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1. Introduction 

Oil palm is the most important product from Malaysia that has helped to change the 

scenario of it’s agriculture and economy. Lignocellulosic biomass which is produced from 

the oil palm industries include oil palm trunks (OPT), oil palm fronds (OPF), empty fruit 

bunches (EFB) and palm pressed fibres (PPF), palm shells and palm oil mill effluent palm 

(POME). However, the presence of these oil palm wastes has created a major disposal 

problem. The fundamental principles of waste management are to minimise and recycle the 

waste, recover the energy and finally dispose the waste. These principals apply to agro-

industrial wastes such as palm oil residues as they do to municipal waste. We can simply no 

longer afford to dispose the residues when there is an economically useful alternative. We 

must first consider the current uses and disposal of mill residues in order to address the 

potential for recovery of energy in the palm oil industry. One of the unique aspects of 

Malaysian renewable energy sources is that the palm oil mill is self-sufficient in energy, 

using PPF, EFB and shell as fuel to generate steam in waste-fuel boilers for processing, and 

power-generation with steam turbines as described in Section 2.2. 

World palm oil production in 1990 doubled to 11.0 million tonnes from 5.0 million tonnes in 

1980, and by the year 2000, the production doubled to 21.8 million tonnes. Malaysia 

produced about half of the world palm oil production (10.8 million tonnes), thus, making 

Malaysia as world’s largest producer and exporter of palm oil during this period [1]. In 

2008, even though Malaysia had produced 17.7 million tonnes of palm oil based on 4,500,000 

hectares of land used for its plantation, Indonesia became the world's largest producer and 

exporter of palm oil, replacing Malaysia as a chief producer [2,3]  Palm oil has made 

impressive and sustained growth in the global market over the past four decades, and it is 

projected in the period 2016 – 2020, the average annual production of palm oil in Malaysia 

will reach 15.4 million tonnes [4]. In 1999, the land area under oil palm plantation is about 

3.31 million hectares, and it has been projected that Sarawak will have about one million 

tonnes hectares of oil palm by the year 2010 [5].  
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The oil palm industry has always been linked to the environment because it is a land 

intensive industry. Any unplanned development will lead to the degradation of the forest 

systems, loss of habitats including plants and animals, extreme land degradation and 

pollution (water and airborne) due to the use of large quantities of pesticides and herbicides 

required to maintain the plantation. The Roundtable for Sustainable Palm Oil (RSPO) was 

established in recent years with the support from the government and Malaysia Palm Oil 

Council (MPOC). RSPO consists of palm oil producers, processors, traders, consumer goods 

manufacturers, retailers and non-governmental organizations (NGOs), and they will 

develop the principles and criteria of a sustainable palm oil industry, and facilitate the 

development of sustainable palm oil production. The proposed guidelines include 

commitment to transparency, compliance with all applicable local, national and ratified 

international regulations, adoption of sustainable cultivation practices (including water 

management, pesticide control and soil erosion), conservation of resources and biodiversity 

and community development [6]. The oil palm industry has long avoided the openings of 

virgin forest land, which thus minimize environment degradation and enhance the 

sustainability of oil palm growing. As initiatives, the Ministry of Plantation Industries and 

Commodities (MPIC) had announced in 2006, the RM20 million Malaysian Palm Oil 

Conservation Fund (MPOCF) with aims to help protect affected wildlife (including orang 

utan and other protected species) and to sustain biodiversity conservation programmes that 

are expected to be beneficial to both the industry and society. 

Oil palm is the most important product of Malaysia that has helped to change the scenario 

of its agriculture and economy. Despite the obvious benefits, oil palm mill also significantly 

contributes to environmental degradation, both at the input and the output sides of its 

activities. On the input side, crude palm oil mills use large quantities of water and energy in 

the production processes, and on the output side, manufacturing processes generate large 

quantities of solid waste, wastewater and air pollution. The solid wastes may consist of 

empty fruit bunches (EFB), mesocarp fruit fibers (MF) and palm kernel shells (PKS). The 

liquid waste is generated from an extraction of palm oil of a wet process in a decanter. This 

liquid waste combined with the wastes from cooling water and sterilizer is called palm oil 

mill effluent (POME). During POME digestion, odor released into surrounding air, thus, 

reduces air quality in the surrounding lagoons area. Disposal of EFB into oil palm plantation 

without recovering remnant oil in the EFB contributes to oil spills. Incineration of EFB 

means wasting renewable energy source and heat which actually could be provided for 

boiler in palm oil mill. At present, PKS and MF wastes are used extensively as fuel for steam 

production in palm-oil mills. EFB is a resource which has huge potential to be used for 

power generation, currently not being utilized. The application of shells for road hardening 

has no impact to the environment, however, current practice is actually wasting potential 

renewable energy source. Methane gas is one among other green house gases which can 

cause ozone depletion. However, at present, methane in biogas generates during POME 

digestion is not being utilized or captured and it just escapes into the atmosphere. Palm oil 

mill residues are currently underutilised; therefore, maximizing energy recovery from the 

wastes is desirable for both economic and environmental reasons. 
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All economic activity begins with physical materials and energy carriers such as fuels and 

electric power. Without materials, there might be no food and shelter technology; without 

energy, there might be no work, thus, no economic activity. The reliable sustainable 

resource is important to fulfill the need of energy. Oil palm waste is a reliable resource 

because of its availability, continuity and capacity for renewable energy solution. 

Furthermore, in current situation the presence of oil palm wastes has created a major 

disposal problem, thus, affect the environmental. The technological, economic, energy 

balance, and environmental considerations must be kept at a balance to meet the best 

solution of utilization oil palm wastes. There is abundance of raw materials available of the 

palm tree consisting of around 90% of biomass wastes and only around 10% of oil. About 90 

million tonnes of oil palm fruit production was recorded in 1998; however, 43-45% of this 

was mill residues in the form of EFB, shell and fibre. Palm fronds and stems are currently 

underutilised, and the presence of these oil palm wastes has created a major disposal 

problem. Therefore, maximising energy recovery from the wastes is desirable for both the 

environmental and economic reasons. Direct combustion, gasification, pyrolysis, 

liquefaction, fermentation and anaerobic digestion are alternate conversion technologies 

available to maximise energy recovery. Therefore, sustainable development can be 

promoted by encouraging energy projects for the long term, utilising local skills and 

creating employment. 

2. Oil palm industry 

Traditionally the oil palm (Elaeis guineensis) was grown in semi-wild groves in tropical 

Africa. It was first introduced to Malaysia for planting in the Botanical Gardens in Singapore 

in 1870 [7]. Germination takes around 3 months, after which the seedlings are planted in 

small plastic bags where they are left in a so-called pre-nursery for several months. They are 

transplanted into bigger plastic bags and grow in a nursery for several more months to a 

size of about 1 meter, before they are transplanted into a field at an age of around 1 year. 

The new improved crosses begin to flower after less than one year of transplantation and 

produce their first bunches of fruit after less than 2 years. At this age, their leaves have a size 

of over 2 meters in height and diameter. During its young age, the trunk grows at a rate of 

about 35 to 75 cm per year and produces alternate rows of leaves, depending on its gene [8]. 

The base of the old leaves surround the stem and begin falling off at the age of 12 to 15 years 

[9]. By this time, growth and production have slowed down. 

The number of leaves in an oil palm plant increase from 30 to 40 in a year at the age of 5 to 6 

years. After that, the generation of leaves decreases to about 20 to 25 per year [9]. The 

average economic life-span of the oil palm is 25 years to 30 years [10]. A marked increase in 

the cultivation of oil palm began in 1960 [11], for which by the year 1990 onwards there was 

a peak in replanting. This provided a good opportunity to harness the by-products of the oil 

palm. During the re-plantation, the heights of the oil palm tree are in the range of 7 m to 13 

m, with a width of between 45 cm to 65 cm, measuring 1.5 m from the surface of the soil. 

There are about 41 leaves in each frond of the mature oil palm tree. It is estimated that in the 
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year 2000, the process of re-plantation would generate about 8.36 million tonnes dried 

biomass, consisting of 7.02 million tonnes of trunk and 1.34 million tonnes of leaves [5]. Due 

to the high moisture of about 70% fresh weight, the newly chopped tree trunk cannot be 

burnt in the plantation. To leave the old trunk for natural decomposition not only obstructs 

the re-plantation process but harbours insects that would harm the new trees as well. The 

tree trunk usually takes between five to six years to decompose [12]. 

Most crude palm oil mills harness the energy from the fibre and shell in their own low 

pressure boilers and normally, the EFB's are burnt causing air pollution or returned to the 

plantation. A 60 tonnes of fresh fruit bunches (FFB) per hour mill based within a 10,000 

hectare plantation, can generate enough energy to be self sustaining and supply surplus 

electricity to the grid if it utilises all of its wastes. In order to provide a better understanding 

of the palm oil industry in Malaysia, the following sections give an overview of the oil palm 

industry in Malaysia including oil palm plantation and the mass balance of the oil palm 

industry as it is self-sufficient in energy. 

2.1. Malaysian palm oil scenario 

The first commercial oil palm estate in Malaysia was set up in 1917 at Tennamaran estate, 

Selangor. Palm oil is one of the seventeen major oils and fats in the world market. The 

government encouraged crop diversification from rubber to oil palm in the late 1950s. The 

area utilised for oil palm plantations in Malaysia has increased to 3.31 million hectares by 

the year 1999; where 62% of the total area is located in Peninsular Malaysia while Sabah and 

Sarawak 28% and 10%, respectively [4]. 

The oil palm fruit produces two distinct oils which are palm oil and palm kernel oil. Palm 

oil is obtained from the mesocarp while palm kernel oil is obtained from the seed or kernel. 

Palm oil is used mainly for the production of margarine and compounds in cooking fats and 

oils and also for the production of candles, detergents, soap and cosmetic products. 

Production of palm kernel oil is about 12% of the production of its palm oil. 

The success of the Malaysian palm oil industry is the result of the ideal climatic conditions, 

efficient milling and refining technologies and facilities, research and development, and 

efficient and adequate management skills. Practically all palm oil mills generate their own 

heat and power through the co-generation system [13]. The Malaysian government is fully 

committed to the expansion of the industry and encourages global expansion of palm oil 

production. Palm oil is now readily accepted globally and Malaysia has exported palm oil to 

more than 140 countries in the world. 

Most palm oil is currently produced in South East Asia, even though the oil palm is 

originally an African crop, which was introduced to South East Asia in the 19th century. The 

two largest producers are Malaysia and Indonesia, who together account for roughly 85% of 

the world palm oil production [14]. In 2004 Malaysian production exceeded Indonesian 

production. However, the US Department of Agriculture notes that mature palm area in 

Indonesia is being expanded from 5 to 8 million hectares, which should easily overtake 
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Malaysia in the near future [15]. There are plans for expansion of palm area in South 

America [16] and Africa [17], both of which in principle offer large tracts of suitable tropical 

land. Compared to the potential expansion, however, these plans are embryonic and current 

production is low and largely for domestic consumption.  

Palm oil and related products represented the second largest export of Malaysia in the first 

nine months of 2005, after electronics, but just ahead of crude oil [18]. In 2005, Malaysian 

palm oil production is projected to reach approximately 15 million tonnes (301,000 barrels 

per day), which is very close to the actual value of 14.96 million metric tones recorded by 

Malaysian Palm Oil Board (MPOB) [19,20]. By comparison, Malaysian petroleum production 

in 2004 is estimated at 43 million tonnes (855,000 barrels per day), of which 16 million tonnes 

(321,000 barrels per day) were exported. Domestic petroleum demand of 26 million tonnes 

represented 44% of the total energy demand of 60 million tonnes of oil equivalent [21]. 

The total oil palm planted area in Malaysia increased by 2.8% to 4.17 million hectares in 

2006. The area expansion occurred mainly in Sabah and Sarawak with a combined growth of 

4.5% compared to 1.6% in Peninsular Malaysia [22]. Sabah remained the largest oil palm 

planted state with 1.24 million hectares or 30% of the total planted area. Table 2.2 shows the 

oil palm planted areas by state in Malaysia for 2005 until 2008 (in hectares) [22,23]. 
 

State 2005 2006 2007 2008 

Johor 667,872 671,425 670,641 na 

Kedah 75,472 76,329 75,096 na 

Kelantan 89,886 94,542 99,763 na 

Melaka 52,015 52,232 49,113 na 

N.Sembilan 155,164 161,072 170,843 na 

Pahang 606.821 623,290 641,452 na 

Perak 340,959 348,000 350,983 na 

Perlis 278 258 260 na 

P.Pinang 14,074 14,119 13,304 na 

Selangor 132,100 128,915 129,315 na 

Terengganu 163,967 164,065 161,287 na 

Peninsular Malaysia 2,298,608 2,334,247 2,362,057 - 

Sabah 1,209,368 1,239,497 1,278,244 na 

Sarawak 543,398 591,471 664,612 na 

Sabah & Sarawak 1,752,766 1,830,968 1,942,856 - 

Malaysia 4,051,374 4,165,215 4,304,913 4,487,957 

Table 1. Oil Palm Planted Area 2005 - 2008 (Hectares) [22,23] 

The production of crude palm oil increased by a further 6.1% to 15.9 million tonnes in 2006 

from 15.0 million tonnes the previous year as shown in Figure 2.3. Figure 2.4 shows that the 

increase was mainly attributed to the expansion in matured areas by 2.0% and rise in the 

average fresh fruit bunches yield per hectare by 3.8% to 19.6 tonnes due to better 

management and agricultural inputs. Figure 2.4 also shows that the oil yield per hectare  
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Figure 1. Production of Palm Oil Products every Ten Years from 1976 – 2006, 2007 and 2008 [18,23] 

 

 

Figure 2. Yield of Fresh Fruit Bunches, Crude Palm Oil and Palm Kernel every Ten Years from 1976 – 

2006 and 2007 [18]. 
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Figure 3. Annual Oil Extraction Rate (OER) for 1986-2008 (%) [22,23] 

had increased by 3.4% to 3.9 tonnes, despite the oil extraction rate (OER) declining 

marginally by 0.5% to 20.04% as shown in Figure 2.5. The decrease in OER in the years 1993 

to 2001 which is significant is due to the global recession accounting for a lower demand of 

export market. However, despite a weak global economy, there is a significant recovery in 

2002 as the government implemented prudent policies to assist the Malaysian oil palm 

industry. These include the expansion of oil palm in matured areas and the campaign on 

improved productivity in the oil palm industry, coupled with providing competitive prices 

of oil palm, liberalization of export duties and the encouragement of counter-trades for 

higher exports [24]. Crude palm kernel oil production rose by 6.1% to 1.96 million tonnes in 

tandem with a 4.1% growth in palm kernel production as shown in Figure 2.3 [18,23]. 

The rapid expansion of oil palm cultivation has raised concerns about the sustainability and 

environmental impact of oil palm plantations, in particular with regard to biodiversity, 

destruction of old growth rainforest and air pollution [25,26]. To illustrate the potential 

impact, it is worthy to reflect on the fact that with a palm oil yield of 4 tonnes per hectare 

tropical forest of roughly the size of the United States would be required to satisfy current 

world crude oil demand. Increased yields are one avenue for reducing the area imprint for 

oil palm plantations. It is estimated, based on fundamental factors and actual yields 

achieved on experimental plots that yields as high as approximately 10 tonnes per hectare 

may eventually be achievable [27]. At these yields, current world oil demand could be met 

on roughly 4 million square kilometres, which is 40% of the area of the United States, or 

over half the land mass of Brazil. 
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2.2. The mass balance of the oil palm industry 

The palm oil mill is self-sufficient in energy, using waste fibre and shell as fuel to generate 

steam in waste-fuel boilers for processing, and power-generation with steam turbines. As an 

example, The Federal Land Development Authority (FELDA) palm oil mill in Sungai Tengi, 

Selangor, Malaysia, employs the standard oil extracting process [28]. In the standard milling 

process, used in the factories with a milling capacity of over 10 tonnes of raw material per 

hour, water is added into a digester [29]. More than 19.7 million tonnes FFB were processed 

in 2000 [28]. The standard sized mills processing 60 tonnes/hour of fruit bunches normally 

produce 40 tonnes/hour of steam. Part of the steam is used to generate 800 kW of electricity 

and the rest is used as process steam. It is estimated that the total generating capacity of the 

mills is about 200 MW [28]. Typically palm oil mills use fibre and shell as a boiler fuel to 

produce process steam for sterilisation, etc and also possibly for electricity generation to 

supply electricity for other parts of the mill complex. These oil palm wastes make oil palm 

mills self sustainable in energy. The shell and fibre alone can supply more than enough 

energy to meet the mill's requirements using low pressure relatively inefficient boilers. The 

EFB have traditionally been burnt in simple incinerators, as a means of disposal and the ash 

recycled onto the plantation as fertiliser. However, this process causes air pollution and has 

now been banned in Malaysia, furthermore, under this route of disposal, no energy is 

recovered. Alternatively EFB can be composted and returned to the plantation, or returned 

directly as mulch. Figure 2.1 shows a proposed plan for the operational process and product 

of the palm oil industry if EFB is used as fuel beside palm shell and fibre. 

Referring to Figure 2.1, as the fresh fruit bunches reach the processing plant, the sterilisation 

process begins with the steam temperature at 140oC, pressure at 2.5 to 3.2 kg/cm2 for 50 

minutes [28]. After this process, the stripping process will take over. In the stripping 

process, a rotating divesting machine is used to separate the sterilized oil palm fruit from 

the sterilized bunch stalks. The empty fruit bunches (EFB) will fall in the collector and are 

brought to the burning place as a fuel. After the bunches have been stripped, the sterilised 

fruits are fed into a digester where water at 80°C is added. This is performed in steam-

heated vessels with stirring arms, known as digesters or kettles. The most usual method of 

extracting oil from the digested palm fruit is by pressing. The type of press used in this palm 

oil is the screw type press. 

The crude oil extracted from the digested palm fruit by pressing contains varying amounts 

of water, together with impurities consisting of vegetable matter, some of which is dissolved 

in the water. Centrifugal and vacuum driers are used to further purify the oil before 

pumping it into a storage tank. When the digested fruit is pressed to extract the oil, a cake 

made up of nuts and fibre is produced. The composition of this cake varies considerably, 

being dependent on the type of fruit. The cake is given a preliminary breaking treatment 

before being fed into the nut/fibre separator called depericarper. When the fibre has been 

separated from the nuts, the latter can then be prepared for cracking. Any uncracked nuts 

must be removed and recycled and the shell separated from the kernels. The waste fibre and 

shell are also transported to the burning place as a fuel. The kernels are packed and sold to 

kernel oil mills. 
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Figure 4. Proposed plan for operation of a Palm Oil Mill (adapted from [28]) 

Palm oil mills in Malaysia typically meet most of their electricity and process steam 

requirements by burning some of the wastes, with energy for start-up generally being 
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consumption or boiler or turbine efficiency, as the fuel was substantially treated as a waste 

that was incinerated to be disposed of. The electricity co-generated in Malaysian palm oil 

mills therefore only amounts to roughly 1-1.5 billion kWh or less than 2% of 2003 generation 

of over 82 billion kWh. To illustrate the kinds of waste available, the process flow of a palm 

oil mill is summarised in Figure 2.2 (simplified from [28]) and a typical product stream 

distribution is shown in Table 2.1 (adapted from [30]). The total product stream distribution 

in oil palm mills is greater than 100% in wet basis as extra water is added during the 

process, for example during sterilization with steam. Most of this water ends up in POME. 

 
Note: main waste streams in bold, all percentages on wet FFB basis 

Figure 5. Simplified process flow diagram of an oil palm mill 

As can be seen in Table 2.1, the moisture content of fresh EFB is very high. Typically it is 

over 60% on a wet EFB basis. Consequently, it is a poor fuel without drying and presents 

considerable emissions problem that its burning is discouraged by the Malaysian 

government. Palm oil mills therefore typically use shell and the drier part of the fibre 

product stream, rather than EFB, to fuel their boilers [31]. Palm Oil Mill Effluent (POME) is 

so wet that it is usually treated by anaerobic digestion before the discharge of the effluents 

[32]. 

For each kg of palm oil, roughly a kg of wet EFB is produced. As over 60% of the wet EFB 

consists of water, and the heating value of the dry EFB is roughly half that of palm oil, the 

energy obtainable from the EFB product stream amounts to roughly 0.2 kg of oil equivalent 

per kg of palm oil. Based on Malaysia’s 2005 palm oil production of 15 million tonnes, the 
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energy value of the EFB waste is therefore around 3 million tonnes of oil equivalent, which 

would amount to $1.2 billion for an assumed $400 per tonne ($55 per barrel). 

 

 Wet FFB basis Dry FFB basis 

 (tonnes per hectare) % FFB (tonnes per hectare) % FFB 

FFB 20.08 100 10.6 100 

Palm oil 4.42 22.0 4.42 41.7 

Palm kernel 1.20 6.0 1.20 11.4 

EFB 4.42 22.0 1.55 14.6 

POME 13.45 67.0 0.67 6.3 

Shell 1.10 5.5 1.10 10.4 

Fibre 2.71 13.5 1.63 15.4 

Total 27.3 136.0 10.6 99.8 

Table 2. Typical product stream distribution in oil palm mills [30] 

As mentioned before, most crude palm oil mills harness the energy from the fibre and shell 

in steam boilers. However, the introduction of advanced cogeneration (combined heat and 

power) also can play a role in combatting climate change, as well as introducing significant 

economic benefits. Through cogeneration, the costs of energy will be cut because it uses 

fuels at high conversion efficiencies can reduce the emissions of carbon dioxide and other 

pollutants. However, it is only worth doing if one can sell the additional surplus energy 

(electricity) to customers at an economical rate. Today, the ability to sell electricity into the 

local grid provides an opportunity to turn waste into a valuable commodity. 

2.3. Options for the disposal of oil palm wastes 

The total land area in Malaysia amounts to 32.90 million hectares. According to Hoi and Koh 

[32], the major agricultural crops grown in Malaysia are rubber (39.67 %), oil palm (34.56 %), 

rice (12.68 %), cocoa (6.75 %) and coconut (6.34 %) which indicated that major production of 

the agricultural sector had been rubber derived products including wood residues, 

however, by 1995 oil palm products became more significant [34]. 

Lignocellulosic biomass which is produced from the oil palm industries include oil palm 

trunks (OPT), empty fruit bunches (EFB), fronds, palm pressed fibres (PPF) and shells. Table 

2.3 shows the breakdown of wastes from palm oil production in 2007 [35]. 

 

Wastes Quantity (ktonnes)

Fronds 46,837 

Empty fruit bunches (EFB) 18,022 

Palm pressed fibres (PPF) 11,059 

Oil palm trunks (OPT) 10,827 

Shell 4,506 

Table 3. Wastes from palm oil production [35] 
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One of the major characteristics of the forestry and agricultural sector is the production of 

large quantities of processing residues that have no economic value other than energy 

generation. Their presence in recent years has created a major disposal problem due to the 

fact that open burning is being discouraged by the Department of Environment in Malaysia. 

Other than biomass from the plantations, the palm oil industry also produces other types of 

waste in large quantities mainly EFB, PPF, shell and palm oil mill effluent (POME). Table 2.4 

shows the breakdown of product or waste from each bunch of fresh fruit (FFB) [36]. 

 

Products/Wastes Percentage by weight to FFB (dry basis) 

Palm oil 21 

Palm kernel 7 

Fibre 15 

Shell 6 

Empty fruit bunches 23 

POME 28 

Total 100 

Table 4. Products/wastes from each bunch of FFB [36] 

The EFB are usually air dried until the moisture content reaches about 40% when it is ready 

to be used as fuel in the palm oil processing plant [37]. The burnt waste is then used as 

fertiliser in plantations [38]. Other than that, EFB were also used in the plantations as a 

mulch, thus, can reduce the applied fertiliser cost and is a step towards environmental 

conservation by reducing dependence on fossil fuel required for the manufacture of 

inorganic fertilizer [39]. It is claimed that using the EFB as mulch has several advantages for 

the nutritional sustainability of the plantation. Some plantation owners claimed that the 

benefits of EFB as a fertiliser and as a soil conditioning agent are significant, because it 

releases nutrients slowly to the soil via microorganisms therefore effectively recycling the 

plant nutrients. It improves the soil structure due to better aeration, increases the water 

holding capacity and increases the soil pH, whilst other mill owners welcomed alternative 

methods of disposal. This is due to the inconvenience of handling and transporting, as well 

as the costs and problems concerning disposal of the waste on the plantation. However, 

open burning is no longer allowed by the authority because this process causes air pollution 

and by this means of disposal no energy is recovered [40]. 

Oil-palm fronds have been successfully used as a substitute for tropical grasses by ruminant 

producers in Malaysia [41]. Nowadays, the PPF is usually burnt in the palm oil processing 

plant as fuel and the excess is disposed of in the plantations [42]. The PPF are burnt in a 

boiler with some palm shells to produce the power for running the mill (self-sufficient). The 

boilers used are normally of grate-type beds which are manufactured locally [13]. Most of 

the crude palm oil mills harness the energy from the shell and fibre in their own low-

pressure boilers and normally the oil palm trunk would be left to decompose naturally at 

the plantation [37]. This practice not only disturbs the process of plantation due to the low 

decomposition rate, it also encourages the spread of diseases and insects like rhinoces beetles 
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and ganoderma that are harmful to the plantation [37]. Moreover, most of the plantations 

have to adopt the push-felling technique and trunk-shredding which leads to burning [43]. 

The utilization and generation of oil palm biomass is widely accepted and offers benefits for 

rural areas related to employment, rural infrastructure, the conservation of cultivated areas 

and hence the attractiveness of rural regions. The new markets for Malaysia can be 

developed, especially for developing countries, where oil palm biomass has a higher 

contribution to the overall energy supply. Also the establishment of an industry related to 

‘oil palm biomass for energy’’ technology could be supported. 

3. Utilization of oil palm wastes 

Another route to obtain more energy from oil palm plantations is the more efficient use of oil 

palm biomass other than the palm oil. There are no detailed statistics for oil palm dry matter 

production. Such statistics are only compiled for palm oil, palm kernel and fresh fruit bunches 

(FFB). Rough extrapolations, however, can be made based on estimates of the ratio of palm oil 

to other dry matter. For each kg of palm oil roughly another 4 kg of dry biomass are produced; 

approximately a third of which is found in FFB derived wastes and the other two thirds is 

represented by trunk and frond material [27,30,44]. On an energy basis, the palm oil represents 

roughly a third of the biomass yield, as it has roughly twice the heating value of the other oil 

palm dry matter, which therefore amounts to approximately 2 kg on a palm oil equivalent 

basis. Based on 2005 production, around 30 million metric tonnes of oil equivalent of non palm 

oil dry biomass matter were available for energy production from Malaysian palm oil 

plantations, or in other words approximately half of 2004 total primary energy demand. Only 

a small fraction of this potential was used, and that vary inefficiently. Open burning is still too 

common and responsible for substantial air pollution problems in South East Asia, indicating 

that other solutions urgently need to be found. Some of the biomass is used for mulching and 

as fertiliser, though this use is limited by labour and logistical limitations and concerns about 

encouraging oil palm pests [45]. 

Generally, oil palm mills generate a numbers of oil palm wastes. The oil palm wastes 

contribute about RM6379 million of energy annually [46]. However, there is much to be done 

to optimise the utilization of oil palm wastes for cogeneration in Malaysia. Various studies 

conducted in Malaysia have indicated that the used of biomass as a source of energy is one of 

the most promising ways of effectively using the residues. Some of the commercial projects 

and research activities are include treatment of palm oil mill effluent [47,48], pyrolysis of oil 

palm shell [49], chars from oil palm waste [50], solid biofuels from biowastes [51], briquetting 

of palm fibre and shell [36], palm oil effluent as a source of bioenergy [52] ethanol fermentation 

from oil palm trunk [53] and converting oil palm trunks and cocoa wood to liquid fuels [37]. In 

the following sections, potential uses of oil palm wastes are presented. 

3.1. Potential uses of Pome 

POME is the effluent from the final stages of palm oil production in the mill. It is a colloidal 

suspension containing 95-96% water, 0.6-0.7% oil and 4-5% total solids including 2-4% 
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suspended solids [54]. Most palm oil mills and refineries have their own treatment systems 

for POME, which due to its high organic content is easily amenable to biodegradation. The 

treatment system usually consists of anaerobic and aerobic ponds. However, because of 

silting and short circuiting many do not reach discharge standards to water courses. This 

situation can be significantly improved by introducing enclosed anaerobic digestion systems 

which reduce the biological oxygen demand (BOD) of the effluent and capture methane, one 

of the more potent greenhouse gases. The energy in the methane can then be recovered, 

either as a supplementary boiler fuel, or in a biogas engine generator. For each tonne of 

crude palm oil (CPO) produced, about an average of 0.9-1.5m3 POME is generated. The 

biological oxygen demand (BOD), chemical oxygen demand, oil and grease, total solids and 

suspended solids of POME ranges from 25000 to 35000 mg/L, 53630 mg/L, 8370 mg/L, 43635 

mg/L and 19020 mg/L respectively [55]. Therefore, this had created environmental problem 

because the palm oil mill industry in Malaysia produces the largest pollution load into the 

rivers throughout the country [56]. However, POME contains high concentrations of 

protein, nitrogenous compounds, carbohydrate, lipids and minerals that could be converted 

into useful material using microbial process [57,58]. As example, bio-gas can be produced by 

processing POME through anaerobic treating system. Anaerobic digestion is a series of 

processes in which microorganism break down biodegradable material in the absence of 

oxygen. About 400m3 of bio-gas produced from 100 tonnes of POME, of which this amount 

of POME had been released during processing of 20 tonnes of fresh fruit bunches [59-61]. 

Currently, fertilizers is also derived from POME and used in the farms and vegetation areas 

[62]. It is also found that the gas composition contained hydrogen (66-68%) and carbon 

dioxide (32-34%) that can be produced from POME using anaerobic micro flora and this 

generated gas is free from methane [63]. At present, a renewable energy power plant 

developer in Malaysia, known as Bumibiopower is in the progress of setting up a plant from 

methane extraction and power generation using POME near Pantai Remis at the west coast 

of Peninsular Malaysia. A closed anaerobic system is installed to produce and collect 

consistently high quality of methane-rich biogas from POME. The installation of a generator 

of size between 1 and 1.5 MW is also included in this project [64].  

3.2. Potential uses of bio oil derived from oil palm wastes 

Bio-oil is a renewable, which is produced from biomass through a process known as fast 

pyrolysis. Fast pyrolysis represents a potential route to upgrade the biomass to value added 

fuels and renewable chemicals. There is an urgent need to develop a sustainable energy 

supply as the impact of burning fossil fuels on our climate is becoming ever more obvious 

and the availability of fossil fuels is decreasing. Bio-oil contributes to the reduction of 

greenhouse gas emissions and it offers several advantages, as it is easy to use, to store, and 

to transport. Bio-oil that can be extracted from dried biomass including dried oil palm 

wastes is currently under investigation as a substitute for petroleum [65]. Bio-oil contains 

fragments of cellulose, hemicelluloses, lignin, and extractives and they are typically brown 

liquids with a pungent odor. For woody feedstocks, temperatures around 500ºC together 

with short vapour residence times are used to obtain bio-oil yields of around 70%, and char 
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and gas yields of around 15% each [66]. Bio-oil is a high density oxygenated liquid, which 

can be burned in diesel engines, turbines or boilers, though further work is still required to 

demonstrate long term reliability [67]. It is also used for the production of speciality 

chemicals, currently mainly flavourings. Renewable resins and slow release fertilisers are 

other potential applications, which have been the subject of research [68]. At this stage, fast 

pyrolysis is a novel and relatively untested technology. There are several pilot plants in 

North America and Europe, but no consistent track record yet outside of the manufacture of 

flavourings. 

To date, fast pyrolysis of biomass has received very limited attention by researchers in 

Malaysia. Normally, fibre and shells are burnt in the palm oil processing plants to generate 

fuel to produce power for running the mill (self-sufficient) [13,69]. So far, research involving 

fast pyrolysis has been carried out by Universiti Teknologi Malaysia and Universiti Malaya 

on oil palm shell, rubber waste and rice husk waste, scrapped tyres and tubes [70-74]. One 

of the authors of this book and the research group from MPOB investigated on the fast 

pyrolysis of empty fruit bunches (EFB) [75,76]. 

The utilisation of bio-oil derived from pyrolysis process of oil palm wastes to substitute for 

synthetic phenol and formaldehyde in phenol formaldehyde resins is possible. Phenol can 

be used to manufacture moulding products for automotive parts, household appliances, and 

electrical components; in bonding and adhesive resins for laminating, plywood, protective 

coating, insulation materials, abrasive coating; in foundry industries for sand moulds and 

cores. However, producing resins from bio-oil has received very limited attention by 

researchers in Malaysia and still in research stage. A group of researchers from Universiti 

Teknologi Malaysia had studied the extraction of phenol from oil palm shell bio-oil [77]. 

They found that the quantity of phenol in the extracted oil was 24.2 wt% of total extracted 

oil. 

In 2005, with the co-operation between Malaysian based Genting Sanyen Bhd and BTG 

Biomass Technology Group BV from The Netherlands, the first commercial bio-oil plant has 

already started production in Malaysia on a scale of 2 t/hr [78,79]. The main achievements of 

this project are more than 1,000 tonnes of bio-oil have been produced, the bio-oil is co-fired, 

replacing conventional diesel in a waste disposal system located 300 km from site, 

maximum capacity of the plant so far is about 1.7 t/hr on a daily continuous basis, the bio-oil 

quality can be controlled by the operating conditions, the drying of EFB to 5 wt.% moisture 

is possible using the excess heat from the pyrolysis process, the energy recovered from the 

process can be used effectively for drying the wet EFB, and potentially to generate the 

electricity required. Indeed, this is a breakthrough step in Malaysia for the utilisation of oil 

palm wastes as a source of bio-oil [80]. 

3.3. Potential uses of dry residues from oil palm wastes 

The main products produced by the palm oil mills are crude palm oil and palm kernels. 

However, it also produces huge quantities of residues such as fibre, shell and empty fruit 

bunches as shown in Figure 2.2. Dry residues from oil palm wastes can be utilised to 
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produce various types of products. EFB had been studied to convert into paper-making 

pulp by the researches from MPOB because EFB can be categorized as fibrous crop residues 

know as lignocellulosic residues. The high number of fibres/unit weight indicates the paper 

from EFB would have good printing properties and a good formation within paper making. 

EFB could produce thin, high quality printing paper, speciality papers for example for 

cigarette and photographic papers and security papers. The total chlorine-free methods had 

been used to bleach the pulp for producing paper [59,81]. Products such as paper and pulp 

that are obtained by processing the oil palm wastes can be used in many ways such as 

cigarette paper and bond papers for writing [82]. Normally, the excess shell are used to 

cover the surface of the roads in the plantation area. 

Various types of wood such as saw-wood and ply-wood or lumber had been produced from 

oil palm trunk. Oil palm trunks have been chipped and waxed with resin to produce pre 

formed desk tops and chair seats for schools. The furniture is characterised for resistance 

against knocks, scratches, ink, termites and fungus The ply-wood or lumber can be utilised 

as core in producing blackboard. The saw-wood is used for furniture but it is not suitable as 

building material due to its low specific density. It was found that the strength of the ply-

wood made from oil palm trunk was comparable with the commercial ply-wood. The 

particle board with chemical binders also can be produced from oil palm trunk. Some of the 

oil palm trunks are mixed with EFB and palm fibres to be combusted to produce energy 

[81,83,84]. Besides this, the palm shell and palm fibres have been convert of into briquettes 

in a study [36]. 

Medium density fibre-boards and blackboards can be produced from EFB and palm fibre 

[84,85]. Currently, the MDF industry has 14 plants with a total annual installed capacity of 

2.9 million. The total export of MDF was RM1.2 billion in 2008. The industry has started 

utilising acacia mangium and mixed hardwood to produce MDF as alternatives to rubber 

wood. At present, Malaysia is the world's third largest exporter of MDF, after Germany and 

France. MDF from Malaysia has attained international standards such as British (BS), 

European (EN), Asia-Pacific: Japan Australia and New Zealand (JANS) standards [86]. 

High-density fiberboard (HDF), also called hardboard, is a type of fiberboard, which is an 

engineered wood product. It is similar to MDF, but is denser and much harder and stronger 

because it is made out of exploded wood fibers that have been highly compressed. Agro-Bio 

Fibre Sdn Bhd in Malaysia holds the patent for the EFB-based MDF over the last 10 years, 

has invested RM30 million to develop the technology to produce MDF and other products 

from the oil palm wastes. This company had signed a MoU with the Forest Research 

Institute of Malaysia (FRIM) to develop HDF used mainly for the production of floorboards 

that would use 100% EFB as its raw material [87]. 

Oil palm fibre is non-hazardous biodegradable material extracted from empty fruit bunch 

that are considered as waste after the extraction oil palm fruits. The fibres are clean, non-

carcinogenic, and free from pesticides and soft parenchyma cells. Palm fibres are versatile 

and stable and can be processed into various dimensional grades to suit specific applications 

such as erosion control, mattress cushion production, soil stabilization, horticulture and 

landscaping, ceramic and brick manufacturing, paper production, acoustics control, 
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livestock care, compost, fertilizer and animal feed. Palm fibres can also be used as fillers in 

thermoplastics and thermoset composites which have wide applications in furniture and 

automobile components. Production of thermoplastic and thermostat composites has 

reached commercialization stage when PROTON (Malaysian national car maker) entered 

into agreement with PORIM (Palm Oil Research Institute of Malaysia) [88,89]. 

Similar to EFB, according to a study fronds from oil palm trees can be converted into pulp 

[90]. Oil palm fronds also can be processed as roughage source for ruminants such as cattle 

and goats [91]. A new product known as oil palm frond based ruminant pellet can be used 

as balanced diet for fattening beef cattle which is developed by the Malaysian Agricultural 

Research and Development Institute (MARDI) [91]. 

Oil palm ash (OPA) can be utilised as an absorbent for removing pollutant gases such as 

nitrogen oxide and sulphur oxide. The combustion of oil palm fibre and shell as boiler fuel 

to generate steam in palm oil mill will produce OPA. It was found that OPA contains high 

amount of calcium, silica, potassium and alumina which can be utilised to synthesize active 

compounds to absorb the pollutant gases into absorbent [92,93]. The presence of some 

functional groups such as hydroxyl, lactone and carboxylic in oil palm shell have a high 

affinity towards metal ions. Thus, the charcoal derived from oil palm shell can be coated 

with chitosan to use as a remover of heavy metal especially chromium from wastewater 

industry; however, it is still at research stage [94]. 

Processing the oil palm wastes such as EFB, fibre, shell and palm kernel cake into a uniform 

and solid fuel through briquetting process will be an attractive option. Palm kernel cake is a 

by-product of crushing and expelling oil from palm kernel. Briquetting is a process of 

compacting loose material to form a homogeneous and densified product. The material can 

be densified into briquettes at high temperature and pressure using screw of extrusion 

techniques either with or without binder addition. Oil palm briquettes are often favoured 

for household and industrial heating unit operation such as boiler because of their enhanced 

physical properties, as well as being easy to handle and feed. According to a study, the 

equilibrium moisture content for the briquettes made of palm fibre and palm shell is about 

12 mf wt.% [36]. It was found that briquettes made from 100% pulverised EFB exhibited 

good burning properties. It is recommended to blend with sawdust in order to produce 

better quality briquettes from EFB and palm kernel cake [95]. Oil palm briquettes can be 

used as fuel in producing steam, district heating and electricity generation for larger 

commercial scale. The local sawdust briquettes or charcoal briquettes are rarely used in the 

local market because it could not compete with the availability of cheap fuels such as 

charcoal and wood which are widely used in the rural areas and restaurants [96]. Therefore, 

the products are exported for oversea markets [97]. 

One of the promising technologies which utilise the oil palm wastes or plant matter involves 

the production of carbon molecular sieve (CMS) from lignocellulosic materials. Production 

of CMS from oil palm wastes which are cheap and abundant carbon source will enhance the 

economical feasibility of adsorption process. A CMS is a material containing tiny pores of a 

precise and uniform size that is used as an adsorbent for gases and liquids, and normally it 
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is used to separate nitrogen from the other gases contained in air. A survey of literature 

indicated that palm shell have been used the most as the substrate for CMS production by 

many researcher in Malaysia [97-101]. Basically, there are three steps involve to prepare the 

CMS from oil palm wastes which are carbonisation of the wastes, activation of the chars 

produced and pore modification of the activated carbons to obtain CMS. Activated carbon is 

produced from carbonaceous source materials such as nutshells, oil palm wastes, peat, 

wood, coir and lignite. Activated carbon also called activated charcoal is a form of carbon 

that has been processed to make it extremely porous and have a very large surface area, thus 

available for adsorption or chemical reactions. Activated carbon can be produced by either 

physical reactivation or chemical activation. In physical reactivation, the precursor is 

developed into activated carbons using gases by carbonization and/or oxidation process. For 

chemical activation, prior to carbonization, the raw material is impregnated with certain 

chemicals such acid, base or salt [102]. According to a study, the optimum conditions for 

preparing activated carbon from EFB for adsorption of 2,4,6-TCP were found as follows : 

activation temperature of 814°C, CO2 activation time of 1.9h and IR of 2.8, which resulted in 

168.89 mg/g of 2,4,6-TCP uptake and 17.96% of activated carbon yield [103]. 

Biochar is commonly defined as charred organic matter, produced to abate the enhanced 

greenhouse effect by sequestering carbon in soils and improve soil properties. Biochar is a 

stable carbon compound that can be kept in the ground for a long time, until thousands of 

years. Biochar is created when biomass is heated to temperatures between 300 and 1000ºC, 

under low or zero oxygen concentrations. Universiti Putra Malaysia (UPM) with the 

collaboration of Nasmech Technology Sdn Bhd have successfully built a plant producing 

biochar from EFP and also the first large-scale biochar production plant in the region. They 

have constructed a carbonator - driven plant to produce the biochar from residue materials 

including the EFB about 20 tonnes daily [104]. 

Besides converting dried oil palm wastes into various value added products, it also have 

potential as a source of renewable energy. Utilization of oil palm wastes as a source of energy 

will bring other environmental benefit like reduction in CO2 .emissions. The greenhouse gases 

that are present in the atmosphere include water vapor, CO2, methane and ozone, and the 

increase of greenhouse gases primarily CO2 is the major cause for global warming. Oil palm 

wastes such as fiber, shell and EFB can be used to produce steam for processing activities and 

for generating electricity [105]. At present, there are more than 300 palm oil mills operating 

with self-generated electricity from oil palm wastes. The electricity generated is for their 

internal consumption and also sufficient for surrounding remote areas [106]. 

A cement company in Malaysia had used palm shell as fuel in the boiler and they found 

they the emissions of CO2 can be reduced by 366.26 thousand metric tonnes in the year 2006 

alone [107]. Hence, the emission of CO2 in Malaysia can be decreased significantly if all 

industries in Malaysia can replace or partially replace fossil fuel with oil palm wastes to 

generate energy without degrading the environment. 

Hydrogen is a synthetic fuel, which can be obtained from fossil fuels, nuclear energy and 

renewable energy sources such as oil palm wastes. In almost any application replacing fossil 
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fuels, hydrogen may be used as fuel especially as feedstock for synthesis of clean 

transportation fuels or as a gaseous fuel for power generation [108,109]. Gasification is one 

of the technologies for producing hydrogen. Oil palm wastes such as EFB, fiber, shell, trunks 

and fronds can be used for gasification [109,110]. The benefits of using hydrogen as 

transportation fuel are higher engine efficiencies and zero emissions [111]. However, 

production of hydrogen from oil palm wastes is still at the early stage of research in 

Malaysia. 

4. Conclusions 

Malaysia is one of the world's primary palm oil producers and has been taking steps to 

promote the use of renewable energy. The utilization of renewable energy resources, in 

particular oil palm wastes is strategically viable as it can contribute to the country’s 

sustainability of energy supply while minimizing the negative impacts of energy generation 

on the environment. It will help the government to achieve its obligation to prolong the 

fossil fuel reserves. The efficient use of oil palm biomass other than the palm oil itself for 

food consumption is a promising route to obtain more energy from oil palm plantations. It 

will also solve the agriculture disposal problem in an environmental friendly manner while 

recovering energy and higher value chemicals for commercial applications like bio-fuel, coal 

replacement, building products and many others. The current principle adopted in Malaysia 

is a cost pass-through mechanism for electricity generation which is the same principle 

adopted for renewable power generation. This method would result in a small increase in 

the price of electricity paid by electricity consumers, but at the same time, the consumers 

may benefit from revenues derived from renewable energy generation.  Although this effort 

pales in comparison to other countries which had become leaders in renewable energy 

growth, the acceptance of this form of renewable energy contribution calls for a paradigm 

shift among the people in the realm of sustainable energy. In general, the maturity of the 

country is marked by an acceptance of the need for the country to wean reliance on a 

depleting and environmentally damaging fuel source. 
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