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ABSTRACT 

 

The final year project titled modelling and optimisation of carbon dioxide (CO2) emission in 

palm empty fruit bunch (PEFB) derived bio-synthetic natural gas production via physical 

absorption has been reported. The anthropogenic CO2 emission has responsibility for global 

warming and climate changes which contributed significantly by the heavy utilisation of 

conventional fossil fuel power to meet the need of humankind. Biomass is a potential 

alternative source of energy to replace the dependency of fossil fuel reserves that expected to 

undergo long term depletion and considering the environmental conservation through CO2 

natural emission life cycle. Biomass conversion to energy even has no exception in releasing 

CO2 which could be mitigated by the introduction of biogas purification unit to be incorporated 

with waste to energy (WtE) technology. The massive increase of agriculture waste 

accumulation in Malaysia like PEFB can be inverted into a potential feedstock of thermal WtE 

plant to generate valuable and clean bio-synthetic natural gas for electricity and heat utility. 

Considering the sluggish development of WtE in Malaysia, the mathematical model on the 

physical absorption of CO2 from dried PEFB derived bio synthetic gas production is established 

and optimised to achieve a green manufacturing tariff including the model capability to serve 

95 – 98 % CO2 removal efficiency and finalised operating design of modelled CO2 absorber is 

optimal for the dried PEFB derived bio-synthetic natural gas with CO2 concentration at 40.051 

mole % and below. The performance of the validated model for CO2 absorption by physical 

solvent dimethyl ether polyethylene glycol (DEPG) could be optimised by carrying out 

sensitivity analysis based on the variation of temperature, operating pressure and liquid to gas 

(L/G) stream flowrate ratio. The modelling finding has shown that the satisfactory CO2 

reduction efficiency of CO2 physical absorption in the PEFB derived bio synthetic gas 

production could be met optimally at T = 31.0 oC, P = 1.6 kPa and L/G = 1:1.  

Keywords: Carbon dioxide capture, Physical absorption rate-based model, Dimethyl ether 

polyethylene glycol solvent, Palm empty fruit bunch-derived bio-synthetic natural gas  
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ABSTRAK 

 

Projek tahun akhir bertajuk pemodelan dan pengoptimuman pelepasan karbon dioksida (CO2) 

dalam pengeluaran gas natural bio-sintetik hasil tandan kosong buah sawit (TKBS) telah 

dilaporkan melalui penyerapan fizikal. Pelepasan CO2 antropogenik bertanggungjawab 

terhadap pemanasan global dan perubahan iklim yang menyumbang secara besar-besaran oleh 

penggunaan tenaga bahan bakar fosil konvensional yang berat untuk memenuhi keperluan umat 

manusia. Biomas adalah sumber tenaga alternatif yang berpotensi untuk menggantikan 

kebergantungan simpanan bahan bakar fosil yang dijangkakan akan mengalami pengurangan 

dalam jangka masa panjang dan mempertimbang pemuliharaan alam sekitar melalui kitaran 

hidup pelepasan semula jadi CO2. Penukaran biojisim kepada tenaga bahkan tidak terkecuali 

dalam melepaskan CO2 yang dapat dikurangkan dengan pengenalan unit pemurnian biogas 

untuk disatukan dengan teknologi sisa kepada tenaga (SkT). Pengumpulan sisa pertanian yang 

semakin meningkat di Malaysia seperti TKBS dapat diubah menjadi bahan baku tanaman SkT 

termal yang berpotensi untuk menghasilkan gas natural bio-sintetik yang berharga dan bersih 

untuk bekalan elektrik dan haba. Memandangkan perkembangan SkT yang sedikit ketinggalan 

dan lambat di Malaysia, model matematik mengenai penyerapan fizikal CO2 daripada 

pengeluaran gas natural bio-sintetik kering TKBS dibuat dan dioptimumkan untuk mencapai 

tarif pembuatan hijau termasuk kemampuan model untuk menepati 95 – 98 % kecekapan 

penyingkiran CO2 dan reka bentuk operasi akhir penyerap CO2 yang dimodelkan adalah 

optimum untuk gas bio sintetik TKBS kering dengan kepekatan CO2 pada 40.051 mol % ke 

bawah. Prestasi model yang disahkan untuk penyerapan CO2 oleh pelarut fizikal dimetil eter 

polietilena glikol (DEPG) dapat dioptimumkan dengan melakukan analisis kepekaan 

berdasarkan variasi suhu, tekanan operasi dan nisbah kadar aliran cecair kepada gas (L/G). 

Penemuan pemodelan menunjukkan bahawa kecekapan pengurangan CO2 yang memuaskan 

daripada penyerapan fizikal CO2 dalam pengeluaran gas sintetik bio yang dihasilkan TKBS 

dapat dipenuhi secara optimum pada suhu T = 31.0 oC, P = 1.6 kPa dan L/G = 1:1. 

Kata kunci: Penangkapan karbon dioksida, model berdasarkan kadar penyerapan fizikal, 

pelarut Dimetil eter polietilena glikol, Gas natural bio-sintetik hasil tandan kosong buah sawit 
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CHAPTER 1 
 

 

INTRODUCTION 

 

 

1.1 Background of Study  

The expansion of energy demand globally in line with the growth of compressed population 

and associated economic development have exhibited to the anthropogenic emission of highly 

concentrated carbon dioxide (CO2) gas in the atmospheric surface of the earth, causing the 

global warming and climate changes. CO2 is considered as a harmful gaseous in the excessive 

volume of gas escaped resulted by the fuel combustion to allow energy conversion for power 

and heat supply besides to accommodate the rapid industrialisation. The Intergovernmental 

Panel on Climate Change (IPCC) model as accessed by Barker et al. (2007) have shown that 

the elevation of global surface temperature from the year 1990 to 2100 is predicted within the 

range of 1.1 – 6.4 °C. This has led the introduction of waste to energy (WtE) technologies in 

the energy industry by strengthening the eco-friendly biomass as a feedstock for a sustainable 

renewable energy production apart from ensuring effective waste management. However, the 

development of WtE is a quite challenging job in the effort to control the global CO2 emission. 

Biomethane is one of WtE product which could replace the strong dependency of fossil fuel 

gas that is expected to undergo depletion as time ahead beside in endeavour to allow the 

degradation of global environmental impacts by the conversion of biomass. Palm empty fruit 

bunch (PEFB) is attractive biomass which highly available in Malaysia due to abundance of 

palm oil tree plantation area across the state and recognised to be a side income among the 

local farmer by the legal sale of electricity directly to the national grid. However, the numerous 

or large scale of PEFB conversion to biogas has subjected to the in turn of CO2 emission that 

equivalent environmental impact as conventional fossil fuel combustion, thus it becomes a 

current drawback of these WtE facilities. The operational and economic circumstances in the 

biofuel gas plant are responsible for the presence of CO2 in the biogas stream (Motahari et al., 

2015). Green manufacturing of biomethane could be achieved by incorporating the CO2 capture 

unit in the biogas thermal WtE technology. As compared to Europe, the advancement of CO2 
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purification for upgrading the raw biogas calorific value in Malaysia is slightly sluggish and 

generally can be considered at the initial phase. Regard to the above statement, the modelling 

of CO2 emission control in the thermochemical conversion of PEFB feedstock into bio 

synthetic gas by physical absorption is established using mathematical model approaches.  

 

1.2 Problem Statements  

Malaysia as the third - largest contributor of CO2 emission in South East Asia with total 

local CO2 escaped of 54.8 % is exhibited by the strong dependency of the national power sector 

based on conventional fossil fuel (Haiges et al., 2017; Abdeshahian et al., 2016). Due to current 

technology and economic constraints, the renewable energy capacity is reported inadequate to 

meet the increasing of world energy demand (He et al., 2013). The annual agriculture crop of 

processed palm oil fruit in respect to the massive plantation of palm oil tree have subjected to 

the abnormal emission of CO2 neutral due to biological uncontrolled of anaerobic digestion by 

the fermenting fruit bunch in the open air with the presence of sunlight.  

The latest CO2 capture technology in Malaysia seems under rating due to lack of government 

and institutional support which made the acceptance of national climate change policies among 

the local palm oil mill owner have gained less responsive. The conventional physical 

absorption in the palm oil solid WtE plant is remained to suffer from the technical penalty to 

serve a high rate of CO2 capture in the renewable energy generation as it tied by both capital 

expenditures (CAPEX) and operational expenditures (OPEX).  

Minor established model for CO2 absorber without reaction compared to with chemical 

reaction is recognised due to unique assumptions and mathematical equation to reflect the 

mechanism of the CO2 in chemical absorption which might infeasible for the physical solvent 

application. The complexity of the equations in the model to be computed numerically as 

resulted by the general assumptions of the absorption conditions have caused the model 

implementation to be a time - consuming and large error of expected results is difficult to be 

solved. None of the recent findings of modelled CO2 absorption (Pandya, 1983; deMontigny 

et al., 2006; Gabrielsen et al., 2006; Shahid et al., 2019) is incorporated with physical solvent 

as absorbent and the capability of the model to be applied without chemical reaction 

requirement to the green manufacturing tariff including efficient reduction of GHG as referred 

to CO2 and conservation of natural resources based on the reliability of the CO2 physical 


