
 

 

CHAPTER 1 

INTRODUCTION 

1.1 PROJECT BACKGROUND 

 Malaysia is the largest producer and exporter of palm oil (Ahmad, 2003). Over 

the past few years, Malaysian palm oil industry has grown rapidly to become the world's 

second largest producer of palm oil, accounted for 10.3% of the world's oils and fats 

production in year 2007 (Lam et al., 2009), contributed average crude palm oil production 

(CPO) of more than 13 million tonne per year. This industry can be counted as an 

important backbone to Malaysia’s economy and it has remarkably increased the standard 

of living of its populations. The palm oil industry also provides a big employment 

opportunity to the rural families as agricultural workers in estates. Currently, palm oil is 

even intensively used as a source to produce biodiesel after the announcement of Fifth 

Fuel Policy under Eighth Malaysia Plan (2001–2005) (Lim and Teong, 2010).  

  

 Large quantities of water are used during the extraction of crude palm oil from the 

fresh fruit bunch, and about 50% of the water results in palm oil mill effluent (POME). 

Nevertheless, production of such huge amount of crude palm oil has consequently 

resulted to even larger amount of palm oil mill effluent (POME). The sum of all waste 

biomass emitted from palm oil industry of Malaysia, including POME, were amounted to 

65.5 million ton in 2009 (Yacob et al,2005). POME generation is believed to continue 

rise in tonnes as production and processing of palm oil in Malaysia continue to rise to 

meet both domestic and global demand. In the process of palm oil milling, POME is 

generated through sterilization of fresh oil palm fruit bunches, clarification of palm oil 

and effluent from hydrocyclone operations (Borja et al., 1996a).  

Palm oil mill effluent (POME) is a highly polluting wastewater that pollutes the 

environment if discharged directly due to its high chemical oxygen demand (COD) and 
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biochemical oxygen demand (BOD) concentration (Poh and Chong, 2009). POME 

consists of water soluble components of palm fruits as well as suspended materials like 

palm fiber and oil residues. Despite its biodegradability, POME cannot be discharged 

without first being treated because it is acidic and contains residual oil that cannot be 

easily separated using conventional gravity-based systems. Essentially, this oily mix 

needs a lot of oxygen before it can decompose completely, and this phenomenon is called 

having a high biochemical oxygen demand (BOD) (Madaki and Lau, 2013). 

 

Although POME is a non-toxic thick brownish liquid waste with unpleasant smell, 

its COD and BOD values are high enough to cause serious pollution and environmental 

problem to the rivers. The palm oil industry is identified as one of the agricultural 

industries in Malaysia that generates the highest pollution load into rivers throughout the 

country have reported that POME contains a high concentration of organic matter, COD 

concentration in the range of 45,000–65,000 7mg/L and BOD of 18,000–48,000 mg/L. 

COD in the range of 80,100–95,000 mg/L and BOD of 23,400–52,100 mg/L has also 

been encountered (Soleimaninanadegani and Manshad 2014). 

 

 For alternative energy carriers, hydrogen could be the fuel of the future because 

of its high energy content, environmental friendliness of production, and also because it 

can give substantial social, economic and environmental credentials (Kotay and Das, 

2008). Hydrogen is a carbonfree clean fuel, as the only final by-product of its combustion 

is water. Hydrogen can also be helpful in addressing global warming and increasing 

pollution problems. Furthermore, it is preferred over methane owing to its wider industrial 

applications, i.e. H2 is used in the synthesis of ammonia and hydrogenation of edible oil, 

petroleum, coal and shale oil (Kothari et al., 2012). Also, hydrogen-using technologies 

play a major role in a substantial transformation toward a more flexible, less vulnerable, 

distributed energy system which meets energy needs in a cleaner, more efficient and cost-

effective way (Barreto, 2003). 

 

 Hydrogen gas can be produced through dark fermentation from the POME sludge 

in a continuous stirred-tank reactor. A reactor where mixing is important is the tank flow 

or continuously stirred tank reactor (CSTR); it is also referred to as a" back-mix" reactor. 

This type of reactor is like the batch reactor (Theodor, 2012). CSTRs are open systems, 
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where material is free to enter or exit the system that operates on a steady-state basis, 

where the conditions in the reactor do not change with time. Reactants are continuously 

introduced into the reactor, while products are continuously removed.  A continuous 

stirred-tank reactor (CSTR) was used to disclose the effective start-up conditions using 

potato starch as a substrate, but the maximum period of data was only 21 days and H2 

yields for two hydraulic retention times (HRTs) were shown at a glance (Hussy et al., 

2003). 

 

 However, the hydrogen yield and specific hydrogen production rate during 

biological hydrogen production from POME are low, due to the poor biodegradability, 

bioactivity and substrate conversion efficiency of hydrogen producing microbes, and 

therefore, a technology needs further development (Gadhe et al., 2013). Although, 

complexity and poor biodegradability are one of the problems in dark fermentation of 

POME, the presence of high content of biodegradable organic compound can make 

POME an ideal candidate for biohydrogen production via amicrobial process. In real life 

application, by using hydrogen gas in internal combustion engines presently powered by 

natural gas, it can improve the combustion efficiency, decrease the fuel consumption, and 

reduce significantly the emissions of carbon monoxide, carbon dioxide, and nitrous 

oxides. 

 

An application of nanoparticles (NPs) to enhance bioactivity and metabolite 

recovery during dark fermentation has gained enormous attention due to unique surface 

and quantum size effects of NPs (Han et al., n.d.). In this project, we are able to transform 

the status of POME from waste to resource by converting it into advantageous energy 

through dark fermentation process. Also we will be able to get accelerated hydrogen gas 

production from POME for the output, by adding suitable NPs.  

 

  


