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Abstract

Due to a decrease of petroleum-based energy resources and high demand,
there are many research studying on development of biofuels as alternatives.
Vegetable oils are attractive biofuels which have comparable energy content and fuel
properties to diesel; in addition, they can produce cleaner gas emission than diesel.
Palm oil is a high potential vegetable oil in Thailand which can be use as feed stock
for biofuels. Therefore, this research has studied on palm oil-based biofuel using in
diesel engine. The engine performance and gas emissions of palm oil-based biofuel
were investigated to compared with diesel fuel. The engine was connected with
electrical devices to measure energy outputs which transformed from mechanical
energy to electrical energy. Series of light bulbs were installed as loads at 0.0 kilowatts
(not connected to generator), 0.0 kilowatts (connected to generator), 0.5 kilowatts, 1.0
kilowatts, 1.5 kilowatts, and 2.0 kilowatts. Duration time for operating the engine
systems is 1 hour per load. Gas analyzer was used to measure gas emissions (i.e. oxygen
(O,), carbon monoxide (CO), and carbon dioxide (CO,)), and combustion efficiency from
the engine. Moreover, fuel consumption was measured after 1 hour to calculate energy
inputs of the systems. The results showed that although engine performance of palm
oil-based biofuel was not comparable to diesel, it can reduce CO emissions due to
more complete combustions. The results from this study can provide alternative fuels
with comparable engine performance and cleaner emissions.

Keywords— diesel, palm oil, engine, biofuel, emission
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(Input + Output) x 100% = Efficiency system

Fuel consumption (liter) x 4.2 (j/calorie) x (Aau3outisiu (calorie/liter)

Input (kilowatt) =
1787 (Fui)

Output = n1szlvanvosviasalwiis e

4.3.1 msauUBesinii (Fuel consumption)
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Weaisevinnisnaaadlundnisslvannsu 1 92luq HVA88398YIIN1TAULATBIEUA

U

£y
o w o

wazthuSunanhdunmuiainisauldasingiu Tnsauimanaun1saesl
Fuel consumption= thiuiildidrldluiaiessud - ihfivdeegainnisiueiaseudasy 1
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Fuel Consumption
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1.20
1.00
0.80
= 0.60
0.40
0.20
0.00

2% Diesel
H Biodiesel

iter

Load (kilowatt)
0.0(hogen) 0.0 0.5 1.0 15 2.0

Ui 4.6 wupiivlSeuiisuuaninisuieniniuveslulasivauasiia

u
= [ 1 = =l L %‘ @t ] @ v
Nnunuiitsasmuinlulediwa dnrsldiiunnnindndesluviinissivanualy
] 1gal vy o 1] 1 7]
daulugindnslasuliunnsnany
4.3.2 Input
NNMIANNIUNITAUGBIUNIY d1T0AIuIMm Input ey
Input = (AMEIIUAIINTEU x MsAUUAaNEY) + a1 Guii)
ATNEIUANLSDUTDITOINAIRLA 36,418.2 kilojoule/liter

] s v .&} L | g s’ . - .
ATWANIUADNIBULBALWAIVINIWINNUINY 36,764 kilojoule/liter

Input
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4.3.3 Efficiency system

NNUNUYH Input FMAaedaIuIsaAIuIN Efficiency system TagnisAiuiaiain

dunsRail Efficiency = (Input + Output) x 100%

Efficiency system
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WWaInanea

= 1o e o s a
A157149% n.1 0.0 kw (LiRenaaSasn e lwiii)

Time{min) T |0yWsau)| €O, | €O | 0 | EFFsy | Temp NI(@MWSauiasasruiatiih]N2 (RymGmauiedacuus) EFF,
15 350 20 | 089 | 240 | 198 | 525 | 1183 04 492
089 | 287 | 198 | 53.3 | 1160 406
30 363 1.0 081 | 257 | 199 | 489 | 1149 3045 464
081 | 262 | 19.9 | 489 | 1134 46.7
45 70 20 | 081 | 259 | 199 | 479 | 1160 04 457
081 | 269 | 199 | 4.2 | 1166 177
50 3.9 20 | 08 | 255 | 189 | 476 | 1157 3040 152
081 | 260 | 199 | 512 | 1170 495
aerage 6.8 il 0.83 | 2695 |19.875 [49.813 ] 115.99 3042.75 475125
A15799 1.2 0.0 kw (Aansnumasnndalnil)
Time{min) T [Offassan)| 0, | CO | 0, |[FEFFy | Temp NI(avmisouesaomuiaisbhiN2 (nrmidwsametasoud) EFF,
15 3.9 10 | 103 | 264 | 196 | 438 | 1334 1533 3105 497
103 | 299 | 195 | 517 | 1349 490
30 .2 a1 | 103 | 270 | 196 | 485 [ 1325 1535 3103 ITH]
103 | 309 | 196 | 527 | 1374 455
45 U2 n1 | 0% | 299 | 196 | 457 | 1315 1535 102 422
09 | 315 | 196 | 454 | 1832 435
§0 13 14 | 09 | 305 | 196 | 6.4 | 1318 1533 3108 517
09 | 325 | 196 | 584 | 1335 53.1
average | 33775 | 2015 | 0895 | 312 |19.588 | 50.95 | 13353 1534 31045 4755
m‘mﬁ n.3 0.5 kw
Tme{min) | T [0,(agsay)| €0z | €O | Oy | EFFper | Temp NI(mmwiisauisfaamuiatsshine (mowdmauaSasens)| EFF
15 3.5 10 | 133 | 29 | 196 | 454 | 1419 1514 3088 474
13 | 2 | 192 | 538 | 1547 510
30 372 w0 | 140 | 241 | 191 | 623 | 1545 1515 080 534
140 | 250 | 191 [ 584 | 1537 515
45 373 A0 | 140 | 254 | 192 | 578 | 1544 1516 07 55.8
155 [ 272 | 190 | 594 [ 1579 55.9
60 3.2 20 | 148 | 259 | 190 | 56.0 | 1550 1515 3080 527
148 | 275 | 190 | 57.8 | 1553 581
average | 3655 A {1423 2615 | 1915 {56363 | 15343 1515 30805 53.205
A15199 n.4 1.0 kw
Tmefmin) | T |Oyftawsau)| 00, | €0 | 0, |EF, | Temp NLavwisousosmuiatsin N2 (wsamataotusd] EFF,
15 12 20 | 199 [ 20 | 183 [ 0.7 | 1845 1498 3058 57.0
199 | 253 | 183 | 604 | 1855 568
30 11 20 | 192 | 20 | 184 | 584 [ 1864 1508 3059 56.5
192 | 22 | 184 | 596 | 1261 56.3
45 34 W0 | 192 [ 42 | 184 | 584 | 1865 1501 3056 544
192 | 243 | 184 | 597 | 1847 56.2
60 U5 20 | 192 | 27 | 184 | 601 | 1906 1502 3057 547
199 | 230 | 183 | 602 [ 1840 5.9
werage | B8 2 |19463| 242 |18.363 [59.688 | 186.04 1502.25 3057.5 55.975

W2



A1919% n.5 1.5 kw
Time{min} T |Oftassau}| €0, | CO | O; | Ef | Temp NI{arwisaueSaaruiath|N2 (avmisamasasoud)| EFF,

15 34.2 21,0 229 | 194 | 17.9 | 59.0 | 2152 1514 3080 55.4
229 | 210 | 17.9 | 594 | 2130 55.7

30 348 2.0 229 | 176 | 179 | 555 [ 2123 1510 3074 524
229 | 187 | 179 | 56.7 | 2224 545

45 4.2 2.0 229 | 171 | 179 | B4.0 | 2200 1515 307 50.2
229 | 176 | 17.9 | 53.8 | 219.2 49.1

60 35.4 210 228 | 173 | 179 | 55.2 | 2194 1512 3081 50.7
229 | 1M | 17.9 | 56.8 | 2235 532

average 34.65 21 229 |186.75| 179 | 56.3 [218.13 1512.75 3077.75 52.65

A19197 N.6 2.0 kw

Time{min) T |Ofiaosau)| CO; | €O | O | EFfy | Temp NI(mrwivsauisasiulatubh]N2 (avwimameSovuus)| EFF,

15 B2 | 210 | 266 | 153 | 174 | 506 | 2782 1512 312 166

266 | 15 | 174 | 504 | 2781 193

0 W8 | 200 | 288 | 15 | 121 | 515 | 2959 1508 3109 W1

280 | 151 | 172 | 521 | 2885 134

5 NS | 200 | 266 | 150 | 174 | 84 | 2875 1509 I 13

266 | 159 | 174 | 501 | 2848 170

50 B0 | 0 | 266 | 182 | U4 | 520 | 2808 1508 0 477

266 | 163 | 174 | 497 | ;a1 168

werage | M8 | 21 | 2705 |157.05|17.338] s0.6 | 227 1509.25 T 215
Warnadlulafiwa

= Y o 5 a
A1979% n.7 0.0 kw (Lllﬁ}ﬂﬁdﬂULﬂ?@ﬂﬂ'lLUﬂ‘lWﬁﬁ)

Time| min) T |Ofiemau)| €0, | CO | O | Effy | Temp NLmwisauiasoornialud|N2 (avuisauefasnusi)| EFF,

15 335 210 09 | 320 | 196 | 544 | 1156 3037 518
103 | 32 | 196 | 56.6 | 1162 54.1

30 3.1 21.0 1.03 | 313 | 196 | 576 | 1152 3035 540
103 | 329 | 196 | 579 | 1147 549

45 34.2 1.0 103 | 307 | 186 | 56.9 | 1199 3034 49.7
L03 | 315 | 196 | 57.7 | 1192 50.6

60 348 1.0 103 | 319 | 196 | 57.0 | 1182 3036 54.3
103 | 328 | 196 | 574 | 1178 5.8

average 34.15 b3 10213 [319.13| 19.6 |56.938| 117.1 3035.5 529

A1579% n.8 0.0 kw @EafafuiAIasnialniii)

Tirme{min} T |Ofaosau)| 0, | €O | O | EFf | Temp NI(avwinsausiasmulatsi]N2 (mwimamaSasous])| EFF,

2

15 4.7 1.0 148 | 325 | 19 | 629 | 1393 1521 3090 53.0
148 | 335 | 19 | 629 | 1392 59.2
30 35.4 2.0 125 | 2% | 193 | 553 | 1394 1521 3083 50.5
125 | 313 | 193 | 56.0 | 1405 527
45 35.5 1.1 110 | 306 | 195 | 50.6 | 1329 1521 083 4713
L11 ] 319 | 195 | 539 | 1336 50.4
60 4.5 N1 118 | 331 | 194 | 547 | 1376 1520 3097 50.5
118 | 34 | 194 | 541 | 1371 50.2

average 35.025 2105 | 1255 |321.13| 193 | 5.3 |137.45 1520.75 3089.5 52.475




mi’mﬁ n.9 0.5 kw

Time{min) T |Ofiawsau)| €O, | €O | 0, | EFF. | Temp NIlmvmésoueSasmialaihIN2 (avuGsauasaonus) EFF,

15 %53 09 | 17| 20| 186 | 634 [ 1588 1524 3103 59.0

177 | 280 | 186 | 62.7 | 1585 59.2

30 3.0 09 | 1] .3 [ 187 [ 612 1575 1523 30% 580

170 | o1 | 187 | 634 | 1571 59.0

45 354 20 | 1w | m | 87 [ 638 [ 1561 1522 3097 594

177 | 29 | 186 | 633 | 1582 539

50 346 20 [ 170 ] 285 [ 187 [ 618 | 1572 1524 3098 575

170 | 286 | 187 | 617 | 159 583

average | 3545 | 2095 |17263|282.25 | 18.663 | 62663 | 157.81 152325 30985 58,675
A151991 1.10 1.0 kw

Time{min) T |Oftausau)| O, | CO | O, |[EFFy | Temp N1{mvwisauaSaoruinleih|N2 (mmimamafasnud)| EFF,

15 54 20 | 207 | 224 | 181 [ 601 | 1841 1527 312 566

207 | 232 | 181 | 591 [ 1847 54.3

30 3.7 09 | 21| 25 | 180 | 61 | 1928 1525 3117 58.6

22 | 6 | 180 | 33 | 1913 59.2

45 356 09 | 2n | m | 180 | 618 | 1889 1524 3115 58.4

221 | ns | 180 [ 617 1910 58.2

50 3.0 09 |22 | m | 180 | 633 | 1388 1524 3118 50.2

22 | 26 | 180 | 625 [ 1919 589

averasge | 35425 | 20925 | 2175 [229.75| 18,025 | 61.738 | 189,19 1525 3118 57.925
A15797 n.11 1.5 kw

Time{min) T |Ofiausau}| €0; | CO | O, |EFF,, | Temp NI {amunSsomafaonufialiih|N2 (arwGmamaiasnd)| EFF,

15 354 2.0 251 | 187 | 176 | 59.5 | 2235 1538 3165 55.6

250 | 191 | 176 [ 504 | 2232 557

30 %3 20 | 251 | 185 | 16 | 83 | 811 1530 3150 55.6

251 | 190 | 176 | 57.2 | 2340 55.7

45 35.4 A0 | 266 | 183 | 174 | 627 | 2296 1532 3155 53.4

273 | 12 | 173 | 619 | 2302 578

50 %3 10 | 258 | 19 | 175 | 599 | 2320 1530 3154 555

258 | 198 | 175 | 6.6 | 2357 531

average | 35475 2 |25738|197.75 | 17,513 | 59.438 | 229,81 15325 3156 55.925
A19719% N.12 2.0 kw

Tmelmin) | T |Oyffagsou)| €O | CO | O, | EFFy | Temp NilmwisonaSaviuiatobh]N2 [owGmamefaonuei] EFF,

15 35.1 210 295 | 156 | 170 | 58.0 | 273.8 1519 3158 547

310 | 164 | 168 | 53.4 | 2762 545

30 4.7 210 303 | 157 | 169 | 564 | 27L6 1518 3158 529

310 | 161 | 168 | 59.0 | 280.2 56.1

45 35.9 209 266 | 152 | 169 | 57.2 | 2729 1510 3145 54,7

266 | 156 | 169 | 58.7 | 2693 53.8

60 37.1 210 266 | 150 | 169 | 58.4 | 27398 1513 3146 546

266 | 15 | 169 | 58.2 | 2723 55.1

average | 357 | 20975 |28525[159.25|16.888 | 58.038 | 273.78 1515 315175 5455
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