
Engine of Sound (dB)

front 933 94.3 95.6 97.6 100.1 100.9
back right 93.1 94.9 95.7 97.3 99.2 100.3
back lift 93.1 94.3 95.5 97.2 99 100.1
Pressure crank (kg/cm’) 1.3 1.3 1.5 1.4 1.5 1.3
Diesel Fuel (g/m) 12.03 | 13.03 | 13.06 | 1465 | 16.23 | 19.85
Diesel Fuel (g/h) 721.8 | 781.8 | 7836 879 9738 1191
Gas (g/m) 8.02 8.69 8.7 10.21 10.87 13.89
Gas (g/h) 481.2 | 5214 | 522.6 | 612.6 652.2 8334
Brake Power (kw) 3.70 431 493 5.55 6.16 6.78
Diesel Energy Consumption(kw) 7.17 8.41 8.43 9.46 1048 | 12,82
NGV Energy Consumption (kw) 5.07 5.49 5.50 6.45 6.87 8.78
Specific Fuel Consumption (g/kw.h) | 195.17 | 181.20 | 264.89 | 268.88 | 263.80 | 298.58
Thermal of Efficiency (%) 28.81 | 31.03 | 35.38 | 34.86 | 35.53 | 3140




AtLoad 12 kg.m Toque 23.54 N.m
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RPM 1200 | 1400 | 1600 | 1800 2000 2200
T air (°C) 30 30 30 30 33 .33
T water(°C) 72 73 75 79 81 82
T exhaust(°C) 202 314 350 361 400 396
T crank(°C) 83 84 88 91 93 97
Smoke (%) 0.5 0.43 2.17 7.6 7.5 8.43
Engine of Sound (dB)

front 92.4 93.7 939 97.5 98.1 98.9
back right 92.3 93.6 93.8 96.8 98.3 98.7
back lift 92.4 93.6 93.6 96.8 98 98.7
Pressure crank (kg/cmz) 1.9 1.9 1.9 1.9 2.2 2.4
Diesel Fuel (g/m) 9.85 10.69 | 11.12 12.37 13.71 14.28
Diesel Fuel (g/h) 591 641.4 | 667.2 | 742.2 822.6 856.8
Gas (g/m) 6.9 7.13 7.41 8.25 8.04 9.52
Gas (g/h) 414 427.8 | 444.6 495 482.4 571.2
Brake Power (kw) 2.96 3.45 3.94 4.44 493 5.42
Diesel Energy Consumption(kw) 6.36 6.90 7.18 7.99 8.85 9.22
NGV Energy Consumption (kw) 4.36 451 4.68 5.21 5.08 6.02
Specific Fuel Consumption (g/kw.h) | 199.75 | 185.82 | 281.84 | 278.78 | 264.65 263.27
Thermal of Efticiency (%) 27.60 | 30.26 | 33.25 | 33.62 | 3539 | 35.60




AtLoad 9 kg.m Toque 17.66 N.m

RPM 1200 1400 1600 1800 | 2000 | 2200
T air (°C) 29 30 30 30 30 30
T water(°C} - 66 67 68 71 74 85
T exhaust(°C) 230 243 245 273 324 360
T crank(°C) 77 80 g1 86 90 94
Smoke (%) 0.17 0.13 0.47 6.03 6.87 8.6
Engine of Sound (dB)

front 92.3 933 95.7 97.1 98.6 99.8
back right 92.1 933 95.6 97.3 98.3 98.3
back lift 927 934 95.8 97.3 98.6 99.4
Pressure crank (kg/cmz) 2.44 2.4 24 2.48 2.4 2.48
Diesel Fuel (g/m) 718 7.6 8.52 941 11.12 11.73
Diesel Fuel (g/h) 430.8 456 511.2 | 564.6 | 667.2 | 703.8
Gas (g/m) 5.18 5.25 6.22 6.8 6.67 8.18
Gas (g/h) 310.8 315 3732 408 400.2 | 490.8
Brake Power (kw) 222 2.59 2.96 3.33 3.70 4.07
Diesel Energy Consumption(kw) 4.64 491 5.50 6.08 7.18 7.57
NGV Energy Consumption (kw) 3.27 3.32 3.93 4.30 4,22 5.17
Specific Fuel Consumption (g/kw.h) | 194.14 | 176.14 | 298.92 | 292.21 | 288.62 | 293.65
Thermal of Efficiency (%) 28.05 | 3147 | 31.37 | 3209 | 3245 | 31.92
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AtLoad 6 kgm Toque 11.77 N.m

RPM 1200 1400 1600 1800 2000 2200
T air (°C) 29 30 30 30 30 30
T water(°C) 61 63 67 68 69 70
T exhaust(°C) 169 191 197 225 256 273
T crank(°C) 67 72 75 80 3:'; 85
Smoke (%) 0.43 0.73 1.53 7.63 5.63 3.17
Engine of Sound (dB)

front 90.9 914 92.5 91.7 895.6 97.8
back right 91.6 92 92.8 91.8 95.8 993
back lift 91.7 92.1 93.1 92 96 97.8
Pressure crank (kg/cm’) 26 | 26 | 255 | 278 2.7 2.7
Diesel Fuel {g/m) 491 5.62 5.25 7.85 9.4 104
Diesel Fuel (g/h) 2946 | 3372 315 471 564 624
Gas (g/m) 2 2.03 3.08 1.68 208 22
Gas (g/h) 120 121.8 184.8 100.8 | 124.8 132
Brake Power (kw) 1.48 1.73 1.97 2.22 2.47 2.7
Diesel Energy Consumption(kw) 3.17 3.63 3.39 5.07 6.07 6.71
NGV Energy Consumption (kw) 1.26 1.28 1.95 1.06 1.31 1.39
Specific Fuel Consumption (g/kw.h) | 199.15 | 195.38 | 253.39 | 257.69 | 279.37 | 278.75
Thermal of Efficiency (%) 33.36 | 35.14 | 3696 | 36.20 | 33.39 | 33.46
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AtLoad 3 kgm Toque 6 N.m

RPM 1200 1400 1600 1800 2000 2200
T air (°C) . 24 25 24 24 25 26
T water(°C) 54 55 57 59 63 70
T exhaust(°C) 205 216 226 256 277 292
T ¢rank{°C) 93 96 98 101 103 106
Smoke (%) 04 0.33 1.53 35 2.5 4.07
Engine of Sound (dB)

front 90.2 90.2 90.9 93.6 953 96.6
back right 93.3 91.4 91.1 94.1 95.3 95.8
back lift 90.3 92.6 91.4 94.8 95.4 95
Pressure crank (kg/cm’) 3.7 3.6 3.6 3.6 3.6 3.7
Diesel Fuel (g/m) 1.83 32 3.83 5.78 6.15 7.36

| Diesel Fuel (g/h) 109.8 192 229.8 | 346.8 369 441.6

Gas (g/m) 2.65 2.5 1.8 1.98 1.85 2.18
Gas (g/h) 159 150 108 | 1188 [ 111 | 130.8
Brake Power (kw) 0.74 0.86 0.99 1.11 1.23 1.36
Diese! Energy Consumption(kw) 1.18 2.07 2.47 373 3.97 475
NGV Energy Consumption (kw) 1.68 1.58 1.14 1.25 1.17 1.38
Specific Fuel Consumption (g/kw.h) | 148.45 | 222.50 | 342.52 | 419.65 | 389.37 | 422.11
Thermal of Efficiency (%) 25.80 | 23.66 | 27.31 | 22.26 | 23.98 | 22.12
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CNG
Diesel Healing Heating
Fuel Consumption by Dyno Test Value Value
K/kg kg
A. Dual Engine / Dual Fuel 38743.76 37926.09
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km B g 2
Ist 2033 19.20
2nd 100.00 60.00 20.34 19.20
3rd 20.31 19.10
CNG
Total 2.49 60.98 57.50 1530.10 3830.00 Diesel Enegy Energy
Average by time 60.00 56.58 1505.51 3768.45 5273.96 58329.12 142922.52
%
%Mass 28.55 7145 Energy 28.08 71.02
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Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g 2 g
1st 20.36 22.50
2nd 100.00 70.00 20.36 22.40
3rd 20.37 22.40
CNG
Total 2.90 61.09 67.30 2088.00 1280.00 Diesel Enegy Energy
Average by lime 60.00 66.10 2050.74 1237.16 3307.91 79453.56 47679.22
%
%Mass 62.00 38.00 Energy 62.50 37.50
CNG
Diesel Heating Heating
Value Value
K’kg K/kg
38743.76 37926.09
Diesel
Load Speed Time Distance Fuei CNG Fuel Total Fuel
min.se
BMEP km/hr C km g g g
1st 20.45 19.40 958.50
2nd 500.00 60.00 2045 19.40 967.20
3rd 20.50 19.40 1054.70
CNG
Total 12.46 61.40 58.20 2980.40 2620.00 Diesel Enepy Energy
Average by time 60.00 56.87 2912.44 2560.26 5472.70 112838.99 97100.67
%
%Mass 53.22 46.78 Energy 53.75 46.25
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Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
Ist 20.46 22.40 1101.60
2nd 500.00 70.00 2046 22.70 1125.90
3rd 2037 22.40 1201.00
CNG
Total 14.53 61.29 67.50 3428.50 2760.00 Diesel Enegy Energy
Average by time 60.00 66.08 3356.34 2701.91 6058.25 130037.18 102472.84
%
%Mass 55.40 44.60 Energy 55.93 44.07
Diesetl
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr C km 2 g g
Ist 10.47 12.65 883.00
2nd 500.00 80.00 10.45 12.70 859.40
1890.00
CNG
Total 16.60 62.76 76.05 522720 5670.00 Diesel Enegy Energy
Average by time 60.00 72.71 4997.32 5420.65 10417.97 193615.09 205584.06
%
%Mass 47.97 52.03 Energy 48.50 51.50
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B. Diesel Engine /

Diesel Fuel

Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
1st 100.00 60.00 20.36 22.50 -
Total 20.34 19.20 -
Average by lime 60.00 56.64 0.00 - 0.00
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
1st 100.00 70.00 20.31 19.10 -
Total 20.37 22.40 -
Average by time 60.00 65.98 0.00 - 0.00
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
Ist 500.00 60.00 20.45 19.50 1875.90 -
Total 61.35 58.50 5627.70 -
Average by time 60.00 57.21 5503.86 - 5503.86
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Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr < km g g g
1st 500.00 70.00 20.45 24.40 2137.40 -
Total 61.35 73.20 641220 -
Average by time 60.00 71.59 6271.10 - 6271.10
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
ist 500.00 80.00 20.45 26.80 1979.60 -
Total 61.35 80.40 5938.80 -
Average by time 60.00 78.63 5808.12 - 5808.12
C. Dual Engine / Pure Diesel Fuel
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr ¢ km g g g
Ist 100.00 60.00 -
Total 20.32 19.20 975.90 -
Average by time 60.00 56.69 2881.59 - 2881.59




H

Diesel

Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
kst 100.00 70.00 -
Total 20.40 22.50 1075.80 -
Average by time 60.00 66.18 316412 - 3164.12
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr c km g g g
1st 500.00 60.00 20.38 21.20 1949.20 -
Total 61.14 63.60 5847.60 -
Average by time 60.00 62.41 5738.57 - 5738.57
Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP km/hr [ km g g g
1st 500.00 70.00 20.49 23.90 2160.10 -
Total 6147 71.70 6480.30 -
Average by time 60.00 69.99 6325.33 - 6325.33
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Diesel
Load Speed Time Distance Fuel CNG Fuel Total Fuel
min.se
BMEP kmv/hr ¢ km g g
1st 500.00 80.00 20.45 25.70 2438.90
Total 61.35 77.10 7316.70
Average by time 60.00 75.40 7153.70 7155.70
Diesel Heating CNG Heating
Fuel Consumption by Dyno Test Value Value
kl/kg Kikg
A. Dual Engine / Dual Fuel 38743.76 37926.09
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel
BME min.s
P km/hr eC km g g
Ist 20,33 | 19.20
100.
2nd 00 60.00 20.34 | 19.20
3rd 20.31 | 19.10
3830.0 Diesel CNG Total
Total 249 60.98 | 57.50 | 1530.10 0 Enegy Energy Enegy
Average 3768.4 | 5273.9 201251
by time 60.00 | 56.38 | 1505.51 5 6 58329.12 142922.52 .64
%
%Mass 28.55 71.45 Energy 28.98 71.02 100.00
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Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g 2 B
1st 20.36 | 22.50
£00.
2nd 00 70.00 20.36 | 2240
3rd 2037 | 22.40
1280.0 Diesel CNG Total
Total 2.90 61.09 | 67.30 | 2088.00 0 Enegy Energy Enegy
Average 1257.1 | 33079 127132
by time 60.00 | 66.10 | 2050.74 6 1 79453.56 47679.22 .79
%
%Mass 62.00 38.00 Energy 62.50 37.50 100.00
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Diesel Heating CNG Heating
Value Value
Kikg Klfkg
38743.76 37926.09
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g g g
Ist 20.45 | 19.40 | 958.50
500.
2nd 00 60.00 2045 | 1940 | 96720
3rd 20.50 | 19.40 | 1054.70
124 2620.0 Diesel CNG Total
Total 6 61.40 | 58.20 | 2980.40 0 Enegy Energy Enegy
Average 2560.2 | 5472.7 112838.9 209939
by time 60.00 | 5687 12912441 6 0 9 97100.67 67
%
Y%Mass 53.22 46.78 Energy 53.75 46.25 100.00
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Distan | Diesel CNG Totai
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g g g
1st 2046 | 2240 | 1101.60
500.
2nd 00 70.00 2046 | 22.70 | 1125.90
3rd 20.37 | 2240 | 1201.00
14.5 2760.0 Diesel CNG Total
Total 3 61.29 | 67.50 | 3428.50 0 Enegy Energy Enegy
Average 2701.9 | 6058.2 130037.1 232510
by time 60.00 | 66.08 | 3356.34 1 5 8 102472.84 .02
%
%Mass 55.40 44.60 Energy 55.93 44.07 100.00
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.5
P km/hr ec km g g g
1st 10.47 1 12.65 | 883.00
500.
2nd 00 80.00 1045 | 12,70 | 859.40
1890.0
0
16.6 5670.0 Diesel CNG Total
Total 0 62,76 | 76.05 [ 5227.20 0 Enegy Energy Enegy
Average 5420.6 | 10417, 193615.0 395199
by time 60.00 | 7271 | 4997.32 5 97 9 205584.06 15
%
%Mass 47.97 52.03 Energy 48.50 51.50 100.00
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B. Diesel Engine / D

esel Fuel

Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr €c km g g g |
100.
1st 00 60.00 -
Total -
Average #DIV/ | #DIV/0 #DIV/
by time 60.00 0! ! - 0!
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr €c km 4 g £
100.
1st 00 70.00 -
Total -
Average #¥DIV/ | 4DIVAD #DIV/
by time 60.00 1] ! - 0!
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr €c km g g g
500.
1st 00 60.00 2045 | 19.50 | 187590 -
Total 61.35 | 58.50 | 5627.70 -
Average 5503.8
by time 60.00 | 57.21 { 5503.86 - 6
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Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g g E ]
500.
Ist 00 70.00 2045 | 24.40 | 213740 -
Total 6135 | 73.20 | 641220 -
Average 6271.1
by time 60.00 | 71.59 | 6271.10 - 0
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g 2 -3
500.
ist 00 80.00 2043 | 2680 1 1979.60 -
Total 61.35 | 80.40 | 5938.80 -
Average 5808.1
by time 60.00 | 78.63 | 5808.12 - 2




73

C. Dual Engine / Pure Diesel Fuel

Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr €c km g g g
100.
1st 00 60.00 -
Total 20.32 1 19.20 | 975.90 -
Average 2881.5
by time 60.00 | 56.69 | 2881.59 - 9
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km 2 _2 g |
100,
1st 00 70.00 -
Total 20.40 | 22.50 | 107580 -
Average 31641
by time 60.00 | 66.18 | 3164.12 - 2
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
p km/hr ec km g g g
500.
Ist 0 £0.00 2038 | 21,20 | 194020 -
Total 61.14 | 63.60 | 5847.60 -
Average 5738.5
by time 60.00 | 6241 | 5738.57 - 7
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Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km g £ g |
500.
1st 00 70.00 20.49 | 23.80 | 2160.10 -
Total 61.47 | 71.70 | 6480.30 -
Average 63253
by time 60.00 | 69.99 | 632533 - 3
Distan | Diesel CNG Total
Load Speed Time ce Fuel Fuel Fuel
BME min.s
P km/hr ec km £ g g
500.
Ist 00 80.00 20.45 | 2570 1 2438.90 -
Total 61.35 | 77.i0 | 7316.70 -
Average 7155.7
by time 60.00 | 7540 { 7155.70 - 0
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