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 Fuel properties are fundamental parameters that are often required in the design stage of 

a combustor. The fuel property focused in this study is higher heating value which is 
the energy content in fuel. Higher Heating Value (HHV) of 8 common agricultural 

waste in Malaysia that have high potential to be utilized were investigated. HHV was 

investigated using a bomb calorimeter. The results indicate that studied agricultural 
waste had HHV between 15.6MJ/kg and 21.3MJ/kg. Coconut husks had the highest 

HHV, whereas paddy straw had the lowest HHV. Results obtained were also compared 

to previous reports from other countries, and samples had consistent value with 
previous reports. It was also found that rice husks produce significant amount of ash 

that may affect combustion process. 
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INTRODUCTION 

 

 Fossil fuel sources are depleting and their 

variable price has led to intensive search for an 

alternative fuel resource. According to the world 

energy council projections, if the adequate policy 

initiatives are provided, 30% of the direct fuel use 

and 60% of global electricity supplies would be met 

by renewable energy sources within 2025 (Mekhilef, 

Saidur et al. 2011).  

 In Malaysia, it was estimated that 93% of the 

energy derived in the form of petroleum and 

electricity produced in this country still rely 

dominantly on fossil fuels (Koh and Hoi 2003). 

According to shafie et al. , the increase in energy 

demand in Malaysia between 1999 and 2002 reached 

to 20% (Shafie, Mahlia et al. 2012). In addition, it is 

estimated that the energy demand is increasing to 

18,000 MW by 2010. The sources limitations of 

fossil fuel encourage the government to shift the 

energy policy towards renewable energy source. 

Besides that, environmental concerns has also lead 

the society to utilize various sources of renewable 

energy. In Malaysia, biomass has a potential to be 

used to overcome the increasing energy demand due 

to the biomass indigenous nature, abundant 

availability and its low cost.   

 Fuel properties are the fundamental parameters 

which is often required in order to choose the 

suitable technology for the combustion process of 

fuel. The origin of the biomass has strong influenced 

on the biomass characteristics, resulting in a wide 

variety of fuel properties (García, Pizarro et al. 2012). 

The fuel property focused on this study is the Higher 

Heating Value (HHV) of the biomass fuel. The HHV 

can be determined through the calculation from 

proximate or ultimate analysis or experimentally 

using a bomb calorimeter. 

 HHV which is also known as calorific value can 

be defined as the energy content of a fuel (Khan, de 

Jong et al. 2009). The energy in biomass can be 

exploit by burning it and thereby turning the 

chemically bound energy into heat and then power. 

The efficiency of the equipment that involves in the 

combustion of a fuel can be determined based on the 

HHV of the fuel. HHV is among the fuel properties 

with fundamental importance since the design of a 

biomass combustor rely strongly on the heating value 

of the biomass (Erol, Haykiri-Acma et al. 2010). 

Fuels with lower amount of HHV generates less 

power, hence more amount of fuel is required to 

produce the same amount of energy. This will have 

influence on the combustor size required for the 

combustion. Therefore, the knowledge of HHV is 

important as the designer need to consider on the 

different types of biomass fuels which is suitable for 

specific biomass power technologies and the also the 

benefits of each fuel. 

 The fuel focused in this study is solid fuel from 

agricultural waste. Sugarcane or scientifically known 

as Saccharum officinarum mainly produces residue 

called bagasse. Bagasse is the residue that is left after 

the crushing and extraction of sugar juice from the 

sugarcane. In 2009, Malaysia produces about 



192                                                                    Firdaus Basrawi et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(32) Special 2015, Pages: 191-196 

700,000 ton of sugarcane with a moisture content of 

50% (Koh and Hoi 2003). It is estimated that the 

heating value for dry sugarcane bagasse to be 14.4 

MJ/kg (Srisovanna 2004). Various research has been 

done to study HHV and the composition of 

sugarcane bagasse. Several authors have reported 

HHV of bagasse, and their results of heating value 

was between 18.9 to 19.4 MJ/kg (C.A. Camargo 

1990, F.A. Agblevor 1992, T.R. Miles 1995, B.M. 

Jenkins 1998, M. Garcıa-Perez 2002). The bagasse is 

classified as a fuel with high reactivity due to its high 

content of volatiles and low ash content (Pérez, 

Machin et al. 2014). 

 Previous study also had been done on coconut 

residue and it was found that the heating value of 

coconut fibre dust is 17.79 MJ/kg (Senapati and 

Behera 2012). Fibre dust was reported to have more 

than 97.1% combustible components with 70.3 wt.% 

volatiles matter, 26.8 wt.% fixed carbon and a very 

low ash content of around 3 wt.% on dry air basis 

(Ganesh 2006). Abad et al. reported that the 

constituents of fibre content in Indian coconut coir 

dusts along with the cellulose, hemicellulose and 

lignin contents were found to be 32.4 wt.%, 8.4 wt.% 

and 43.1 wt.%. It was also reported that the ultimate 

analysis of coir dust in wt.%  is 50.3, 5.1 and 39.6% 

for C, H and O (Abad, Noguera et al. 2002). 

 Meanwhile, coconut pith is reported to have 

slow degradable rate due to its high lignin content. It 

was found that the bulk density of coconut pith to 

vary from 78 to 110 kg/m
3
 and a porosity of 0.63–

0.78. Meanwhile the particle density varies from 400 

to 500 kg/m
3
 depending on the moisture content 

(Sheeba, Babu et al. 2009). Rice husks and paddy 

straws are the primary residues from cultivation of 

paddy that are produced during the harvesting and 

milling processes. In 2008, 23% of rice husk with 

moisture content between 13% and 14% was 

produced out of 1632,507 ton of rice produced. This 

means, it is estimated that around 326,664.65 ton of 

dry husks were produced (Shafie, Mahlia et al. 

2012). As claimed by Abad et al., Malaysia is 

estimated to produce around 768,290 ton of rice 

husks by the year 2020 (Abad, Noguera et al. 2002). 

A few research has been done previously by several 

authors to study about the characteristics and the 

quality of paddy residue. Chou et al. reported that 

rice straw and rice bran was 16.1 and 20.5 MJ/kg, 

respectively (Chou, Lin et al. 2009).  

 Although previous study on HHV of biomass 

had been done in other countries which had already 

been utilizing biomass as energy source, less data is 

available for biomass in Malaysia. In addition to that, 

the composition of biomass varies depending on 

species, the plant tissue types, growth stage, and their 

growing conditions (C.A. Camargo 1990). Since the 

composition of biomass has strong influence on the 

heating value, the findings from this study might 

varies from the previous study. Therefore the 

objective of this study is to determine HHV of solid 

fuel from agricultural waste. 

     

MATERIAL AND METHODS 

 

Samples Preparation: 

 Material used in this study were biomass from 

raw agricultural crop and residue which is 

abundantly available in Pekan district of Pahang, 

located at eastern coastal region of Malaysia. Figure 

1 shows 8 different biomass samples studied, which 

are sugarcane bagasse, corn husk, dry leaves, 

coconut fibre, coconut pith, coconut husk, paddy 

straw and rice husks. Prior to the testing, the size of 

these biomass samples had to be reduced in order to 

increase the surface area for combustion. All samples 

were sliced and the size were reduced to the smallest 

size possible. 

 

Moisture Content: 

 It is commonly necessary to remove water 

content in fuel for combustion process, especially for 

certain type of biomass combustion systems such as 

fluidized bed combustor. This is important to ensure 

desired system efficiency and acceptable emission is 

obtained in the combustion process. HHV of fuel 

decreases with increasing moisture content which 

consequently will affect the quality of the 

combustion (Khan, de Jong et al. 2009). However, 

the drying process of the moisture itself will 

consume energy which can potentially reduced the 

overall system efficiency. The high moisture content 

of fuel can also cause emission problem. This is 

because, high moisture content of the fuel can reduce 

the combustion temperature which results in 

incomplete combustion of the fuel. Moreover, high 

fuel usage is required to produce same amount of 

energy which leads to larger flue gas generation. In 

addition to that, the moisture vapor produced from 

the combustion will condense in the combustor and 

might lead to corrosion problem. Therefore the raw 

biomass samples in this study was dried through 

oven drying method and the moisture content was 

obtained. 

 The moisture content of the samples was tested 

using an electric oven shown in Figure 2. To test the 

moisture content of the samples, the oven was 

preheated to temperature of 105°C prior to the testing. 

The initial weight of each sample was set at 40g and 

the weight of the sample was measured again after 

oven dried for 1 hour. After that, the sample was 

reheated again, and the weight of the samples was 

measured for every 10 min. When the weight of the 

sample remains unchanged approximately to within 

2g for two consecutive measurements, the weight is 

taken as the final dried weight of the samples. 

 This procedure was repeated for 5 times for each 

type of biomass samples. The weight percentage of 

the Moisture Content MC was calculated using the 

following equation: 
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 where WI and WF is initial and final weight of 

the sample, respectively. 

 

 
 

Fig. 1:  Agricultural waste samples. 

 

      
 

Fig. 2:  Electric Oven. 

 

Heating value: 

 HHV of samples was determined experimentally 

using Parr 6772 Bomb Calorimeter as shown in 

Figure 3. About 1 gram of dried biomass sample was 

weighed in a crucible, and placed inside a stainless-

steel container which was called the ‘bomb’. The 

samples were burned until combustion completed. 

During the combustion, all organic matter was 

oxidized. Heat liberated by the combustion of the 

sample was transferred to water. A sensitive, high-

resolution temperature sensor was used to measure 

the temperature inside the water. The measured 

weights of the substance and the rise in temperature 

of the water were used to obtain the heat generated 

by the substance from the combustion process. The 

testing was repeated 5 times for each sample to 

obtain the average value. 

 

RESULTS AND DISCUSSION 

 

Moisture Content: 

 The results of the moisture content of the 

samples are shown in Table 1. On average, raw 

sugarcane bagasse and corn husks have significantly 

high moisture content. This is because both sample 

were taken directly from various night markets. The 

poor milling process of sugarcane bagasse might also 

contributed to its high moisture content. Meanwhile 

the rest of the biomass samples have low moisture 

content that varies from 7 to 13% because these 

biomass residue already exposed to sunlight before 

they were collected.  

 According to Smuelson et al., untreated biomass 

may contain varying amounts of volatile compounds 

which may influence evaporation during oven drying 

(Samuelsson, Burvall et al. 2006). This might 

contribute to the varying amount of moisture content 

for every trial of the biomass samples tested. As can 

be seen from the result, the standard deviation 

calculated varies in the order of 2% or less which 

may support the claim. 

 

Higher Heating Value: 

 The results of HHV of biomass samples are 

summarized in Table 2. Results obtained for 5 times 

of testing were consistent with standard deviation of 

less than 1%. As shown in Table 2, HHV varies from 

15.6 to 21.3 MJ/kg. Coconut husks had the highest 

amount of higher heating value with 21.3 MJ/kg, 

whereas paddy straw had the lowest amount of 

higher heating value of 15.6 MJ/kg. 

 Poddar et al. and Saidur et al.  reported that the 

lignin content of lignocellulosic fuel usually 

correlated with HHV (Saidur, Abdelaziz et al. 2011, 

Poddar, Kamruzzaman et al. 2014). It was reported 

that the lignin had higher value of HHV compared to 

the cellulose and hemicellulose. This was consistent 

with the results shown in Table 4 in which coconut 

residue that had lower biodegradable rate due to its 

lignin content have higher heating values compared 

to other biomass samples .  
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Fig. 3: Bomb Calorimeter.  

 
Table 1: Results of the moisture content. 

 
 

 The comparison of average HHV of bagasse 

between the current study and the previous studies is 

shown in Figure 4 (C.A. Camargo 1990, F.A. 

Agblevor 1992, T.R. Miles 1995, BM Jenkins 1998, 

M. Garcıa-Perez 2002). In addition the comparison 

of HHV of coconut fibre and paddy straw between 

the current study and the previous studies  is shown 

in Figure 5 (F.A. Agblevor 1992, Samuelsson, 

Burvall et al. 2006). It was found that HHV obtained 

from the current study is consistent with the previous 

studies. As stated in the literature previously, the 

factors that influence the composition of biomass 

might contribute to the amount of the HHV obtained. 

This explains the slight differences of value between 

the current study and previous findings. 

 After the calorimetric experiment, it was 

observed that all samples except rice husks were 

completely burned. As shown in Figure 6, white 

residue which was most likely the ash lefted on the 

crucible after the rice husks gone through complete 

combustion. Ash is defined as the non-organic 

incombustible content of fuel lefted after combustion. 

The ash contains the bulk of the mineral fraction of 

the original biomass. According to Khan et al. a high 

ash percentages reduces HHV of fuel (Khan, de Jong 

et al. 2009). This can be proved from the 

experimental results in which rice husks was the 

second lowest HHV compared to other biomass. 

 In addition, high ash content was one of the 

factor that reduces combustion efficiency. This is 

because ash characteristic indicates that the fuel is 

alkaline in nature. The higher alkali content have 

significant influence on deposition mechanism such 

as agglomeration, fouling and slagging which takes 

place at higher temperature area of a biomass boiler. 

At higher temperature, these ash melts and fuses 

which leads to clinker formation. The formation of 

these clinker entraps combustible matters and 

prevents proper air distribution. Ash composition 

together with sulfur and chlorine contents in biomass 

fuels are the main factors which have an impact on 

the risk of bed agglomeration in fluidized bed boilers 

and on the rate of boiler fouling, deposit formation, 

slagging and super heater corrosion (Gami 2012). 

 

Conclusions: 

 Higher Heating Value (HHV) of agricultural 

waste was studied using a bomb calorimeter. It was 

found that the HHV of the samples varies between 

15.6 and 21.3 MJ/kg. Coconut husks has the highest 

amount of HHV with 21.3 MJ/kg, whereas paddy 

straw has the lowest amount of HHV of 15.6 MJ/kg 

compared to the rest of the samples tested. Coconut 

fibre, paddy straw and bagasse shows a consistence 

value with higher heating value reported by other 

researchers in different countries. It was also found 

that rice husks produce significant amount of ash that 

may affect combustion process.  

 

 

 
 



195                                                                    Firdaus Basrawi et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(32) Special 2015, Pages: 191-196 

Table 2: Results of Higher Heating Value. 

 
 

      
Fig. 4:  Comparison HHV of Bagasse. 

 

      
Fig. 5: Comparison HHV of Coconut Fibre & Paddy Straw. 

 

 

 
 

Fig. 6:  White Residue from Rice Husks. 
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