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Abstract. Nowadays, the diesel fuel is m ore ne cessary for m any hum an ac tivities, for example, transportation,
manufacturing industries, and also the produc tion of electricity . Rising fuel price is creating flown-on effects in almost
every economy and society . For Thailand, this tends to be a big problem that can be solve d ifficultly. Therefore, this
research aims to increases the way of renewable energy usage by using the transformer reused oil, which has no value, to
substitute the diesel fuel for the generator and evaluate the environmental impacts from the combustion test. The scope of
this study focused on th e performance evaluation and th e deterioration of 25 kilowatt diesel g enerator when using the
transformer reuse oil as the fuel, and running the test at 15 kilowatt or 60% of load heater for 200 hours discontinuously.
The results of this experiment suggested that the performance of transformer reused oil is better than the diesel fu el at
normal wear rate on the engine part due to higher temperature operating condition. The fuel consumption for transformer
reused oil w as 0.34 liter /kilowatt-hour, while the fuel consumption for diesel fuel ~ was 0.38 liter/kilowatt-hour.
Furthermore, the good combustion and no black smoke combustion help preserve the welfare of environment.
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1. Introduction

Rising price of diesel fuel leads to th e increase of
living cost and impacts country’s economics. One necessar y
requirement for living is the electricity. The production cost of
electricity also depends on the  fuel pric e. At pres ent, th e
Provincial Electricity Authority (PEA) produces the electricity
by using diesel generator, whic h us es dies el oil as the fu el.
Therefore, electricity m anufacturing cost is up f ollowing the
fuel cost at 8-10 baht per kilowatt hour. Unfo rtunately, PEA
still needs to sell the electricity as th e norm al price which
causes some loss to the organization.

For solving this problem, this research aims to study
how to reuse th e used transfor mer oil, which needs to throw
way after its working period, to substitute for the diesel fuel to
run the gen erator. Curren tly, PEA has sold the used
transformer oil t o the priva te or ganization at 5 baht per liter
for making the house colors. But, if this research is success, it
could rep lace t he dies el fuel which cost 30  baht per liter.
Furthermore, with 600,000 liters of u sed transformer oil in
PEA’s materials store, this could save about 18,000,000 baht
per year on the electricity generation cost.

2. Research Methodology

The meth odology of this research divides into 3 p arts.
First of all, a 25 kilowatts diesel generator set (show in figure
1) was selected and run the performance test with transformer
reused generator oil as the fuel. The result of the test shows in
table 1. The diesel engine was set to run at 60% of load heater
at the speed of 1500 rpm. After that, the data acquisition was
turned on to record the test result every 30 minutes for 8 hours
for 25 day s or 2 00 hours discontinuously in order to ev aluate
the v alues of fuel consumptionin liter pe r kilowatt-hour.
These res ults were als o com pared with th e genera 1 dies el
generator set.  Second, th e balances of plant of the s ystem
were recorded consisting of the exhaust gas temperature, the
cooling water temperature and the inlet fuel temperature, as
well as the di esel genera tor’s pressure. Atomic Absorption
Spectroscopy ( AAS) (as sho w in figure 2) and Dielectric
Strength machine (show in figure 3) were used to evaluate the
wear rate of the engine based on the change in electric currents

at the inlet valve, outlet valve, compression ring, connecting
rod bear ing af ter 200 hours r  unning per iod. Finally , air
pollution such as carbon monoxide (CO), hydrocarbon (HC)
and black smoke were measured to evaluate the quality of the
combustion and confirm that this replacement method is still
follow the s tandard of air pollution for the h eavy duty diesel
engines level 3 (TIS. 1295-2541) (show in table 2).

Fig.2 Atomic Absorption Spectroscopy (AAS)



Fig.3 Dielectric Strength Machine

Table 1. Characteristics of diesel generator set

(1]

Diesel Generator Set

Details

BRAND FORD 2711E RANGE
ENGINE 4 CYL.
MODEL NUMBER 2711E
TYPE — OVERHEAD DIRECT INJECTION
VALVE DIESEL
BORE 107mm. (4.22in)
STROKE 115mm. (4.52in)
CAPACITY 4150cc. (254in%)
MAX. B.H.P.
OVERLOAD 71 at 2500 rpm
CONTINUOUS 64 at 2500 rpm

MAX. TORQUE (LBS. FT)
OVERLOAD

178 at 1600 rpm

CONTINUOUS 160 at 1600 rpm
COMPRESSION RATIO 1:16
FIRING ORDER 1-3-4-2
VALVE CLEARANCE AT | INLET 0.381 mm. (.015 in)
NORMAL WORKING EXHAUST 0.305 mm. (.012
TEMPERATURE in)
LUBRICATION SYSTEM | PRESSURE FEED BY BI -
TYPE ROTOR TUPE PUMP

2.11 kg./sq.cm. (30

OIL PRESSURE (MIN.) 1bs./sq.in.) at 1600 rpm.
OIL TEMPERATURE 74°C - 116 °C (165 - 240 °F)

3. Result and Discussion

Prior to the test, the transform er used oil pre paration
need to be perf ormed. This oil was run through the oil filter
machine to screen out any contaminant or large particle. Then,
the oil w as filled into the tank and prepared for the t est, as
shown in figure 4. Figure 5 illustrates the bottle of diesel oil,
transformer oil, and used transformer oil, consecutively.

Used
transformer
oil

To pass the oil
filter machine

To contain
transformer
reused oil in

tank 200 liters

Table 2. EU Emission Standa rds for HD Diesel Engines,
g/kWh (smoke in m™")

Tier Date Test co HC NOx PM

Smoke
Euro I 1992, < 85 kw ECE R-49 4.5 11 8.0 0.612
1992, = 85 kw 4.5 11 8.0 0.36
Euro IT 1896.10 4.0 11 7.0 0.25
1898.10 4.0 1.1 7.0 0.15

Fig. 4 Preparation process for transformer used oil

Euro IIl | 1999.10, EEVs only | ESC & ELR 1.5 0.25 2.0 0.02 0.15

2000.10 ESC & ELR 2.1 0.66 5.0 0.10 0.8
0.132
Euro IV 2005.10 1.5 0.46 3.5 0.02 0.5
EuroV  2008.10 1.5 0.46 2.0 0.02 0.5
Euro VIT  2013.01 1.5 0.13 0.4 0.01

+ Proposal (2008.12.16)
s - for engines of less than 0.75 dm® swept volume per cylinder and a rated power speed of more than
3000 min'




Fig. 5 Diesel oil, transformer oil and transformer used oil

After 200 hours test period, the results show that when
using the trans former reused oil as fuel, the diesel generator
consumes 1,080 liters in ord er to gen erate 3,160 kilowatt-
hours electr icity or about 0.34 liter/k  ilowatt-hour for fuel
consumption. During the period of the tes t, the diesel engine
works nor mally without overheate d. On the other hand, the
general diesel generator set consumes about 0.38
liter/kilowatt-hour at the same running condi tion. Accord ing
to, if palm oilis used asthe fuel for the generator, it will
consume about 0.42 liter/k  ilowatt-hour™™. Th us, using the
transformer reused oil gives capability better than others.

The rel ationship between the p ercent of load heater
and the rate of fuel consumption of diesel oil an d transformer
reused oil is show in figure 6. A's can be seen from this graph,
the rate of fuel consumption of diesel generator is higher than
that of transformer reused oil at all the percent of load heater.

The Rate of Fuel Consumption
a2

Fig. 8 Exhaust valve measurement

Table 3. The results of inlet valve measurement before test run

Piston | Piston | Piston | Piston
no. 1 no. 2 no. 3 no. 4

o2

o 0% W% % an% 0% 6% 0%

Percent of Load Heater

=+~ Diesel fuel
—o—  Transformer reused ol

Fig.6 Relationship of fuel consumption and the percent
of load heater

Next, the engine parts’ deteriorate during test run was
observed by photographs, and measurement, which show that
the wear rat e of the equipm ents. For example, the m easuring
of the inlet and exhaust valve is shown in figure 7 and figure
8. T able3 and4il lustrate the resul tof theinle tv alve
measurement before and after t he test run. As canbes een
from these tab les, th e wear rate of the component are
insignificant and considered to be normal for the diesel engine
operation.

List of measuring items IN IN IN IN
1. Valve stem (mm) 9.47 9.47 9.47 9.47
2. Valve guide (mm) 9.52 9.51 9.53 9.53
3. Clearance (mm) 0.05 0.04 0.06 0.06
4. Valve face (mm) 2.00 2.00 2.00 2.00
5. Valve edge (mm) - - - -
6. Valve seat (mm) 2.10 1.70 2.00 1.90
7. Valve size (mm) 3470 | 34.66 | 34.70 | 34.66
8. Valve Height (mm) 57.55 | 58.00 | 57.55 | 58.00

9. X-axis of valve size

45.15 | 45.08 | 45.10 | 45.11
(mm)

10. Y-axis of valve size

45.10 | 45.14 | 45.09 | 45.10
(mm)

Table 4. The results of inlet valve measurement after test run

Piston | Piston | Piston | Piston
no. 1 no. 2 no. 3 no. 4

List of measuring items IN IN IN IN
1. Valve stem (mm) 9.43 9.43 9.43 9.43
2. Valve guide (mm) 9.46 9.46 9.5 9.5
3. Clearance (mm) 0.03 0.03 0.07 0.07

4. Valve face (mm) 2.00 2.00 2.00 2.00




5. Valve edge (mm) - - - -

6. Valve seat (mm) 1.75 1.75 1.75 1.75

7. Valve size (mm) 34.70 34.66 34.70 | 34.66

8. Valve Height (mm) 57.55 58.00 57.55 | 58.00

9. X-axis of valve size

45.15 | 45.08 | 45.10 | 45.11
(mm)

10. Y-axis of valve size

45.10 45.14 | 45.09 | 45.10
(mm)

The exhaust gas of diesel g enerator set with transformer
reused oil as the fuel were evaluated when the system was run
at 0%, 10% ,20%, 30% and  40% of its load. Figure 9
illustrates the result of this test. From this graph, it shows that
carbon monoxide (CO) isin  creasing p roportionaltoth e
percent of lo ad heat er, while nitrog en oxide (NO ) is
disproportional. However, both CO and NO, generation of the
reused oil are still lower than those of gener al diesel engine
combustion. Furthermore, the level of sulfur dioxide (SO,) has
not been det ected from the exha ust gas of this reused oil.
Therefore, this result encourages the use of this substitute fuel
due to the environmental friendly of its running conditions.
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Fig.9 Comparison the quantity of gas with percent of load
heater diagram

4,  Conclusion

The result of th e test run of the transformer reused
oil guaran tee th e same or even better per ~ formance of the
generator set. The reused oil ~ generator consumes less fuel
during the electricity generation without overheated. The wear
rate of th e mechanical parts inside the gen erator was norm al.
Moreover, the exhaust gases of this sy stem contain fewer
amounts of carb on monoxide (C O) and nitrog en oxide (NO )
than d iesel fue 1us age and have no sulfur d ioxide (SO ,)
detected. It has no black smoke , which m eans that the fuel
consumption for transformer reu sed oil has mor e benefits for
the environment following the aims of project.

Even if the transformer reused oil does not affect the
performance of the generator set and the w ear rate of engine
parts is normal, the good prepar ation of th ¢ used oil must be
concerned. All contaminant such as poly chlorinated biphenyl
(PCBgy) or particle larger th an 5 micron must be screen out of

the used oil prio r to the opera tion of the gener ator. The used
oil quality should be comparab le to the diesel f uel standard
that fol low Am erican S ociety for T esting and M aterials
(ASTM) standard™.
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