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Lab Report for Bio-Fuel Lab
Introduction
Ethanol is considered the cleanest biofuel compared to others because it does not produce CO2 during combustion (Vohra et al., 2014). Ethanol is added to a mixture of fuels to reduce the emission of harmful gases emitted by vehicles and industries. This strategy helps to reduce pollution in the environment (Kim and Dale, 2004). Ethanol is produced through fermentation using cellulosic biomass as a substrate, such as banana peels and sugarcane (Karmee, 2016).  Biofuel production from food waste is cheap, and it is an excellent strategy to reduce organic waste in the environment. Organic matter makes up the most significant part of solid waste, which takes part in the emission of CO2 (Kiran et al., 2014a). Cellulose produces energy at low costs, and it is readily available and renewable (Lynd et al., 2008; Zhang, 2009). Cellulose is an enzyme produced by bacteria and fungi used in the fermentation process (Henrissat, 1991). Cellulase is a non-catalytic module, and it is in various industries. 
The production of ethanol through fermentation is an effective way for solid waste management. It should be encouraged because it reduces pollution and the impacts of greenhouse gases, thus making a sustainable environment. Some challenges might occur during the fermentation process despite food waste's ability to be converted to sugars that can ferment (Pham et al. 2015). The effluent and debris that is produced from the ethanol production process should be treated. The problem is solved by using integrated systems in ethanol production (Ma et al. 2008).
Yeast is utilized in all fermentation processes by converting glucose into ethanol (Chen 2011). Yeast cells break the sugar to produce CO2, which is used to determine the rate of fermentation (Zhang et al., 2012). This report is used to determine how efficiently yeast uses cellulosic substrates such as banana peels in the fermentation process.
Results
The following are the results obtained from the lab:
The rate of CO2 production with Sugar cane, 5mm CO2/min, was significantly different from the no substrate control, p = 0.05
The rate of the CO2 output with cellulose treated woodchips,10mm CO2/15min, was not different from the no cellulose treatment woodchips,1mm CO2/20min, p = 0.05
The rate of CO2 production cellulose treated banana peels,30mm CO2/5 min, are significantly different from the no cellulose treatment banana peels,4mm CO2/10min,p =0.05
Discussion
According to the results, the use of cellulose treatment increases the rate at which fermentation occurs. Materials containing cellulose are used for ethanol production, consisting of lignin, cellulose, and hemicelluloses. The starch molecules and glucose molecules make up the cellulose molecules. Hemicellulose is made up of glucose and sugar molecules. Ethanol is produced by enzymatic hydrolysis. Enzymes cause various chemical actions to take place. For this to work, the molecules to be hydrolyzed have to be identified.  Pretreatment is done to make the process effective because it breaks down the lignin to access cellulose and hemicellulose molecules.
The pretreatment method can be either chemical or physical, including temperature, to convert cellulose to glucose. Cellulosic materials have low solubility rates caused by hydrogen bonds in the sugar chains, making it difficult to access the cellulose (Zhang and Lynd, 2003, 2004a). The rates of de-polymerization for amorphous cellulose are faster than crystalline cellulose (Zhang et al., 2002a). When the availability of cellulose to cellulose increases, the hydrolysis rates become fast. (Hong et al., 2007; Zhang et al., 2006a). Reaction rates are faster when cellulose treatment is applied compared to when there is no treatment.
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Figure

Figure 1: Showing average rate of reaction of fermented sugarcane.


Appendix
Substrate
	[bookmark: _Hlk67768349]Student
	Start time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	Mean
	STD
	P value

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



SugarCane
	[bookmark: _Hlk67773437]Student
	Start time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	Mean
	STD
	P value

	1
	0
	0
	0
	0
	5
	7
	9
	13
	20
	23
	7.7
	6.5
	0.35

	2
	0
	0
	0
	0
	0
	4
	10
	15
	20
	26
	7.5
	7.56
	0.33

	3
	0
	0
	0
	0
	0
	5
	10
	18
	25
	30
	8.8
	9.7
	0.12

	4
	0
	0
	0
	0
	0
	10
	15
	17
	20
	23
	8.5
	6.8
	0.22

	5
	0
	0
	0
	0
	0
	0
	10
	15
	20
	30
	7.5
	8.5
	0.29





NotCellulaseTreatedWoodchips
	Student
	Start time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	Mean
	STD
	P value

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	1
	1
	2
	2
	2
	0.8
	0.7
	0.14

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	10
	10
	2
	3.6
	0.22

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0




CellulaseTreatedWoodchips
	Student
	Start time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	Mean
	STD
	P value

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	1
	2
	2
	2
	2
	2
	1.1
	0.64
	0.13

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	10
	10
	10
	10
	10
	10
	6
	3.1
	0.3

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0




NotCellulaseTreatedBananaPeels
	Student
	Start time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	Mean
	STD
	P value

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	1
	4
	6
	9
	13
	3.3
	3.7
	0.22

	3
	0
	0
	0
	1
	3
	5
	7
	10
	11
	13
	5
	4.8
	0.44

	4
	0
	0
	0
	0
	0
	0
	0
	12
	15
	20
	4.7
	7.9
	0.67

	5
	0
	0
	0
	3
	3
	5
	5
	10
	10
	10
	4.6
	8.9
	0.33











Fermentation Experiment
Rate of reaction	1	2	3	4	5	0.43720000000000003	0.46430000000000005	0.54290000000000005	0.56259999999999999	0.5554	Sugarcane
Average rate of reaction (mm/min)
