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Abstract 

Pyrolysis of the algae (chlorophyceac) was carried out using fixed bed reactor at 4500C. The mass balance of the 
pyrolysed algae were liquid fraction (oil) (10%), gaseous product (11%), solid product (char) (79%) and extent of 
conversion (21%. The proximate analysis of powdered sample was carried out in accordance with the official method 
of analytical chemistry (AOAC). The moisture content, ash content, volatile matter and fixed carbon determined were 3 
+ 0.33, 70.3 + 0.5, 6.3 + 0.3 and 20.2 + 0.07 respectively. The result obtained indicate that algae (chlorophyceae) could 
be used as feedstock for generation of pyrolysed oil which could probably be upgraded to fuel for both domestic and 
industrial purposes. 
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1. Introduction

Biomass-derived fuels have received increasing attention to give a solution to the problems of fossil fuel depletion and 
global warming. Bio fuels are considered to be carbon cycle neutral because CO2 released into the atmosphere when 
burnt is fixed in the biomass by photosynthesis (Brown 2011). In recent years, there has been considerable interest in 
producing bio fuel from algae, a so-called third generation bio fuel. Macro algae (seaweeds) have a huge potential to be 
used as a source for the production of bio fuels due to their high photosynthetic efficiency, fast growth rate, high 
carbohydrate content, no requirement of cultivation land area and no competition with food crops (Trinh et al., 2013). 
The aquaculture production of macro algae in the world has been increased continuously to 15 million wet-metric-tons 
with an annual growth rate of 10.5 % in 2010 (FAO yearbook, 2012). Various types and species of macro algae have 
traditionally been cultivated for food in the coastal regions of East Asia. Among them, brown algae are the most suitable 
type for mass production in Korea because they grow more than red and green algae in the temperate regions ( FAO 
yearbook, 2012) . Macro algae can be converted to bio fuels through biological and thermo chemical routes. Pyrolysis is 
considered to be one of the most plausible conversion processes to produce bio fuels by heating biomass in absence of 
oxygen (Fahmi et al., 2008).The yields of bio-oil from brown algae pyrolysis was not generally high, mostly lower than 
those of bio-char since the high ash content of the algae brought low bio-oil yield by secondary tar reaction. It is reported 
that the maximum yield of bio-oil depends on several parameters such as water and ash contents, biomass composition, 
and pyrolysis temperature and vapor residence time (Fahmi et al., 2008). The pyrolysis products can also be affected 
by the morphology of biomass primarily due to heat transfer effects. Although fluidized-bed fast pyrolysis processes are 
known for the production of high yields of bio-oil, several other pyrolysis modes have been introduced to overcome 
their inherent disadvantages of a high level of carrier gas flow and the corresponding excessive energy requirements 
(Oyedun et al., 2012). 

Crude bio-oil produced by pyrolysis cannot be used as fuel due to its high water and oxygen contents, and the presence 
of unsaturated and phenolic moieties, as a result, bio-oils need to be upgraded or treated to improve their quality before 
used for most applications (Bae et al., 2011). The aim of this paper is to produce bio-oil from algae using pyrolysis. 
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2. Material and methods 

2.1.  Sampling and Sample Treatment 

2.1.1. Sample – Green Algae (Chlorophyceae) 

The sample was obtained from a pond near hostel of Usmanu Danfodiyo University Sokoto and was identified using the 
procedure in ALGAL ID LAB. 

The sample was taken to Energy Research Centre Sokoto for drying. Direct sun drying method was used to dry the 
sample for 30hours. The sample was grinded using mortar and pestle which turned into powdered form. The powdered 
sample was weighed using weighing balance.  

2.2. Method 

2.2.1. Determination of Moisture Content 

An empty crucible was weighed and 2g of the powdered sample was also weighed in to the crucible, the crucible was 
placed into an oven at temperature of 1050C for 6 hours after which the crucible containing the dry sample was then 
weighed and this was repeated 3 times in order to reduce errors and the average value was reported. 

The moisture content was determined using the equation below; (Sokoto et al., 2011). 

% moisture content= (W1-W2)/(W1- Wo) x 100…………………..equation (1)  

 Where WO = weight of empty crucible 

W1= weight of the sample + crucible 

W2= weight of dry sample + crucible 

2.3. Determination of Ash Content   

Empty crucible was weighed as W0 and 2g of the sample in the crucible was also weighed W1, the crucible containing 
the sample was placed into the lenton furnace thermoset at 6000C and allowed to burned for 3 hours until the content 
become ash. 

The crucible containing the ash was weighed as W2 using electrical weighing balance and this was repeated 3 times in 
order to reduce errors and the average value was reported, the ash content was determined using the equation 1 below 
(Almustapha etal.,2009).  

% ash content= (W2-Wo)/(W1-Wo) x 100……………………..equation (2)  

 Where WO= weight of empty crucible  

 W1= weight of sample before ash + weight of the crucible 

 W2= weight of ash sample + weight of crucible after ashes\ 

2.4. Determination of Volatile Matter  

Powdered sample (2g) was weighed into a crucible, and then at 105OC for another six hours (6hrs), this was repeated 
three (3) times in order to reduce errors and the average value was reported. 

The difference in the weight due to loss of volatiles was taken as the total volatile matter present in sample. Loss in 
weight was reported as volatile matter on percentage basis. The volatile matter of sample was determined using 
equation (3). 

 % volatile matter= (W1-W2)/(W1-Wo) x 100…………………..equation (3) 
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Where WO = weight of empty clean watch 

 W1= weight of sample in clean watch 

 W2= weight of dry sample in clean watch  

2.5. Determination OF Fixed Carbon 

The fixed carbon in percentage was calculated by difference. The fixed carbon of the sample was determined using 
equation (4). 

Fixed carbon (%) = 100 - % of (MC + VM + AC) ……………equation (4) 

Where MC = % of Moisture content 

 VM = % of Volatile matter 

 AC = % of Ash content 

2.6. Sample Pyrolysis Run 

Powdered sample (10g) was placed into a lab scale fixed-bed reactor vessel (glass type) followed by the insertion of the 
reactor into a vertical furnace (pyrolyser), the reactor was connected to cylinder containing nitrogen gas to purge out 
oxygen out of the reactor (under nitrogen atmosphere), also it is connected to condenser which cools the surrounding 
of the system, after assembling the reactor the temperature was set at 4500C at heating rate of 270C/minutes for 
15minutes and residence time of 30miuntes. 

2.7. Determination of Mass Balance 

The mass of char and oil was determined gravimetrically. The weight of the sample used was determined, after pyrolysis 
the weight of the product obtained was taken and each yield was expressed in weight percentage on a moisture free 
basis. And the empty reactor was measured prior to the reaction. 

The weight of the reactor containing the left over residue was then measured after the reaction and this enables the 
calculation of the pyrolysed products as shown by the equation (4,5 and 6). % Liquid Fraction (oil)= (WRV-Wr)/SW x 
100…………….equation (4) 

% Solid Product (char)= (WRC-WR)/SW x 100…………….equation (5) 

% Gaseous Product = 100-(WS+WL)………………….equation (6 % total conversion (TC)= 100-%WC 

Where WS = weight of solid 

 WL = weight of liquid 

 LP = percentage of liquid product 

 SW = weight of sample 

 SP = percentage of solid product 

 GP = percentage of the gas product 

 WC = weight of char 

 WRC = weight of the reactor containing the char 

 WRV = weight of the receiver containing the oil 

 WR = weight of empty reactor 
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 Wr = weight of empty receiver 

 TC = total conversion 

3. Results  

The results obtained from various determinations are presented in tables 1 to 2.  

Table 1 Results of proximate analysis of algae  

Parameters Value (%) 

Moisture content 3± 0.33 

Ash content 70.3 ± 0.5 

Volatile matter 6.3±0.3 

Fixed carbon 20.2±0.07 

 

Table 2 The Mass Balance of the pyrolysed algae 

Parameters Values (%) 

Liquid fraction(oil)(%)  10 

Solid product (%)  79 

Gaseous product (%)  11 

Total conversion (%)  21 

4. Discussion  

4.1. Proximate analysis 

The amount of moisture, ash, volatile matter and fixed carbon in the solid biomass are input parameters that persuade 
the heating value of the solid fuel (Energy Efficiency Guide for Industry in Asia 2006).  

Moisture is referred to air dehydrated moisture, moisture content verify the ignition of solid in fuel. (Sanger, 2011) 
surplus of moisture is detrimental in fuel.  

Moisture decreases the heating rate of sample and carries away substantial quantity or release heat in the form of latent 
heat of vaporization. Moisture content also measure the weight of water loss due to dry at a temperature of 1050C for 
6 hours. The value of moisture content of the sample was found to be (3±0.33). This result was within the limit of 15% 
recommended by (Wilaipon, 2008), the also result clearly indicate that there is little amount of water present in the 
sample, when this oil is upgraded as fuel, it will result in no effect of corrosion to the engine due to few amount of water 
content (Ajiwe et al., 2006).  

Ash is parameters which directly affect heating value of fuel .Low ash content indicate that the fuel is suitable for thermal 
utilization, high ash content of biomass composed it less desirable as fuel (Demirbass, 2002). 

From the result in Table 3.1, it illustrate that the ash content of the sample was found to be (70.3±0.5%), this is relatively 
high as compared to the result (16.10%) reported by (Adrew et al 2015).This might be due to the presence of impurities 
that can attack the furnace constituent in strong heating (Denish et al., 2006). 

 the result in Table 3.1 illustrate that volatile matter of algae (chlorophyceae) was found to be (6.3±0.3) this result 
implies that the algae (chlorophyceae) can ignite easily when burn. The percentage of volatile matter in the analysis of 
sample was found to be lower than the value (23.1%) reported by (Denish et al., 2006).  
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Fixed carbon act as the main heat generator, Owing to fixed carbon content is a principle used for grading solid fuel, fuel 
with high fixed carbon value is ranked high than those with lower content. The amount of fixed carbon found in this 
research was found to be (20.2 ± 0.07%) which contradicted with result obtain by (Sanger, 2011). 

4.2. Mass Balance  

The result in table 3.2.show the product mass balance yield. The product yield were liquid (10wt%), gases (11wt%), 
solid (79wt%) and final conversion (21%) respectively. Liquid product is little low, the liquid product can increase when 
the reaction temperature is above 4500C or by the use of catalyst (Sensoz, 2003) a study to assess the potential of the 
pyrolysis technology to transform bark residue from Turkish pine to useful product like bio oil and the maximum liquid 
yield of (33.25wt%) was obtained at a final pyrolysis temperature of 450oC with a heating rate of 40oC/min. The char 
yield from pyrolysed algae was found to be (79wt%) while the reported char yield was (25wt%) (Denish et al., 2006)  

The gaseous product yield from pyrolyzed algae (chlorophyceae) was found to be (11wt%) and this was found to be 
lower than reported by (Denish et al., 2006) (68wt%). 

These variation could be attribute to some of the physicochemical alteration which take place in biomass when 
subjected to high temperature as well as increased surface area, enhanced pore volume, reduce cellulose degree of 
polymerization, increase biomass crystallinity, and melting and relocation of biomass. (Maschio and Lucchesi 1992). 

5. Conclusion 

In conclusion the pyrolysis of algae (chlorophyceae) was achieved in fixed bed reactor at a temperature of 4500C at 
heating rate of 270C/ minutes for 15 minutes and residence time of 30 minutes. Conclusively algae could be used as 
feedstock for generation of pyrolysed oil which could probably be upgraded to fuel for both domestic and industrial 
purposes. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest.  

References 

[1] Andrew Ndudi Efomahm, Agidi Gbabo. The Physical, Proximate and Ulimate Analysis of Rice Husk Briquettes 
Production from Vibratory Block Mould Briquetting Machine. Int. J. of Innovative Sci., Engr. & Tech. May 2015; 
2(5).  

[2] Akhar J. Amin NAS. A review on process condition for optimum bio-oil yield in hydrothermal liquefaction of bio 
mass. Renewable and sustainable energy reviews. 2011; 15: 1615-24. 

[3] Almustapha MN, Hassan LG, Ismaila A, Galadima A, Ladan MM. Comparative Analysis of Biodiesel from Jatropha 
Curca Seed Oil with Conventional Diesel Fuel (A.G.O.). Chem Class Journal. 2009; 6: 043-046. 

[4] Bae YJ, Ryu C, Jeon JK, Park J, Suh DJ, Suh YW, Chang D, Park YK. The characteristics of bio-oil produced from the 
pyrolysis of three marine macroalgae, Bioresour. Technol. 2011; 102: 3512-3520. 

[5] Banerjee A, Sharma R, Chisti Y, Banerjee UC. Botryococusbraunii: A renewable source of hydrocarbon and other 
chemicals. Crit. Rev. Biotechnol. 2002; 22: 245-279.  

[6] Bastianoni S, Coppola F, Tiezzi E, Colacevich A, Borghini F, Focardi S. Biodiesel potential from the orbetello lagoon 
macroalgae a comparison with sunflower feedstock. Biomass. Bioene. 2008; 10: 1-10. 

[7] Beis H, Onay O, Koçkar OM. Fixed-bed pyrolysis of safflower seed: influence of pyrolysis parameters on product 
yields and compositions. Renew Energy. 2002; 26(1): 21-32. 

[8] Bridgewater AV. Review of fast pyrolysis of biomass and product upgrading. Biomass and Bioenergy. 2012; 38, 
68-94. 

[9] Bridgewater AV, Meier D, Radlein D. An overview of fast pyrolysis of biomass. Organic Geochemistry. 1999; 30, 
12: 1479-1493. 



Open Access Research Journal of Engineering and Technology, 2021, 01(01), 032–038 

37 

[10] Brown RC. Thermochemical Processing of Biomass: Conversion into Fuel, Chemicals and Power. Wiley Hoboken, 
United States. 2011; 81: 1051-1063. 

[11] Bridgwater AV, S. Czernik, J. Piskorz. Fast Pyrolysis of Biomass: A Handbook Volume 2. Edited by Bridgwater, CPL 
Press Online Bookshop. 2002. 

[12] Boating A, C Mullen, N Goldberg, K Hicks. production of Bio oil from Alfalfa stems by fluidized Bed fast pyrolysis. 
Ind. Eng. Chem. Res. 2008; 47: 4115-4122.  

[13] Chisti Y. An unusual hydrocarbon. J. Ramsay. Soc. 1981; 27-28: 24-26. 

[14] Chisti Y. Biodiesel from microalgae. Biotechnol. Adv. 2007; 25: 294- 306. 

[15] Chisti Y. Biodiesel from microalgae beats bio-ethanol. Trends. Biotechnol. 2008; 26: 126-31. 

[16] Demirabas A, Balat M, Bolbas K. Direct and catalytic liquefaction of wood species in aqueous solution. Energy 
source, part a. 2005; 27(3): 271-7. 

[17] Demirbas A, Arin G. An Overview of Biomass Pyrolysis. Energy Sources. 2002; 24: 471-482.  

[18] Dinesh M, Charles UP, Jr, Philip HS. Pyrolysis of Wood/Biomass for Bio-oil: A Critical Review. Energy & Fuel. 2006; 
20: 848-889.  

[19] Fahmi R, Bridgwater AV, Donnison I, Yates N. The effect of lignin and inorganic species in biomass on pyrolysis 
oil yield, quality and stability. Fuel. 2008; 87: 1230–1240.  

[20] Fang Z, Sato T, Smith Jr RL, Inomata, H, Arai K, Kozinsk JA. Reaction chemistry and phase behavior of lignin in 
high temp and supercritical water. Bio Resource Technology. 2008; 99: 3424-30. 

[21] FAO yearbook. Fishery and aquaculture statistics, FoodLu, Q., Li, W.Z. & Zhu, X.F. (2009). Overview of fuel 
properties of biomass fast pyrolysis oils. Energy Conversion and Management, Vol.50, No.5, pp. 1376-1383, ISSN 
0196-8904 and Agriculture Organization of the United Nations. 2012. 

[22] Gavrilescu M, Chisti Y. Biotechnology a sustainable alternative for chemical industry. Biotechnol. Advan. 2005; 
23: 417-419. 

[23] Gust S. Combustion experience of flash pyrolysis fuel in intermediate size boilers. In: Bridgewater AV, Boocock 
DGBm editors. Development in Thermochemcial Biomass Conversion London: Blackie Academic and 
Professional. 1997; 481-8.  

[24] Gust S. Combustion experience of flash pyrolysis fuel in intermediate size boilers. In: Bridgewater AV, Boocock 
DGBm editors. Development in Thermochemcial Biomass Conversion London: Blackie Academic and 
Professional. 2000; 481-8.  

[25] Hodaifa, G, Martinex, M, Sanchez S. Use of industrial wastewater from olive-oil extraction for biomass production 
scenedesmus obliqus bioresource technology. 2008; 99(5): 1111-1117. 

[26] Industrial & Engineering Chemistry Research. 2003; 42: 267-79.  

[27] Kruse A, Gawlik A. Biomass conversion in water at 330-4100C and 30-50 hapa; Identification of key compound 
for indicating different chemical reaction pathways with the update of CO2 from industrial waste streams, and 
the removal of excess nutrient from waste water (Hodaifa et al 2008; Amn et al 2003). 

[28] Lu Q, L WZ, Zhu XF. Overview of fuel properties of biomass fast pyrolysis oils. Energy Conversion and 
Management. 2009; 50(5): 1376-1383. 

[29] Lu Q, L WZ, Zhu X.F. Overview of fuel properties of biomass fast pyrolysis oils. Energy Conversion and 
Management. 2009; 50(3): 1376-83. 

[30] Mohammad AS, Chow MC, Kartini ABN. Bio-oils from pyrolysis of oil palm empty fruit.  

[31] Mohan D, Pittman Jr CU, Stelle PH. Pyrolysis of wood biomass for bio oil. A critical review. Journal of fuel. 2006; 
20: 848 – 889.  

[32] Mullen C, Boateng. Chemical Composition of Bio oils Produced by Fast Pyrolysis of Two Energy Crops. Energy 
and Fuels. 2008; 22: 2104-2109.  

[33] Oasmaa A, Kuoppala E, Solantausta Y. Fast pyrolysis of forestry residue. 2. Physicochemical composition of 
product liquid. Energy & Fuels. 2003; 17(2): 433- 443. 



Open Access Research Journal of Engineering and Technology, 2021, 01(01), 032–038 

38 

[34] Oyedun AO, Lam KL, Gebreegziabher T, Lee HKM, Hui CW. Optimisation of Operating Parameters in Multi-Stage 
Pyrolysis, Chemical Engineering Transactions. 2012; 29: 655-660. 

[35] Pirt SJ. The thermodynamic efficiency (Quantum Demant) and dynamics of photosynthetic growth. New Phyto. 
2001; 103: 3-37. 

[36] Pringsheim EG. The soil water culture technique for growing algae. In: culturing of algae (Prescott JB and Tiffany 
LH). The Charles Kettering F. Foundation. 2005; 19-26. 

[37] Rick F, Vix U. Product standards for pyrolysis products for use as fuel in industrial firing plant. in: Biomass 
pyrolysis liquids upgrading and utilization, Elsevier applied science. 1991; 177-218. 

[38] Sanger HA, Mohod AG, Khandetode YP, Shrirame HY, Deshmukh AS. Study of Carbonization for Cashew Nut Shell. 
Res. J. Chem. Sci. 2011; 2: 43-48.  

[39] Sensoz. Slow pyrolysis of wood barks from pinus brutia ten and product compositions. Journal of bioresource 
technology. 2003; 89: 307 – 311.  

[40] Singh RK, Agarwalla A, Kumar S. Pyrolysis of groundnut de-oiled cake and characterization of liquid product. 
Bioresource Technology. 2011 Singh R.K., Volli V. Production of bio-oil and de-oiled cakes by thermal pyrolysis. 
Fuel. 2012. 

[41] Singh RK, Nayan NK, Kumar S. Production of liquid fuel by thermal pyrolysis of neem seed. Fuel. 2012.  

[42] Solantuala Y, Nyund N-O, Westerholm M, Koljonen T, Oasmaa A. wood pyrosis oil as fuel in a diesel power plant 
Bioresource Technology. 1993; 46:177-88. 

[43] Sokoto AM, Hassan LG, Dangoggo SM, Ahmad HG, Uba A. Influence of fatty acid methyl esters on fuel properties 
of biodiesel production from the seed oil of curcubitapepo. Nigerian Journal of basic and applied science. 2011; 
19: 81-86. 

[44] Strenziok R, Hansen U, Kunster H. Combustion of bio oil in a gas turbine. In:Bridgewater AV, editor. Progess in 
Thermochemical Biomass Conversion. Oxford: Blackwell Science. 2001; 1452-8. 

[45] Thomas DN. Seaweed. Washington, D.C.: Smithsonian Books; London: Natural History Museum. 2002. 

[46] Trinh NT, Jensen AP, Dam-johansen L, Knudsen NO, Sorensen HR, Hvilsted Sa. Comparison of lignin, macroalgae, 
wood, and straw fast pyrolysis, Energy Fuel. 2013; 27: 1399-1409.  

[47] Uamusse MM, Person KM, Tsamba AJ. Gasification of Cashew Nut Shell using Gasifier Storein Mozambique. 
Journal of Power and Energy Engineering. 2014; 2: 11- 18.  

[48] Wright MM, Satrio JA, Brown RC. Techno-Economic Analysis of Biomass Fast Pyrolysis to Transportation Fuels. 
NREL. 2010. 

[49] Yuan X, L, H, Zeng GM, Tong JY, Xie W. Sub and super critical liquefaction of rice straw in the presence of ethanol 
water and 2-propanol water mixture energy. 2007; 32(11): 2081-8. 


