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INTRODUCTION

The use of biodiesel in compression ignition engines has
attracted global attention as it alleviates global warming
concerning the environment. Nevertheless, its low
temperature flow characteristic remains a major challenge
when used as a substitute for petroleum dieselin cold places
such as highlands and areas with moderate temperatures.
The use of biodiesel blends could possibly cause fuel
starvation and operational issues at low temperatures
as solidified materials could clog fuel lines and filters
due to their high content of saturated components (Joshi
and Pegg, 2007). Cold temperatures lead to a decrease
in fuel viscosity, and resulted in engine fuel supply and
performance issues (Dwivedi and Sharma, 2014). These
issues are more prominent in biodiesel deriving from
oils with high content of saturated fatty acids (Hoekman
and Robbins, 2012). Biodiesel tends to precipitate when
exposed to cold temperatures in the presence of unreacted
saturated monoglycerides that could lead to filter clogging
and injectors choking (Dwivedi and Sharma, 2013).

In order to protect end users, Malaysia has restricted
the use of biodiesel blends up to B7 (7% palm biodiesel
with 93% petroleum diesel) in three highlands, namely
Cameron Highlands, Genting Highlands and Kundasang,
while other areas are using B10/B20 (10% or 20% palm
biodiesel with 90% or 80% petroleum diesel).

BIODEISEL BEHAVIOUR IN COLD TEMPERATURE

The composition of fatty acid in oils plays a crucial role
in influencing the physicochemical characteristics of
biodiesel. For instance, the presence of high saturated
fatty acids significantly impacts properties such as cetane
number, cold filter plugging point (CFPP), kinematic
viscosity, density, cloud point (CP) and pour point (PP).
Properties of biodiesel can vary substantially from one
feedstock to another due to differences in their chemical
compositions. Palm oil contains 32%-47% palmitic acid

which is categoried as long-chain saturated fatty acid.
Their presence in palm oil feedstock give good oxidative
stability and less NOx emissions. Nevertheless, it will result
in poor cold flow properties which might be unsuitable in
cold climate conditions (Lanjekar and Deshmukh, 2016).
Figure 1 compares the fatty acids composition of common
vegetable oils as biodiesel feedstock.

Cold flow characteristics refer to the performance of
fuels at low temperatures which are determined by CP,
CFPP and PP. The higher the saturated fatty acids content
of biodiesel feedstock, the higher the CP and PP values
(Lanjekar and Deshmukh, 2016). Thus, palm biodiesel
may potentially experience low-temperature operability
issues, especially in cold areas such as highlands.

Neat palm biodiesel has higher CP and PP compared
to petroleum diesel (Nursyairah et al., 2022). Exposure of
the fuel to temperatures at or below CP for an extended
period causes crystals to grow and forms interlocking
networks, leading to fuel starvation and interruptions
in fuel flow (Kumar et al., 2016). Nevertheless, CFPP is
commonly used to assess low-temperature operability of a
fuel and predict the lowest temperature at which it will flow
freely through fuel filters in a diesel engine (Zoldy, 2019).

Two types of commercial diesel blends are offered
in the market, known as B7 and B10/B20. B7 is sold at
selected petrol stations as protection grade for diesel
vehicles that cannot use high biodiesel blends while B10
is available nationwide. B20 is only available at Langkawi,
Labuan and Sarawak (except Bintulu). Starting April 2021,
the Euro 2M petroleum diesel used to blend with palm
biodiesel was replaced by Euro 5 diesel. Figure 2 shows
that CFPP of Euro 5 blends are always lower than Euro
2M blends. Based on these CFPP values, we foresee that
up to B20 of Euro 2M and up to B30 of Euro 5 can be
used in highlands since their CFPP are way lower than
10.9°C, the lowest temperature recorded so far in those
areas (Nursyairah et al., 2021).
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Figure 1. Fatty acids profile of common vegetable oils for the production of biodiesel.
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Figure 2. Cold flow plugging point of palm biodiesel blends in Malaysia.

VEHICLE COLD TESTING USING BIODIESEL BLENDS
FUEL

Cameron Highlands as in Table 1. The diesel vehicles
ranged from old technology, featuring a mechanical
inline injector pump diesel engine, to more advanced

Climatic cold testing laboratory facilities at Proton and | models equipped with turbocharged common rail diesel

National Emission Test Centre, Rawang, as well as
actual testing at Cameron Highlands were conducted
on three types of diesel vehicles commonly found in

engines. Biodiesel blended with Euro 2M was used for
Vehicle 1, while Vehicles 2 and 3 were fueled with Euro
5 biodiesel blends.

TABLE 1. DIESEL VEHICLES FOR COLD TESTING USING BIODIESEL BLENDS

Vehicle 1

Vehicle type Toyota Fortuner
Engine type Direct-injection diesel engine
Fuel system Common Rail

Test fuel Euro 2M B7, B10, B20 and B30

Climatic chamber PROTON, Shah Alam

Vehicle 2
Toyota Hilux

Vehicle 3
Mitsubishi Pajero

Direct-injection diesel engine  4D56 engine Intercooled Turbo (TD04 Turbo)
Common Rail

Distribution type jet pump
Euro 5 B7, B10, B20 and B30
National Emission Test Centre, Rawang
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LABORATORY TEST

Laboratory test in cold chamber simulated the average
climatic conditions expected in Malaysia highlands
by continuously exposing the vehicle to ambient cold
temperatures for 6.5 hr without any fluctuations, replicating
day and night environmental conditions. Four temperatures
(20°C, 15°C, 10°C and 5°C) and eight biodiesel blends
(Euro 2M and Euro 5M: B7, B10, B20 and B30) were
used to analyse the performance of these diesel vehicles.
The complete vehicle was attached on the chassis

dynamometer in a climatic chamber with temperature
control from -40°C to 30°C (Figure 3).

Cold start performance was tested using CEC
M-11-T-91 method. Startability was defined as the ability
of the vehicle to start with standard starting procedures.
Vehicle using Euro 2M B20 could start at 15°C, but failed
at 10°C (Figure 4). Vehicle using B30 can only start at
>20°C. In contrast, vehicles with Euro 5 biodiesel blends
did not encounter any startability issues even at constant
temperature as low as 5°C.

Figure 3. Test vehicle in climatic chamber at Proton Shah Alam, Selangor, Malaysia.
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Figure 4. Startability of diesel vehicles using biodiesel blends.
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ON-THE-ROAD TEST

On the road test is required at highlands to check on
engine performance at actual environmental conditions,
which fluctuate during day and night. The test was
conducted at Cameron Highlands covering four different
routes: (1) downhill driving, (2) idling, (3) uphill driving
and (4) town driving (Figure 5) to ensure that all aspects
of actual driving experience were simulated, with a total
distance of 37.9 km per trip. The test route starts with a
500 m downhill stretch followed by a 5-minute idle period,
then climbs back up before continuing through city driving
and ending at the same starting location. This test route
mimicked the common routine of pickup truck collecting
vegetables and other goods in the morning for transporting
to lower areas.

All vehicles involving in the test performed well
with both biodiesel blends of up to B30 for Euro 2M

Euro 2M Biodiesel Euro 5 Biodiesel
10 B20 B30 :

and Euro 5 (Figure 5). Following the local driving
behavior, i.e. commuting early in the morning (5.00-
7.00 am) at average ambient temperature of 15.2°C,
no issues were encountered during engine start-up,
and the vehicles ran smoothly without any operational
problems.

CONCLUSION

Climatic laboratory studies showed that biodiesel blends
(Euro 2M) of up to B20 can withstand temperatures
starting at 15°C, while B30 at 20°C. For Euro 5 biodiesel
blends up to B30, no startability issues encountered during
the test. On the other hand, for actual cold climate testing,
on-the-road test revealed diesel vehicles using both Euro
2M and Euro 5 biodiesel blends up to B30 did not face
any technical issues. In conclusion, biodiesel blends of up
to B30 can be used in Malaysia’s highlands environment
without any operational issues.

Figure 5. Driveability of vehicles using biodiesel blends in Cameron Highlands.
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