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Abstract : Water soluble oil was obtained by pyrolysis of biomass. The characteristics of
emulsified fuel by mixing water soluble oil and MDO(marine diesel oil) and engine emissions were
studied with engine dynamometer. Saw dust was used as biomass. Water soluble oil was obtained
by condensing of water and carbon content with pyrolysis of saw dust at 500°C. Emulsion fuel
was obtained by emulsifying MDO and water soluble oil by the water soluble oil mixing ratio of
10 to 20% of MDO. Exhaust gas detection was performed with engine dynamometer. While
combustion, micro—explosion took place in the combustion chamber by water in the emulsion fuel,
emulsion fuel scattered to micro particles and it caused to smoke reduction. The heat produced
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from water vapour reduce the temperature of internal combustion chamber and it caused to
inhibition of NOx production. It can be verified by the lower exhaust temperature of each ND-13
mode using emulsion fuel than that of MDO fuel. The NOx and smoke concentration were

reduced by increasing water soluble oil content in the

according to the increment of water soluble oil

emulsion fuel. The power also decreased

content of emulsion fuel because emulsion fuel has

low calorific value due to high water content than MDO. As a result of ND-13 mode test with
20% bio oil content, it was achieved 25% reduction in NOx production, 60% reduction in smoke

density, and 15% reduction in power loss.

Keywords = MDO, biomass oil, emulsion, emulsified fuel, NOx, smoke
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Fig. 1. Renewable energy mix for power
generation in U.S.A.
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Table 1. Supply goal of renewable energy by 3rd basic plan

(Unit : 1,000 TOE)
Contents 2008 2010 2015 2020 2030 Increasing rate
. 518 987 2,210 4211 10,357
Bio 8.1) (13.0) (18.8) (24.0) (31.4) (14.6)
4,688 5,097 6,316 7,764 11,021
Waste 737 | 614 | 538 | @43 | 334 40
Ist energy
(Mil. TOE) 247 253 270 287 300 0.9)
Percentage 2.58% 2.98% 4.33% 6.08% 11.0%

Table 2. Weight of RPS in Korea

RPS energy and basic install type

Hydraulic, Overland wind power, Bio energy, RDF power plant

Waste gasification power plant, Tidal power plant(with seawall)

Cellulosic biomass power plant, Offshore wind power(connection

Offshore wind power(connection distance over 5km), Tidal power

RPS contents | Weight
0.25 IGCC, Artificial gas
0.5 Waste, Landfill gas
Renewable 1.0
energy

1.5 .
distance below 5km)

20 plant(without seawall). Fuel cell
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Fig. 1. Photograph of engine dynamo.
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Fig. 2. Schematic of experiment systems.
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Fig. 3. Biomass pyrolysis system.
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Table 3. Property of marine diesel oil(MDO)
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NP4(Polyoxyethylene nonylphenol ether, ether
derivatives, derivatives, IC Chemical)E A5}
o 9d Ex 27HA ol FIHAIE st
of freHlE Argstanth

AREEI TR 7FEA e,
homogenizer(model; IKA Ultra-Turrax® T 18
basic)2}  ultrasonic  generator(model;  Jeil
Ultrasonic Co. Ltd JIW-1500T)°]t}.

Az=He Fig. 4o Uehdiglen], MDO 4

Table 3o Yetfigitt.

29| BYAYEL

MDO
v

Addition emulsifier

Shaking (3~5min)
¥

4

Addition bio oil
v

Homogenizer(3min)
v

" Ultrasonic generator(3min),,

' Measurement of electrical conductivity |
!
\7 v v
{ | Observation at 50C | [ Observation at 50C | | Observation at 50C |

Fig. 4. Preparation process of emulsified fuel.

Test item Unit Property Method
Net calorific value J/g 41,060 KS M 2057:2006
Gross calorific value J/g 43,670 KS M 2057:2006
Element analysis (H) Weight % 11.51 ASTM D 5291:2010
e KS M ISO
Water (Distillationmethod) Volume % 0.5 3733:2008
Sulfur (High temperature | o 0y o 0.15 KS M 2414:2006
method)
. KS M ISO
Ash Weight % 0.012 62452003
Density(15C) Kg/m?® 923.6 KS M 2002:2006
. . KS M ISO
Sediment Weight % 0.06 3755:2003
Copperplatecorrosion B .
(100°C, 3h) 1 KS M 2018:2007
Flash point(Cleveland QC 104 KS M ISO
Open CupTester) 2592:2007
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Table 4. Specification of test engine
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5 ofdHd 04537} H}O]QRO‘O] 10% 74
odd dAmrHot NOx HiEZol 27 © ZA
Uebdth Fig. 62 2,000rpmoflA Hshe]] w2
NOx sE5 Yetdl Zdd, Hsp7t S71daE
NOx9| wWi&skrl S7t5he Aoz Uvegoyt
Fig. 5°] HlejAE Hopo mE NOx F7HEo]
A e 2,000rpmeflA 100% st A
£ MDO 928 AHg3lS o <F 500ppm 7}
O Fig. 59 1,500rpmollAl 100% +Hotd o}
860 ppm Hrth= 25| EolE 218 U
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ITEMS Specification
Fuel supply system DI-injection(in-line)
Max power 240kW (340PS)

Max torque

1421N.m(145kg.m)

Fuel consumption

186g/kW.h (143g/PS.h)

Bore x Stroke

123(4.84) x 155(6.10)mm(in.)

Displacement

11.051 ¢

Cylinders

6
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Fig. 5. NOx concentration on the load of
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Fig. 6. NOx concentration on the load of
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Fig. 7. NOx reduction on each load.
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Table 5. The effects of exhaust gas and power on emulsion fuel

2000rpm | MDO Emulsion 10% Emulsion 20%
Toraue SMOKE | PWR_PS(PS) | SMOKE | PWR_PS(PS) | SMOKE | PWR_PS(PS)

d (FSN) *K_ISO (FSN) *K_ISO (FSN) *K_ISO
10% 0.62 30.252 0.82 29.975 0.91 29.413
25% 0.81 75.987 0.65 75.457 0.58 74.798
50% 0.72 151.459 0.37 150.971 0.32 149.876
75% 0.95 226.523 0.38 225.154 0.31 224.357
100%(Full) 0.81 317.668 0.35 282.341 0.32 267.565
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