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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the Degree of Master of Science 

 

 

GASIFICATION OF MICROALGAE CHLORELLA VULGARIS FOR 

SYNTHESIS GAS PRODUCTION  
 

By  

 

ABDUL RAHEEM 

 

October 2015 
 

 

Chairman : Mohd Razif Bin Harun, PhD 

Faculty : Engineering  

 

 

Microalgae have been used as a substrate for biofuel production due to numerous 

advantages, including fast growth rate, ability to grow with/without land and 

accumulate substantial amounts of carbohydrates, lipids and proteins. However, current 

production of alternative fuel from microalgal biomass (biodiesel and bioethanol) 

involves lengthy processing steps. Thermochemical conversion is proven technology 

for higher conversion efficiency of biomass into biofuel and shorter production period 

compared to other conventional methods such as biochemical. However, low 

production yield of synthesis gas (syngas) produced from the process hinder their 

conversion into a higher value of fuel products. This can be realized by optimizing its 

process conditions for high production yield of the syngas.  

 

 

In this study, microalgal biomass, Chlorella vulgaris, is thermochemically gasified for 

syngas production. The study involves three stages include characterization of the C. 

vulgaris biomass, identification of the process parameters (reactor temperature, C. 

vulgaris biomass loading, and heating rate) and optimization for high syngas 

production.  

 

 

The characterization of C. vulgaris biomass explains that the thermal degradation 

behavior of the biomass can be divided into three major stages; (1) moisture removal, 

(2) devolatization of carbohydrates, protein and lipids and (3) degradation of 

carbonaceous material. A degradation rate of 80% was obtained at the second phase of 

the combustion process in the presence of air whilst a degradation rate of 60% was 

obtained under N2 atmosphere at the same phase. The biomass was further gasified for 

syngas production using a Temperature Programed Gasifier (TPG). The effect of three 

different process parameters, temperature (700, 800, and 900℃), C. vulgaris biomass 

loading (0.1, 0.25, and 0.5 g), and heating rate (5, 10, and 20℃ min
-1

) were 

investigated. The maximum H2 production was found at 800°C (45.9 ± 0.5 mol %, 0.35 

mmol g
-1

) with a biomass loading of 0.5 g (39.9 ± 1.5 mol %, 0.62 mmol g
-1

). No 

significant effect of heating rate was observed on H2 production. The activation energy 

values in air atmosphere, based on the Kissinger method, were evaluated to be 45.38 ± 
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1.0 kJ mol
-1

 (1st stage), 61.20 ± 0.5 kJ mol
-1

 (2nd stage) and 97.22 ± 0.5 kJ mol
-1

 (3rd 

stage).  

 

 

Furthermore, the optimization of microalgal gasification for syngas production was 

conducted using a high temperature horizontal tubular furnace. Four response variables 

(H2, CO, CO2, and CH4) were optimized under varying conditions of temperature (500-

900 ℃), C. vulgaris biomass loading (0.6 - 2.5 g), heating rate (5 - 25℃ min
-1

), and 

equivalent ratio (ER = 0.1 - 0.35). The optimization study was carried out using Central 

Composite Design (CCD). Temperature was found as the most significant process 

parameter influencing H2 production followed by C. vulgaris biomass loading and 

heating rate. A maximum H2 yield of 41.75 (0.66 mmol g
-1

) mol % was obtained at a 

temperature of 703℃, C. vulgaris loading of 1.45 g, heating rate of 22℃ min
-1

, and ER 

concentration of 0.29. Statistical analysis showed that the generated models were 

sufficiently in agreement with the experimental results. 

 

 

It was concluded that direct gasification of C. vulgaris biomass in the presence of air 

has a significant potential for commercial-scale production of syngas products under 

optimum economy. Hence the findings from this study are expected to resolve the 

problems that are being encountered with current conversion methods through the 

provision of numerous environmental and cost benefits. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

 

PENGEGASAN MIKROALGA CHLORELLA VULGARIS BAGI 

PENGHASILAN GAS SINTESIS  

 

Oleh 

 

 ABDUL RAHEEM 

 

Oktober 2015 

 

 

Pengerusi : Mohd Razif Bin Harun, PhD 

Fakulti :  Kejuruteraan 

 

 

Mikroalga telah digunakan sebagai substrat untuk penghasilan bahan api bio  kerana 

mempunyai pelbagai kelebihan, termasuk kadar pertumbuhan yang cepat, kebolehan 

untuk membiak dengan/tanpa memerlukan tanah dan keupayaan untuk mengumpul 

sejumlah besar karbohidrat, lipid dan protein. Walau bagaimanapun, penghasilan bahan 

api alternatif dari biojisim mikroalga (biodiesel dan bioetanol) melibatkan langkah-

langkah pemprosesan yang panjang. Penukaran termokimia adalah teknologi yang 

dibuktikan lebih cekap untuk penukaran efektif biojisim ke bahan api alternatif dalam 

tempoh pengeluaran yang lebih pendek berbanding dengan kaedah konvensional lain 

seperti biokimia. Walau bagaimanapun, hasil pengeluaran gas sintesis (syngas) yang 

rendah daripada proses tersebut  menghalangnya daripada menjadi produk bahan api 

yang bernilai tinggi. Ini boleh direalisisasikan dengan mengoptimumkan proses 

tersebut untuk  pengeluaran hasil  gas sintesis yang lebih tinggi. 

 

 

Dalam kajian ini, biojisim mikroalga, Chlorella vulgaris, telah menjalani proses 

termokimia untuk penghasilan gas sintesis. Kajian ini melibatkan tiga peringkat 

termasuk pencirian biojisim C. vulgaris, mengenal pasti parameter proses (suhu 

reaktor, kemuatan biojisim, dan kadar pemanasan) dan pengoptimuman untuk 

pengeluaran  gas sintesis yang tinggi. 

 

 

Pencirian biojisim C. vulgaris menjelaskan bahawa tingkah laku degradasi terma 

biojisim boleh dibahagikan kepada tiga peringkat utama; (1) pembuangan kelembapan, 

(2) proses ñdevolatizationò karbohidrat, protein dan lipid dan (3) degradasi bahan 

berkarbon. Kadar penurunan sebanyak 80% telah diperolehi pada fasa kedua proses 

pembakaran di dalam udara manakala kadar degradasi 60% telah diperolehi di dalam 

atmosfera N2 pada fasa yang sama. Seterusnya biojisim terus diproses untuk 

pengeluaran  gas sintesis dengan menggunakan Pengegas berprogram suhu. Kesan tiga 

parameter proses yang berbeza iaitu suhu (700, 800 dan 900℃), pemuatan biojisim C. 

vulgaris (0.1, 0.25 dan 0.5 g), dan kadar pemanasan (5, 10 dan 20℃ min
-1

) telah 

disiasat. Pengeluaran H2 maksimum ditemui pada 800 ℃ (45.9 ± 0.5 mol%, 0.35 mmol 

g
-1

) dengan muatan biojisim sebanyak 0.5 g (39.9 ± 1.5 mol%, 0.62 mmol g
-1

). Tiada 

kesan ketara terhadap kadar pemanasan diperhatikan pada pengeluaran H2. Nilai tenaga 



© C
OPYRIG

HT U
PM

 
 

iv 

 

pengaktifan dalam atmosfera udara, berdasarkan kaedah Kissinger, telah dinilai pada 

45.38 ± 1.0 kJ mol
-1

 (peringkat 1), 61.20 ± 0.5 kJ mol
-1

 (peringkat ke-2) dan 97.22 ± 

0.5 kJ mol
-1

 ( peringkat ke-3).  

 

 

Tambahan pula, pengoptimuman pengegasan mikroalga untuk pengeluaran gas sintesis 

telah dijalankan dengan menggunakan tiub melintang relau bersuhu tinggi. Empat 

pembolehubah tindakbalas (H2, CO, CO2 dan CH4) telah dioptimumkan di bawah 

keadaan suhu yang berbeza (500 - 900℃), kemuatan biojisim mikroalga (0.6 - 2.5 g), 

kadar pemanasan (5 - 25℃ min
-1

), dan nisbah setara (ER = 0.1 - 0.35). Kajian 

pengoptimuman telah dijalankan dengan menggunakan Rekaan Komposit Pusat (CCD). 

Suhu didapati sebagai parameter proses yang paling penting mempengaruhi 

pengeluaran H2 diikuti oleh pemuatan biojisim C. vulgaris dan kadar pemanasan.  Hasil 

H2 optimum 41.75 mol% (0.66 mmol g
-1

) telah diperolehi pada suhu 703℃, pemuatan 

biojisim C. vulgaris 1.45 g, kadar pemanasan 22℃ min
-1

, dan kepekatan ER pada 0.29. 

Analisis statistik menunjukkan bahawa model yang dihasilkan adalah seiring dengan 

keputusan eksperimen. 

 

 

Ia dapat disimpulkan bahawa pengegasan langsung biojisim C. vulgaris dengan 

kehadiran udara mempunyai potensi yang besar untuk pengeluaran  gas sintesis 

berskala komersial yang lebih ekonomikal. Oleh itu dapatan daripada kajian ini 

dijangka akan menyelesaikan masalah yang sedang dihadapi dengan kaedah penukaran 

semasa dengan memberi pelbagai faedah alam sekitar dan kos yang lebih efektif. 
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1.2 Problem Statement  

 

 

Environmental problems and economic security concerns associated with fossil fuel 

have triggered interest in using biofuels as an alternative to fossil fuels. The primary 

sources for current biofuel production are first generation and second generation 

biofuels. The first generation biofuel includes biomass such as sugar, starch, sugarcane, 

oil seeds and etc. However, it has some disadvantages as 1) needs arable land for their 

cultivation, 2) not enough efficient to fulfill energy demand, 3) more life cycle time, 4) 

food vs fuel problem, 5) increase in food prices. The second generation biofuel 

(lignocellulosic) includes wood, solid waste and energy crops those contain lignin 

which leads to difficulties within the conversion process and high conversion cost. 

Microalgae, a plant like microorganism, provide a potential feedstock to overcome the 

existing issue on biofuel production. 

 

 

In term of technology, current production of alternative fuel from biomass involves 

lengthy processing steps. Hence choosing the right conversion technology is an 

important factor to make biofuels produced in sustainable, environmentally friendly 

and cost efficient process. One of the key options is to produce biofuel by using 

thermochemical i.e. gasification. The method provides higher conversion efficiency of 

biomass into biofuels, and a shorter production period compared to the conventional 

method such as biochemical method. Current microalgal biomass gasification use either 

fixed or fluidized bed- type reactors without focusing on optimization of process 

parameters. These reactors create major issues relating to carbon loss and scalability 

hence makes the reactors less viable for commercial scale applications. Therefore, this 

study explores the gasification of microalgal biomass (C. vulgaris) for synthesis gas 

production using a horizontal tubular reactor. The horizontal tubular reactor provides 

advantages in terms of low cost, simple operation, easy to control reaction conditions 

and higher carbon conversion rate (Chopra and Jain, 2007). An engineering approach 

focusing on detailed optimization for various process variables to maximize the syngas 

yield production was employed in this study. 

 

 

1.3 Research objectives 

 

 

The main objective of this study is to investigate the potential of C. vulgaris biomass as 

a feedstock for synthesis gas (syngas) production via gasification process. The 

objectives are divided into two sub-objectives include: 

 

 

1. To characterize the properties of C. vulgaris biomass as a potential feedstock 

for syngas production via gasification process. 

 

 

2. To optimize the effect of different process variables such as reactor 

temperature, biomass loading, heating rate and equivalence ratio (ER) for high 

syngas production from C. vulgaris biomass. 
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