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ABSTRACT 

ince the beginning of the industry, 
Malaysian palm oil mills have been 
utilising part of the palm biomass as 

an energy source for mill operation. The main 
constituent of the biomass used for power 
generation in the mill comprised  part of the 
mesocarp  fibre and  most of the dry palm kernel 
shell called the fuel mix,  at a ratio of about 60% 
to 40%. The entire empty fruit bunches, the 
remaining  mesocarp fibre and most of the palm 
kernel shell - mainly the wet palm kernel shell 
were disposed of or incinerated. 

The objectives of this study are to compare the 
CO2 emission during biomass fuel combustion 
with diesoline combustion. The equivalent mass 
of diesoline was estimated using its calorific 
values as a basis for computing the enthalpy 
content of the respective fuels. Analytical results 
confirmed that the greenhouse gases emission 
(GHG) from the combustion of the ‘biomass 
mixture’ in a boiler is about 2.7 times that of the 
GHG emission from diesel combustion, when 
producing the same amount of electrical energy. 
Although green energy has its merits in helping 
us to preserve the fossil fuels for the use of 
future generations its use for power generation 
as a substitute for fossil comes with a price, viz: 
the additional GHG released to the atmosphere 
compared to fossil fuels. 
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The mills use about 15% of the total fibre and 
22% of the total shell produced to generate 
sufficient energy for processing fresh fruit 
bunches. The fast depleting fossil fuel reserves 
of the world and the environmentalist’s concern 
for clean energy has now brought the global 
attention to the surplus biomass in the mill. 
This has also encouraged the government 
to implement suitable policies to promote  
renewable energy generation in Malaysia.

InTROdUCTIOn

In 2010, Malaysia processed about 83 
million tonnes of fresh fruit bunches (FFB) 
producing 17 million tonnes of crude 
palm oil, 19 million tonnes of empty fruit 
bunches, 11 million tonnes of mesocarp 
fibre and 5 million tonnes of kernel shell 
from 421 palm oil mills in operation (MPOB, 
2010). The total biomass amounting to 35 
million tonnes, accumulated in the mill 
compounds as by-products indeed offered 
a great opportunity for any entrepreneur 
to embark on a grid-connected renewable 
energy power generation project. The 
Malaysian government also has given 
ample support for energy development in 
Malaysia as seen by the attractive tariff and 
other incentives offered to the renewable 
energy developers. Therefore, palm biomass 
has emerged as a highly sought after fuel 
now. Using good foresight and sensible 
design by consultants, the palm biomass 
projects stand a good chance to succeed 
in Malaysia. It is widely acknowledged 
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that biomass energy production serves as 
a clean development mechanism (CDM) 
as it indirectly addresses the concern 
over greenhouse gas (GHG) emissions 
responsible for global warming. 

The objectives of this study are to 
compare the CO2 emission between biomass 
fuel and petroleum diesel combustion as 
well as to estimate the amount of biomass 
surplus available for other industrial usage. 
In this article, an analysis is also made to 
evaluate the GHG emission from both palm 
biomass as well as fossil fuel in a palm oil 
mill in order to compare the GHG produced 
during the combustions of both of them. 

Carbon Dioxide Re-absorption from Biomass 
and Fossil Fuel

The GHG in the form of carbon dioxide 
(CO2) generated by biomass fuel, although 
shares the same molecular structure as that 
produced by the fossil fuel, it is not classified 
as GHG. In order to justify this stand, it 
was argued that the CO2 produced by the 
biomass is absorbed back in a very much 
shorter time by the very palms responsible 
for the production of the biomass than the 
fossil fuel derived CO2 that takes millions of 
years for its neutralisation.  

Malaysian palm oil mills generally 
utilise a mixture of 60% fibre and 40% palm 
kernel shell as fuel in boilers to produce 
steam for power generation, sterilisation 
of FFB and other process heating. This is 
a common practice since the beginning of 
the palm oil milling history but combustion 
of any type of fuel will generate CO2  and 

other products of combustion which can 
pollute the environment (Normah and 
Zaini, 1991). GHG exist in four common 
tread forms which are CO2, methane (CH4), 
nitrogen oxides (NOx) and fluorinated 
gases (EPA, 2011). Recent issues associated 
with clean energy savings, reduction of 
GHG emissions and the carbon footprint of 
palm oil production has triggered national 
attention on combustion gases emission 
from palm oil mill boiler chimneys. 

Biomass Compared to Petroleum Diesel as 
Boiler Fuel

A palm oil mill consumes between 15 
kWhr to 20 kWhr electric energy (average 
17 kWhr) per tonne of FFB processed. Table 
1 shows the calorific value and amount 
of CO2 produced from the combustion of 
various types of biomass and petroleum 
diesel.

The calorific value for the boiler biomass 
fuel mixture is [0.4(18418) + 0.6(13054)] = 
15 199.6 kJ kg-1 thus the calorific value 
ratio of the boiler biomass fuel mixture to 
diesoline is            about 2.8:1.

Total FFB processing energy consumption 
is 83 x 106 x 17 = 1.4 x 109 kWhr.

1 kWhr = 3600 kJ = 3.6 MJ, thus, total FFB 
processing energy consumption is 5.98176 x 
1012 kJ = 5.08109 MJ.

Boiler Efficiency

In most of the palm oil mills operations, 
boiler feed water is fed at about 32°C into 

TABLE 1.  LowER CALoRiFiC VALuE AnD AmounT oF Co2 GEnERATED

Fuel Calorific value (kJ kg-1) kg CO2 kWhr-1

Petroleum diesel 42 791* 0.24
Palm kernel shell -12% moisture/oily 18 418 Sarawak 1.12; Sabah 0.8-0.65; 

Peninsular 0.63**Mesocarp fibre -37%  moisture/oily 13 054

Source: *Greet (2008), **CDM Energy Secretariat (2006).

42 791
151 996
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water tube boiler to generate 21 barg steam 
for electric power generation used for FFB 
sterilisation and other process heating at 3 
barg. The rankine cycle for the boiler and 
turbine operation is shown in Figure 1.

Specific heat input = h1 – h3 = 2801 – 605 
= 2196 kJ kg-1

Now to find out the condition of steam 
at state point 2:
Specific entropy s2 = 6.272 kJ (kg K)-1 as 
shown in the above. Assume that the 
steam quality at Condition 2 is x and from 
saturated steam table at 4 bara, sfg = 5.119 kJ 
(kg K)-1,

1.777 + 5.119x = 6.272
5.119x = 4.495

x = 0.88

Specific enthalpy at Condition 2, h2 = 605 + 
2134 (0.8781) = 2479 kJ kg-1

Specific work done, w = h1 – h2 = 2801 – 2479 
= 322 kJ kg-1

Rankine efficiency, η =            x 100 = 15%
Actual boiler biomass fuel mixture needed 
=                             = 2 682 886 116 kg
        Total diesel needed =                     
                                           = 952 966 333 kg

322
2196

5.9818 x 1012 x 100
15 200 x 15

2 682 886 116
2.8153

Figure 1.  Rankine cycle with t-s and p-v chart for steam.

Specific entropy kJ (kg K)-1

Specific volume (m3 kg-1)

Te
m

pe
ra

tu
re

 (o C
)

Pr
es

su
re

 (b
ar

)



PALM OIL ENGINEERING BULLETIN NO. 10312

Feature Article

Based on renewable energy, emission 
rate for west Sabah as average, CO2 
emission from:

• biomass fuel mixture combustion = 0.65 x
                    = 6 114 333 333 kg
• diesel combustion = 0.24 x                

= 2 257 600 000 kg

Calculation above shows that biomass 
fuel mixture combustion produces 
2.7083 times more CO2 than that of diesel 
combustion.

Biomass Availability

Based on the statistic data above, the 
biomass produced in palm oil mills consists 
of:

• 23% empty fruit bunches (EFB) 
 = 19.1084 million tonnes;
• 13% fibre = 10.8004 million tonnes; and
• 6% shell = 4.9848 million tonnes.

The palm oil mills consume fibre and 
shell to produce the boiler biomass mixture 
fuel:

• 60% fibre = 0.6 x 2682 886 116 ≈ 1.6 
million tonnes; and

• 40% shell = 0.4 x 2682 886 116 ≈ 1.1 
million tonnes.

The calculation above shows that the 
palm oil mills consume 14.9% of the total 
fibre produced and 21.5% of the total shell 
produced. The biomass available in the 
market is:

• 19.1084 million tonnes of EFB;
• 10.8 – 1.6  = 9 million tonnes of fibre; 

and
• 5.0 – 1.1   = 4 million tonnes of shell.

dISCUSSIOn And COnClUSIOn

Palm biomass produced in the palm oil 
mills had low commercial value in the past 
and was burnt in biomass boilers to produce 
steam for electric power generation and as 

heating medium in FFB sterilisation and 
other process heating. Steam fuel balance 
analysis showed the biomass produced was 
in excess of the palm oil mill requirement. 
Mulching and land filling were used 
especially for utilisation of EFB.

Recently, the advancement of 
technologies had provided new demands 
for this biomass by-products for the 
manufacture of medium density fibreboard 
for furniture usage, damping sheet 
used in automotive industry and other 
applications. Furthermore, the awareness of 
the environment issues were instrumental 
for renewable energy policies and palm 
biomass was found to be a suitable green 
energy source for the production of 
biomass briquettes,  pellet fuel, pyrolysis 
oil, biomass gasification and others.

It was found that the palm oil mills 
could generate extra income from the palm 
biomass resources. In order to maximise the 
revenue further, boiler efficiency has to be 
increased to reduce fuel consumption so 
that more palm biomass could be spared. 
This objective can be achieved by adding a 
super heater in the mill boiler to increase the 
work done by the rankine cycle shown in 
Figure 1. Further increase in boiler efficiency 
can be achieved by installing an economiser 
for recovering part of the residual heat in 
the flue gas, which otherwise would be 
wasted to atmosphere.

The amount of biomass available in the 
palm oil mills calculated from the analysis 
above is a general indication because 
this study assumes that all palm oil mills 
operate their boiler in the same manner. 
However, some palm oil mills are known to 
have super heater installed to increase the 
boiler efficiency by consuming less fuel. 

This study concludes that palm biomass 
combustion emits 2.7 times more GHG 
than petroleum diesoline  combustion to 
generate the energy required for processing 
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the same volume of FFB. It is recommended 
that other biomass related industries 
maintain high combustion efficiency to 
ensure ample biomass surplus in palm oil 
mills.
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