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PALM DIESEL: AN OPTION FOR GREENHOUSE
GAS MITIGATION IN THE ENERGY SECTOR

CHOO YUEN MAY*; MA AH NGAN*; CHAN KOOK WENG* and YUSOF BASIRON*

ABSTRACT
The fast diminishing energy reserves coupled with increasing energy consumption as a nation develops and
greater environmental awareness have led to an intensified search for viable alternate sources of energy.
Natural and renewable resources such as vegetable oils can be chemically transformed into clean-burning
biodiesel. Biodiesel is a fuel substitute that is biodegradable and can contribute to alleviating environmental
pollution. Research and developmental efforts have demonstrated that palm diesel (palm oil methyl esters) is
a good source for energy production. Palm diesel produced using patented PORIM/PETRONAS production
technology has been extensively tested as a diesel substitute in a wide range of diesel engines including
stationary engines, passenger cars, buses and trucks. Palm diesel exhibits fuel properties comparable to those
of petroleum diesel and can be used directly in unmodified diesel engines. The production and usage of palm
diesel has great environmental impact with its closed carbon cycle. A fuel switch from fossil fuel to palm diesel
will contribute greatly to the reduction of greenhouse gas (GHG) emissions that lead to global warming.
Therefore, palm diesel production, because of its contribution to lower GHG emissions, can generate carbon
credits under the Clean Development Mechanism (CDM) of the Kyoto Protocol 1997. The financial incentives,
like the attractive carbon credit scheme, would bring about an additional positive impact on the economic
viability of palm diesel production as a renewable fuel. Furthermore, exhaustive field trials have also shown
that diesel engines running on palm diesel do not emit black smoke. There are also reductions in carbon
particulates, carbon monoxide and sulphur dioxide. The effort and initiative to utilize palm oil as an alternative

energy source are also in line with the Malaysian Government’s five-fuel diversification policy to include

renewable energy as the fifth fuel.
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INTRODUCTION

Three issues, the energy crisis in the mid 1970s
coupled with the fast diminishing energy reserves,
a greater environmental awareness and an increasing
energy consumption, have all led to an intensified
global search for viable alternative sources of energy.
In recent years, a great deal of attention has been
directed to plant-based resources for fuels,
particularly fuels for diesel engines. Vegetable oils,
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being renewable and biodegradable, have the
greatest potential as biofuel resources.

In 2002, the annual worldwide vegetable oil
production was about 97.8 million tonnes, with 29.9
million tonnes of soyabean oil, 25.0 million tonnes
of palm oil, 13.3 million tonnes of rapeseed oil and
7.6 million tonnes of sunflower oil (MPOB, 2003).
The production of biodiesel in European Union (EU)
countries and the U.S.A in 2002 was more than one
million tonnes and about 0.54 million tonnes,
respectively (Anon, 2003). Out of the world
production, 84% was from rapeseed oil, 13% from
sunflower oil, 1% from palm oil, 1% from soyabean
oil and 1% from other sources (Figures 1 and 2)
(Korbitz, 2002). Biodiesel is made from palm
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(Malaysia), coconut (Philippines), rapeseed (Europe)
and soya (United States) oils. If the choice of
vegetable oil depends on the cost of production and
reliability of supply, palm oil would be the preferred
choice. One reason is that oil palm is the highest oil-
yielding crop (4-5 t ha™ yr).

In line with international efforts in promoting the
use of green fuels to reduce air pollution, the
Malaysian Government has expanded its four-fuel
diversification policy to include renewable energy
as the fifth fuel under the Eighth Malaysian Plan and
the Third Outline Perspective Plan for 2001-2010
(OPP3). It is reported that Malaysia’s crude oil
reserves stood at 3.39 billion barrels in 2001. Natural
gas reserves also declined to 82.5 trillion standard
cubic feet (tscf) for the same period (PETRONAS,
2002). At the current rate of production, the average
lives for Malaysia’s oil and gas reserves are 16 years
and 32 years, respectively. If no new discoveries of
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oil wells are made, Malaysia will be a nett importer
of petroleum by the 2100s and thus alternative
renewable fuels have to be sought. Diesel
consumption in Malaysia in 2002 was 8.61 million
tonnes, 50% of that consumed by the transportation
sector (Ministry of Energy, Communications and
Multimedia, 2004). The diesel demand is expected
to increase steadily to keep pace with
industralization and growth of the economy. In
addition, the government initiative in promoting
renewable energy, especially from oil palm biomass,
has also been seen as a move towards another clean
and environment-friendly alternative fuel.

In the sixth edition of International Energy
Agency (IEA, 2002) published statistics on GHG, the
two largest overall sources of emissions were from
energy and agriculture. The energy sector
contributes about 70% of the emissions, mainly in
the form of CO,, while agriculture contributes about
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Figure 1. Raw materials for biodiesel production.
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Figure 2. World production of biodiesel.
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20% of GHG emissions, mainly as CH, and N,O (IEA,
2002). The palm oil industry therefore has an
important role to play in the energy sector and
contribute to the reduction in emissions to slow
down climate change.

Biodiesel is the term that refers mainly to methyl
or ethyl esters derived from vegetable oils. It can also
refer to pyrolysis products, diesel-vegetable oil
blends, microemulsions of alcohols and water in
vegetable oils and fermentation butanol. The concept
of using vegetable oil as a fuel dates back to 1895
when Dr Rudolf Diesel developed his engine to run
on vegetable oil (Nitske and Wilson, 1965). He
successfully demonstrated the engine at the World
Exhibition in Paris in 1900 using peanut oil as fuel.
The use of methyl esters of vegetable oils as diesel
substitute has been extensively evaluated in many
countries (Choo et al., 1997; Choo and Cheah, 2000;
Choo and Ma, 2000; Korbitz, 2000).

PRODUCTION TECHNOLOGY OF PALM
DIESEL

Commercially, methyl esters of fatty acids can be
manufactured either by esterification of fatty acids
or by transesterification of fat triglycerides. The
predominant process for the manufacture of methyl
esters is transesterification of fats and oils with
methanol. The ester interchange, i.e. replacement of
the glycerol component by methanol, takes place
quite easily at low temperature, 50°C to 70°C, and
under atmospheric pressure with excess methanol
and an alkaline catalyst such as sodium hydroxide
(Sonntag, 1982; Kreutzer, 1984; Freedman et al., 1984;
1986). These mild reaction conditions, however,
require oils neutralized by alkaline refining, steam
distillation or pre-esterification of the free fatty acids.

Esterification may be carried out batchwise at
200°C to 250°C under pressure. For high yield, the
water produced during the reaction has to be
removed continuously. Esterification can also be
carried out continuously in a counter current reaction
column using superheated methanol (Kreutzer,
1984). Esterification is the preferred method for ester
preparation from specific oil and fat fractions such
as palm stearin and olein.

Vegetable oils such as crude palm oil with varying
amounts of free fatty acids can be converted to esters
in a continuous process by combining the
esterification and transesterification processes. This
was successfully demonstrated in a 3000 tpy pilot
plant (Choo et al., 1992). The novel aspect of this
patented process is the use of solid acid catalysts for
the esterification (Choo and Goh, 1987; Choo and
Ong, 1989; Choo et al., 1992). The reaction is carried
outbelow 100°C at atmospheric pressure in a column
of solid catalyst. The resultant of the reaction
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mixture, which is neutral, is then transesterified in
the presence of an alkaline catalyst. The conventional
washing stage or neutralization step after the
esterification process is obviated and this is an
economic advantage.

Vegetable + Alcohol Esters + Glycerol
Qil
H,O0CR, R,COOMe H,OH
HOOCR, + 3MeOH === R,COOMe + CHOH
H,O0OCR, R,COOMe H,OH
(Triglycerides)  (Methanol) (Methyl (Glycerol)
esters)
1t 0.1t 1t 0.1t

This patented process can also be applied to other
raw materials such as palm oil products (palm
stearin and palm olein) and used frying oil.

ENGINE PERFORMANCE OF PALM DIESEL

Crude palm oil methyl esters (palm diesel) were
systematically and exhaustively evaluated as diesel
substitute from 1983 to 1994. These included
laboratory evaluation, stationary engine testing and
field trials on a large number of vehicles including
taxis, trucks, passenger cars and buses. All the tests
were successfully completed. It is worth mentioning
that the tests also covered stationary engine testing
and field trials with 30 Mercedes Benz of Germany
mounted onto passenger buses running on three
types of fuels, namely, 100% petroleum diesel, blends
of palm diesel and petroleum diesel (50:50) and 100%
palm diesel. Each bus covered 300 000 km, the
expected life of the engines (total mileage covered
by the 10 buses on 100% palm diesel was 3.7 million
km).

Generally, palm diesel has very similar fuel
properties to petroleum diesel (Table 1). Its specific
gravity is slightly higher than that of petroleum
diesel. Palm diesel has higher cetane number (63)
than petroleum diesel (less than 40) (Table 2). A higher
cetane number indicates a shorter ignition time delay
characteristic and, generally, a better fuel. Although
its viscosity is slightly higher than that of petroleum
diesel, the flow is satisfactory under warm weather.
However, its high pour point of 15°C limits its use
as fuel to tropical countries only. It can be improved
by adding pour point depressants or other processes
for possible use in temperate climate countries.
Furthermore, with very little or no sulphur, it does
not contribute to SO_pollution. It can be used directly
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as fuel in conventional diesel engines without
modification and obviously it can be used as diesel
improver.

No technical problem was reported throughout
the field trial as long as the engines were maintained
according to their service manuals. The operators
were not able to detect any difference in terms of
general engine performance. The conclusions
derived from the engine evaluation are as follows:

no modification of the engines is required;
the performance of engines running on palm
diesel is generally good, smooth and easy to
start with no knocking;

the exhaust emission is much cleaner
compared to petroleum diesel with less
hydrocarbon, CO, and SO,; therefore the fuel

the engine lubricating oil was not unduly
diluted by the palm diesel and was still
usable at the recommended mileage;

palm diesel does not produce an explosive
air-fuel vapour. With a higher flash point
(174°C compared to 96°C for petroleum
diesel), it offers enhanced safety;

for the buses under trial, the fuel
consumption of palm diesel was comparable
to that from petroleum diesel (e.g. 3-4 km
litre!); and

palm diesel shows good ignition property.
It can be used as a cetane number/diesel
improver because of its high cetane number
(62.4 compared to 37.7 for petroleum diesel
from Europe).

is more environment-friendly;

TABLE 1. FUEL CHARACTERISTICS OF METHYL ESTERS OF CRUDE PALM OIL (CPO) AND CRUDE PALM STEARIN (CPS)

Test Methyl esters Methyl esters Malaysian
of CPO of CPS diesel

Specific gravity 0.8700 @ 74.5°F 0.8713 0.8330 @ 60.0°F

ASTM D1290

Colour (visual) Reddish Orange Yellow

Sulphur content (% wt.) <0.04 <0.04 0.10

1P 242

Viscosity @ 40°C (cSt) 4.5 4.6 4.0

ASTM D445

Pour point (°C) 16.0 17.0 15.0

ASTM D97

Distillation: final recovery (ml) 98.0 98.5 -

ASTM D86

Gross heat of combustion (k] kg™) 40135 39 826 45 800

ASTM D2382

Flash point (°C) 174 165 98

ASTM D93

Conradson carbon residue (% wt.) 0.02 0.05 0.14

ASTM D198

TABLE 2. CETANE NUMBER OF CRUDE PALM OIL (CPO) METHYL ESTERS, PETROLEUM DIESEL (from Europe) AND
THEIR BLENDS

CPO methyl esters (%) Petroleum diesel (%) Cetane number (ASTM D613)

100 0 62.4
0 100 37.7
5 95 39.2

10 90 40.3
15 85 42.3
20 80 44.3
30 70 47.4
40 60 50.5
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CARBON CREDITS FOR PALM DIESEL

Palm diesel can be used to replace conventional fuels,
e.g. petroleum, coal and natural gas, to certain extent
for power production. However, at present, its higher
production cost is the major obstacle to its
widespread use. The economics of the palm diesel
project can be enhanced by the recovery of useful
co-products such as carotenes, vitamin E, sterols,
squalene, co-enzyme Q and phospholipids as well
as glycerol derivatives.

One main benefit derived from this renewable
source of energy is the reduction in emission of GHG
such as carbon dioxide. The production and
consumption of palm diesel form a closed carbon
cycle (Figure 3). Oil palm draws carbon dioxide from
the atmosphere to build its trunk, fronds, seed and
roots. When biodiesel (converted from palm oil) is
burned and the leftover plant materials decompose,
carbon from the fuel and plant matter is merely being
returned to the atmosphere. This closed carbon cycle
recycles the carbon dioxide and, therefore, there is
no accumulation of carbon dioxide in the
atmosphere. It was reported that biodiesel (methyl
esters) produces 78% less carbon dioxide than diesel.
According to the U.S. Department of Energy (2000),
biodiesel produces 0.6898 kg carbon dioxide per litre
compared to 3.266 kg litre”, which is about 4.7 times
higher for petroleum diesel. Subsequently, as palm
diesel, because of its lower GHG emissions, can
generate carbon credits under the CDM of the Kyoto
Protocol 1997.

Under the terms of Kyoto Protocol 1997 (a major
international initiative established to reduce the
threat of global warming), there is potential value to
transact the GHG benefits by the palm oil industry
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Figure 3. The production and consumption of palm
diesel: a closed carbon cycle.
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under the CDM. This mechanism allows emission
reduction projects to be implemented and credits
awarded to the investing parties. Financial
incentives, like attractive carbon credits, should
further enhance the economic viability of these
renewable fuels.

In 2002, Malaysia consumed 8.61 million tonnes
of petroleum diesel. The transport sector alone
consumed 4.63 million tonnes and generated 18.1
million tonnes of carbon dioxide. Transport has also
been identified as one of the chief contributors to air
pollution, particularly black smoke (from diesel) and
carbon dioxide. If 10% of the diesel (0.463 million
tonnes) were replaced by palm diesel, the industry
will be entitled to 1.81 million tonnes of carbon credit
or USD 18.1 million at USD 10 t* of carbon dioxide.

CONCLUSION

Palm diesel has been previously found to be a
suitable fuel for diesel engines. It can readily replace
petroleum diesel used for power generation and
transportation. A fuel switch from a fossil fuel to
renewable fuels will contribute greatly to the
reduction in GHG emissions that lead to global
warming. Unlike petroleum diesel, it does not
contribute to the increase in carbon dioxide and
hence, cause global climate change. Furthermore, the
raw material can be replenished by growing of oil
palm, a perennial crop.
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