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Abstract— The research paper aims to develop the process of generation technology using neat Jatropha Curcas Oil
(JCO) as diesel engine fuel. In this paper, an experiment on a four-cylinder diesel engine generator is carried out. The
research is started by development of fuel oil processing technology from Jatropha seed. The phosphorus, which is
forming as phospholipids in Jatropha oil, was removed up to about 10 ppm by water degumming method. The
development of power generation technology by straight use of Jatropha oil in diesel engine has been performed. The
result is shown that operating conditions of medium size diesel engine with the Dephosphorized Jatropha Oil (DJO)
were stable. The effects of DJO on the engine performance, durability and exhaust gas emission had been investigated.
The Oxides of Nitrogen (NOx) and Carbon Monoxide (CO) concentrations in exhaust gas of diesel engine with
Jatropha oil were lower and higher, respectively, than that of the light oil. The combustion has been improved by
raising the fuel injection pressure. The result of the overhaul consideration after long time 300 hours durability test is
shown that engine main parts related to the fuel combustion are till in normal functional conditions. Finally, this
research experiment confirms that diesel engine generator can be operated by hundred percent of DJO with respect to

some moadifications of engine cooling system.
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1. INTRODUCTION

Due to the depletion of the world petroleum resewand
the increasing of exhaust gas, further efforts ba t

In present experiment, Jatropha oil is a promising
alternative fuel that can be used in diesel enginee its
properties, except viscosity, are similar to thokdiesel
fuel. This viscous oil has been studied in variowsy/s.
Some researchers have investigated the viscositfieof

research to seek for new energy and reduce theusikha light/Jatropha oil blends to be used in diesel ead#]-

gas emission have been made to fulfill the hugegsne

demands today [1]-[3]. From this aspect, biofuek ha

been discovered as the most promising fuel for gner
production and emission reduction.

Jatropha oil has various uses. Apart from its sa a
liquid fuel, the oil has been used to produce saag
biocides (insecticide, molluscide, fungicide
nematicide). The oil can be directly used in oldersel

engines or new big motors running at constant spee

and

[7]. It is shown that the viscosity of the blendlasv as
much proportion of diesel fuel is contained. Duéhigh
viscosity and the present of wax and gum, raw jdteo
oil as such cannot be used in diesel engine prp &l
An approach to use it appropriately is considered t
JCO must be de-gummed before it is supplied teesedli
engine so that why the simple dephosphorization
rocessing technology was developed to remove gum i
he oil through an examination test devices and atds

(e.g. pumps, generator), blending with fossil diese ; ;c-hieve an expected aim.

and/or other fossil fuels belongs to options ad.vildie

oil can be transesterified into Jatropha methyérssthat
can be used in conventional diesel engines witiptada
parameters.
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The objective of this research paper is to study th
development of power generation technology utiizin
hundred percent of JCO and to investigate behafian
unsteady power of diesel engine. The research was
covered the process of oil squeezing technology fitee
Jatropha seed, technology of removal phosphonm fr
Jatropha oil and the process of the generatiomtdoby
in order to operate engine by neat JCO. In thie,cas
preheating of the dephosphorous oil had been pteden
before it supply to the engine fuel system to avibie
difficulty of pumping. Diesel engine had been maatif
to be used in dual fuel, light oil and neat DJO.eTh
emissions, gum formation and injector deposits have
been observed in standard condition and in the tege
the injection pressure is increased about five grérto
sixteen percent. Engine overhaul was checked a@ér
hours running test to evaluate the effects of the
phosphors remaining in utilized JCO. Diesel engine
generator was also tested for performance compariso
between light oil and DJO. Experimental resultshsas
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limit of phosphorus content, brake specific fuel phosphorus from Jatropha oil and also developmént o
consumption (BSFC), thermal efficiency and also power generation technology by using DJO.

amount of exhaust gas composition during long t@nch
performance tests will be reported in the nextisast
Finally, the research and development of perforreanc As reported hereinabove screw press machine SRs100
and durability test of diesel engine generator gisin used for the experiments. The Jatropha seed sdpplie
hundred percent of JCO had been applied and achievefrom the seed hopper moves into the space of tlevsc

at the Institute of Technology of Cambodia. Baseoon  and the screw casing, where capacity becomes small
research plan, the development of biomass gasditat heading for exits, and Jatropha seed is compressed
devices are under construction in objective to mix between its. The screw casing is a slit where t@hns
combustion between Jatropha oil and biogas producedquare sticks were combined like the cylinder, &l
from Jatropha squeezing cake and other mixturesiatropha oil is squeezed from this space. Jatroplde
consisting of agriculture wastes that are availaible oil squeezed contains fine residues of seed cdkis. |

Squeezing process

Cambodia. naturally precipitated spending at least three daye
supernatant is filtered with the cloth while natlyra
2. EXPERIMENTAL SETUP precipitating. The Jatropha seed cake is defechted

small shape if thérequency of squeezing oil increases.
This cake contains various toxins and is therefooe
usable as fodder. However it is useful as fertilizehe
seed cake can serve also as feed for biogas produict

The pilot plant is composed from six units: oil gging
machine, de-phosphorizer, filter press machinesalie
engine generator, switch board and Jatropha seast ro
machine. The new model of SP100 screw press maChinSasifier
was us_ed for the_ 0|I_pressmg from Jatropha seée. T Seed heating before oil squeezing was conducted
squeezing capacity is 80 to 100 kg seed/h. The debecause it was reported that oil and the proteparste
phosphorizer type BDK-100S was used in researdt pil when the temperature of the seed is adjusted 6 @60°
plant with capacity of 130 L, powers supply AC200V

with a 30A for heating resistance and together With renfzg?er:(; vierICrP:)Vtgse ?L%teel)?hgﬁgtau;fzf?r?g d(i)(lal pirric]gessm
kW of agitator motor. Jatropha oil filter pressing y Imp ' 9 59

machine was used to screen small debris and othe azzlng through roasting unit was used for heatiiteg

undesired substances from oil before putting itfuee
into engine. The filtering capacity is 100 to 150.L

A four-cylinder water-cooled turbo diesel engine
generator developing 40 kW power at 1500 rpm was
equipped in pilot plant. Power output from the uhiat
joining to the switch board unit are installed wittain
circuit breaker for supplying electricity to all\dees and
connected to four heating resistance loads of five
kilowatt each. A several thermocouples are arrartged
the generating sets for recording all necessarya dat
values from the heat. These sensors are connertbe t
digital data acquisition interfaces “Data logger 600"
for recording and documentation. An exhaust gas
analyzer “Testo 350" is also interfaced to datagkrgfor
measurement of exhaust gas composition. Jatropth se Dephosphorization process
roasting device had been reserved for heatingebd by
using an extra-heat from exhaust gas during diese
engine operation.

Experiments were initially carried out on dual fuel
diesel engine generator. Light oil is used to start
warm engine for maintaining the temperature of icapl
water about 80°C. The last one is used like heat-
exchanger for heating DJO as fuel before it switnhto
fuel injection system. Light oil is also resuppliem the
fuel injection system at the end of diesel engine
operation for cleaning DJO from the fuel systemavoid
any difficulty in starting process of the next cgt@rn.

It is noted that the efficiency of squeezing oiliis
range of 80%. In average, for Cambodian Jatropbd,se
oil yield in the seed is equal to 36% by weighte deed
roasting at 70°C to 100°C is effective to improlve bil
press efficiency. The time squeezing is also rediucgl
can be hardly squeezed at second or third time
processing. But it is preferable to squeeze oibby time
at best seed condition from the viewpoint of theveo
consumption, in average 0.05 kWh/kg seed, fortype
of oil pressing machine. Particularly, oil squeeggzin
efficiency is depended also from the quality of Heed
collected, from the types of squeezing machinefeo
qualification of the operator who managed this work

I'I'he phosphor removal process was examined using the
water degumming method, basically by adding water t
the Jatropha oil and exhausting phosphorus witindra
This method had been developed in laboratory dwale
joint researchers from National Institute of Advedc
Industrial Science and Technology, Japan and ITC.

In pilot project, the amount of JCO after firstriiition
was poured into dephosphorizer. Qil is preheated an
stirred by machine agitator for about 20 minutesetich
a temperature 70°C. After that, the amount of wgget
by weight regarding to JCO) must be added like stow
into JCO. Afterward, the temperature of 70°C was
3 DEVELOPMENT OF THE FUEL OIL g10ain'gained and the process of ag_ita;ion is conn'@u’ld_)r

PROCESSING TECHNOLOGY 0 minutes at 180 rpm. Dl_mng thls time the emuﬁsm_tﬁ

oil and water was formed immediately. For separatib

The reference [9] had been reported the methoddlgy waste water from oil the agitation was stopped tired
development of the fuel oil processing technolognt mixture was left for 30 minutes at the room tempee
Jatropha seed, development of removal technology ofAfter that the drain water with soluble substanees
drawn out from the bottom of dephosphorizer. Watas
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added three times for one dephosphorisation expatim cylinder was disassembled to examine the situadibn
The second and third washing were done with theesamthe fuel injector nozzle. The results showed thad t
process as the first one. The samples of DJO amidedt  abnormal carbon sedimentation inside of engine and
water after each washing process were obtained foobstruction of jet pressure of fuel injector nozalere
measuring its phosphor content. In pilot scale DO not recognized. For long term durability and
filtered second time by press filter before it asediesel  performance tests a 16% of fuel injection pressise
engine fuel. (25.0 MPa) was adjusted. This choice is done dui¢ to
Project experiments provided the results as follgwi  good fog spray injection which improved the comimrst
crude oil after seed squeezing contained phospbmuta  of heating DJO.
1328 ppm, then this amount is reduced to about®Bd p
and to around 10 ppm respectively for Jatrophaefibre 5. DURABILITY TEST
and after dephosphorization. The experiments wer
confirmed that the amount of around 10 ppm of phosp
remained in oil is satisfied to be used as fuetliesel
engine without any troubleshooting.

eFrom the result of the combustion improvement dred t
collection of the basic data in the JCO raisingl fue
injection pressure improved fuel injection chardstees
inside of engine. It was confirmed that the CO dgris
Production cost analysis fall down by the improvement of the incomplete
combustion; the NOx density is increased by rigimg
combustion temperature.

The long term durability test was carried out imsth

According to the quality of Jatropha seed for tHeole
process, in average, we need 4 kg seeds for progldci

kg DJO. In Cambodian market the price of Jatro S . . . . .
isg around 0.175USS$/kg seed. 'FFhe labor (fggj forpnot project. The duration of the test is 300 reowith

producing DJO is estimated to 0.02US$/kg seed. Asproximately constant load equivalent to 20 kW okpo

mentioned hereinabove we spends in average O'O%i?fggtr:tcl)?rtlhJ?jelpg;pgfﬁaagtthzseesr;iI:s;t(())nIr{:\\:gmgaz
kWh/kg seed, so electricity cost is equal to 0.0125 9 ngm

US$/kg seed. And for the mass production we colsat a components. Engine had been running consecutively
. o from eight to ten hours per day. The test cond#tioere

for the equipment amortization that costs aboutthe same as mentioned hereinabove. Light oil igl tise

0.005US$/kg seed. Finally, including some other - 19

. starting and ending the operation and in the reimgin
expenses (0.005 US$/kg seed) for producing 1 Kl . ; :
we spend around 0.87 US$. This price is considerec}Ime engine was running by neat DJO.
high. We expect that it will be decreased in tertrew  Results and discussion
the price of the seed reduces with growing of jditao

plantation against the price of fossil fuel. Table 1 shows the long term test result of exhgast

temperature and four kinds of exhaust gas emission
4. DEVELOPMENT OF POWER GENERATION respectively such 0, T10x, carhon dlaxice ghand
TECHNOLOGY USING DJO ygen (Q). For comparison, in average the exhaus gas
temperature of JCO measured at exhaust gas manifold
In this experiment diesel engine generator was fimatli  increased around 39°C regarding to which of lightlb
to be used dual fuel system. Light oil is suppliediesel is reasonable, because the high viscosity and &Etane
fuel system directly while DJO was oriented for g number of JCO provoke the late pre-ignition andmmai
by heat exchanger. A special faucet is installed fo combustion. In consequence, the retardation of main
changing fuel supply from light oil to Jatropha aitd combustion results to remain more fuel burnt ae lat
inverse. Cooling water with operational temperature combustion.
varied from 70°C to 85°C exited from engine head
cylinder is flown through heat exchanger and exgedn Table 1. Data of exhaust gas emission in average
heat with DJO before entry back to radiator.
Experimental data records are shown that duringetlie
engine operation the temperature of DJO was ina@eer Light _\
50°C, when the temperature of cooling water in heat| 5 | 225 499 | 5.54 | 1432 250°C
exchanger reached above 80°C. In consequence, th pjo | 425.9 | 4252 6.0 133 289°C
kinematic viscosity of JCO at this time was lesant!30

mn¥/s. The value of kinematic viscosity is considered The Figure 1 presented more details about evolation
decrease to around 20 rfimin instant of fuel jet from exhaust gas emission during long term durabilitst.te

injector nozzle into engine cylinders. . The amount of CO emission for engine running by DJO
_ Engine combustion has been improved also by risingig higher than which of the light oil, but it isistimited
injection pressure. In experiments, we changed thenqer standard environmental requirement (500 ppm).

injection pressure two times. Injection pressure is\ye opserved that the amount of CO became higheeat
increased by adding the thickness of injector digs  ong of long time testing period. Some time it wised

shim. Engine was operated using neat DJO by sténdary, giandard limit value. This explained the incoetel
fuel injection pressure (21.6 MPa), then by 7% &68  compustion due to some formation of the gums in
pressure rising respectively. New injectors Wwith iyiactor nozzle and due to effect of viscosity 61 The
corresponding pressure adjustment were changed aftqyox emission of DJO is decreased compared to tight
every 40 hours engine review check. An engine headrhe |ower combustion temperature results the réafuct

Fuel CO, NOx, C0O2, 02, Exhaust gas
type | [ppm] | [ppm] [%] [%] | temperature
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of NOx emission. CO2 emission is an exhaust gasoverhaul of engine after long running time wasaéd

producing by the fuel oxidizing reaction. The ambah

us to recognize the effect on inner engine compisnen

CO2 increases due to increasing of the mass of DJQrigure 2 shows that the gums were found only around

consumed. Oxygen content in the exhaust gas isete
of O2 in the combustion reaction. For this experitne
the amount of O2 contained in the exhaust gas @f 3J
lower compared to the light oil.
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Fig.1. Evolution of exhaust gas emission during dutality
test.

Fig.3. State of top side of pistons after overhaul.

During long time durability test engine was opedate
smoothly, no any troubleshooting was found. The
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injector nozzles in small quantity. Separated igec
were checked for injection spray by manual injettio
pump. Injection spray was in good condition for all
injectors, obstruction of nozzle holes was not fhun
Besides that, as shown in Figure 3, the inner sile
combustion chamber and top side of the pistonstilie
cleaned. That means the gums caused by phosphorus
content in oil are reduced and the remaining wasitbu
by high combustion pressure. The other components
related to combustion chamber were in normal
conditions.

6. PERFORMANCE TEST

The long term durability test was surely confirntbdt
diesel engine can be operated by DJO. Performamte a
exhaust gas emission tests were pursued an expgrime
for comparing the results of engine performance and
exhaust gas emission. Diesel engine generator was r
on constant speed 1500 rpm using light oil and Bd®
the variation of the power output. Four resistances
heaters and one heating resistance of dephosphorize
were used as the engine loads corresponding résglgct
to 20, 35, 50, 65, and 80 percent of engine lodtie
data of exhaust gas emission such as CO, NOX,
Hydrocarbon (HC), CO2, and O2 were recorded by
exhaust gas analyzer during performance test period

The main properties of diesel and Jatropha oils are
given in Table 2, as in [6]-[8]. The results shdwttthe
calorific value of the vegetable oil is comparatiethe
diesel oil and cetane number is slightly lower tlha
diesel fuel. However, the kinematic viscosity ofQ&
several times higher than the light oil.

Table 2. Fuel properties

. . .| Jatropha |
Dy a
Properties Light oil Cureas oil
Density at 40 °C, [g/em’] 0.8253 0.933
chznmtlc viscosity at 40 °C, 315 344
[mm®/s]
Calorific value, [MJ/kg] 42.7 38.2
Cetane number 51.5 38
500 - —— Light oil
. —=DJO
— 400 —
§ .\\‘___»\7\
% 300 ‘\“;—:\:
8 200
@
2 100
“ T T

20 35 50 65 80
Brake power, [%0]

Fig.4. Evolution of brake specific fuel consumption.
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Results and discussion of the performance test Results and discussion of emission test

The performance of the diesel engine was evaluisted The Figure 7 shows that CO emission levels aredrnigh

term of brake specific fuel consumption, brake tidr  with DJO as compared to light oil at all loads. The

efficiency and exhaust gas temperature. concentration of CO is become higher with increased
The figure 4 compares the BSFC of light oil and DJO load on the engine. It is noted that for the pennce

at varying brake power loads in the range of 82kW/. test the maximum value of CO emission is around 382

It was observed that the specific fuel consumptfrthe ppm. The amount of CO concentration for DJO is too

light oil as well as the DJO were decreased withhigh at low brake power load. It is due to low

increasing of the loads. The fuel consumptionsddO temperature of cooling water in this condition that

were found higher for about 19% compared to lighino  effected to viscosity of DJO and in consequence the

the entire load range. This is mainly due to thenlcimed combustion was not complete.

effects of the relative fuel density, viscosity amehting

value of the oils.

450 -
400 — —=
45 - 350 ————— e e
= T 300 —"
g 40 =
£ 35 r____ﬂ_*ff: E 250 F——
E- 30 ;’//*—ff“ S 200 —
£ s / 150 : :
% = 100 —— nght oil ——
- = 50 —--DJO |[—
E 15 —— Light oil 0 . 1 . ; |
= 1: - DJO 20 35 50 65 80
[=]
0 . . . . Brake power, [%0]
=0 35 S0 63 a0 Fig.7. Evolution of CO emission.
Brake power, [%0]
Fig.5. Evolution of brake thermal efficiency. 800
700 =
The variation of brake thermal efficiency of thegare — 600 g
running by light and Jatropha oils is shown in F&6. E 500 s
From the test results it was observed that injtiafith 400 —— =
increasing of brake powers the thermal efficienaés g 300 = = —— Light oil
both fuels were increased. The efficiency of DJMbis 200 —a DJO
for about 8% with large deviation at high load camgul 100
to light oil. This is because of it low heating waland its 0 - r - r -
poor combustion which reduce the ability to contbe 20 35 50 65 80
energy from the oil. Brake power, [%6]
_ Fig.8. Evolution of NOx emission
E‘ 400
,f 350
£ 300
2 250 - 160 . —— Light oil
- e 140 == —=— DJO
§ 200 —— ey T
2 150 = e
2 100 —— Light oil E 100 = —
= - DJO | B B
E 50 d ig \ e ®
4] 0 T T T T 1 - 2
20 3s 50 65 80 40
Brake power, [%0] 20
0 T T T
Fig.6. Evolution of exhaust gas temperature. 20 15 56 65 80

The Figure 6 shows the variation of exhaust gas Brekcpemer: []

temperature with loads in the range of 8 to 32 kW f Fig.9. Evolution of HC emission
light oil and DJO. The results show that the exhgas o _ _
temperatures increased with increasing of brakeepdanv The NOx emission is related to the combustion

all cases. Exhaust gas temperatures of each faeh@r temperature. Higher combustion temperature givesemo
so much different, this shows that most of the fugin NOx emission. The Figure 8 shows that the values of
in the main combustion and they have similar NOx emission for light oil and DJO are close eagh t
combustion temperatures. For records these values aother. These values are increased with increadirigeo
started from 150°C to 368°C respectively for 20% toloads. The values of NOx were varied from 231 ppm t
80% loads. 701 ppm respectively for 20% and 80% loads.
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The HC concentration found in exhaust gas is shownresults which is proven that the higher BSFC and lo

in the Figure 9. Jatropha oil exhibits higher HC
emissions compared to standard diesel operatios.i$h

thermal efficiency of DJO are proportional to it
properties as vegetable fuel regarding to fossél,fu

because JCO have higher viscosity which causes poowhereas an exhaust gas temperature was presemrted th

atomization. The poor atomization leads the incatepl
combustion and increases more unburned fuel inwestha
gas. The gap of HC density between these two kifids
fuels is in average 22%. The Figure 9 shows fohbot
fuels the drop of HC density when loads are inerdas
For DJO it changes from 149.4 ppm to 82.24 ppmevhil
for light oil the variation is from 124.37 ppm t®.@
ppm.

An evolution of the CO2 and O2 emissions with
variation of the power loads is shown in Figure The
concentrations of the CO2 for light oil and DJO are
similar. The values of CO2 for both fuels were gased
from 3.04% to 7.51% with increasing of the loads
respectively from 20% to 80%. In inverse, the valoé
oxygen for the both fuels were decreased with asirey
of the loads. The amounts of O2 emission for batHsf
are very close each to other in range of 16.73%2086

similar evolution with the loads. The results ofigsion
test were also acceptable. The amount of NOx, HQ2,C
and O2 gases were very close each to other fortheth
fuels, except for CO emission that shown higheloat
power load. As mentioned hereinabove it is not esce
382 ppm. This result seems better comparing toevalu
recorded at durability test.

The durability and performance tests are fully
confirmed the possibility of straight wuse of
dephosphorized Jatropha oil as alternative fuali@sel
engine generator. The research and development is
continuing to improve the combustion technology and
energy efficiency from Jatropha seed oil.

For improvement of the combustion we recommend
that the viscosity of DJO should be reduced moems th
indicated value by modifying heat exchanger. This
change is not caused any damage for diesel engiste,

load and around 10.71% for 80% load. This shows theto extend the flown time of DJO in heat exchanger.

regular proportion of the combustion product aftexl is
burned with oxygen in air.

—— Light oil (CO2)
—— DJO (CO2)
—+— Light oil (02)

« DJO (02)

20 35 S0 65 30

Brake power, [%6]

Fig.10. Evolution of CO2 and O2 emissions.

7. CONCLUSIONS

An experimental investigation was conducted to
explore the performance of Jatropha oil in diesgiree
generator. The improvement results show that nogsti
seed is squeezed efficiently. Jatropha crude ail loa

extracted 30% by weight from the seed. Phosphor

remaining in DJO was around 10 ppm. It has been
removed by development of water degumming method.
The combustion has been improved by rising injectio

pressure for 16%. The kinematic viscosity of DJGswa

reduced to around 20nffa by using the heat released

from cooling water that allows engine operated
smoothly.

The results of exhaust gas emission during dutgbili
test show that only the amount of CO concentratoyn
DJO was higher than which of light oil, but it islls
acceptable for this kind of machine. The valueghaf
other exhaust gas emission for DJO are comparaitie w
light oil. Overhaul check has been done and shdwb t
the engine components are still in normal operation
conditions.

The engine performance test provided us very sadisf
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As mentioned before, we advise to use DJO as fuel f
diesel engine generator. In this case we can ieserea
energy balance by using biomass gasification from
Jatropha seed cake to mix with DJO for running aelies
engine generator. The development of generation
technology by mixed combustion of biomass fuel from
JCO and Jatropha seed cake is being experimented.

In the near future, we expect that with increasifighe
price of the light oil Rural Electrification Entregneurs
(REE) in remote areas, where Jatropha seeds are
available, will refer to use straight DJO or biosas
gasification in their power plant to generate eleity.

We estimate also, when DJO production is grown, in
term of industrial scale, widely practical applioas of

DJO will be suitable for many kinds of agricultural
machines with modification of diesel engine fuepsly
system.
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