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ABSTRACT. Present work deals with the exhaustive investigations of rapid de-lignification 

processes from source-sorted organic fractions that are recalcitrant in nature. Organic solid wastes 

(OSW) belong to the organic fraction of municipal solid wastes (MSW) and they act as enormous 

potential substrate for alternative source of energy in the form of bio-fuels. Nevertheless, these 

substrates are not easily biodegradable and the degree of biodegradability is solely dependent on 

the composition and characteristic of organic solid wastes in municipal solid wastes. The 

component responsible for recalcitrance of organic solid wastes is lignin that occurs in variable 

amounts in different plant residues. In order to remove the recalcitrance from organic fraction 

municipal solid wastes and to make it more easily degradable by microbial groups, certain 

pretreatment techniques have been adopted and they are applied either individually or in 

combined way for enhancement of anaerobic digestion (AD) process. 

The present work studied the effect of acid treatment with acetic acid on the used substrate, 

evaluated its effectiveness on biogas production, and studied the concentrations of CH4 and CO2 

during the fermentation period, which amounted to 90 days. All results are presented in clear 

curves for the purpose of facilitating the study. 

1- INTRODUCTION 

Evolution, prosperity, urbanization, and rushed time wheel, all of these development aspects have 

their abuses. Major issues can be represented in that the beautiful world has been suffering the 

breakdown of its ecosystem with very serious environmental and health problems. The increase 

of greenhouse gases (GHGs) emissions indicates a mounting threat of climate change results in 

the global warming[1]. Due to prevention of these accumulated gases in the atmospheric envelop, 

the solar radiation trapped by the Earth's surface from reemitting again [2]. 
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Carbon dioxide is the first greenhouse gas responsible of the global warming. In addition, there 

are enormous types of pollutants generated from large number of industrial processes in the world 

which contribute to global warming. This situation has committed decision makers, policies, 

agencies, academic sector meet the challenges to find alternative, sustainable and 

environmentally friendly energy sources. So, Clean Energy Technology (CET) has been 

established to fulfill these demands. In recent years, due to the adverse effects of conventional 

fuel on the environment as well as their cost escalation, the use of renewable energy sources for 

power generation has been seriously considered [3]. 

2- Materials and Methodology 

2.1 Experimental Setup 

In this work, anaerobic digesters were used, four digesters made of plastic, each digesting 

capacity of 30 liters, As shown in Figure (1). Three holes were made in each digester. The first 

hole is 2 inches in diameter and used to enter waste, the second is 1.5 inches in diameter to 

extract waste, and the third hole is 1 inch in diameter to extract gases in the gas collection tank. 

The fermentation process was carried out at room temperature, i.e., under uncontrolled 

conditions, and sensors were connected for the purpose of measuring carbon dioxide and methane 

concentrations, temperatures and pH in each digester on a daily basis throughout the test period. 

For the purpose of calculating the changes that occur in the four digesters, all sensors were 

connected to the Arduino Mega device to calculate the production of CH4 and CO2 gas and 

temperatures in each digester and record the results on a daily basis. 

Figure (1) The device used during anaerobic digestion 

2.2 Substrate Samples Preparation 

During this study, the giant reed (GR) was relied on as a substrate during the anaerobic digestion 

process after mechanical and acid treatment was performed on it, and an appropriate vaccine cow 
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dung (CD) was added for the purpose of accelerating the production process and ensuring the 

success of the process. 

2.2.1 Physical pretreatment: 

This was done using a knife and an electric mixer. The goal was to reduce the particle size in the 

range of 1-2 mm. The size of this particle increases the usable area for cell enzymes to invade 

biomass resulting in faster degradation. It also improves mixing efficiency. 

2.2.2 Chemical pretreatment 

In this test acetic acid was used for the purpose of processing (GR). Three different 

concentrations were used and the chemical treatment was started according to the steps described 

below 

 Four flasks are prepared for filling with water in equal proportions

 (GR) was placed inside the beakers

 Acetic acid was added to the flasks until the pH value was reached in the first flask (5),

the second flask (6) and the third flask (7), while the fourth flask was not treated.

 Soak (GR) for 24 hours.

 After soaking, (GR) is placed in the sun to dry.

After drying (GR) is placed in four digesters with water and (CD) inoculum in equal proportions 

as shown in Table (1) and then the digesters are closed tightly.  

Table No. (1) shows the proportions of the components of the substrate 

Features giant reed (GR) water cow dung (CD) 

Digesters (1,2,3, and 4) 4 kg 8 kg 4 kg 

In each digestion, inert gas (nitrogen) was added for 10 minutes in order to expel all the oxygen 

from inside the digesters to create an anaerobic environment during the fermentation process. 

Table No (2) shows the ratio of acid treatment by acetic acid to (GR) in each digestion 

Digester NO 1 2 3 4 

pH value during acid treatment 5 6  7 Without pretreatment 

3. Results and Discussion

Figure (2) shows the production of CO2 and by observing Figure (3) it is noted that the pH value 

began to decrease during the first few weeks and this decrease in the pH value leads to an 

increase in carbon dioxide. The low pH value was due to acid formation in the early stages of the 
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product. The carbon dioxide concentration begins to decrease gradually as methane production 

increases and the pH value increases[4]. 

Figure (2) CO2 production through time 

Figure (3) shows the fluctuations of the pH value, where we notice a decrease in the pH of 

digestion in the early stages of the digestion process, because the bacteria generate acid and then 

the pH value begins to increase gradually. During this period the pH has a direct relationship with 

biogas because an increase in the pH value means an increase in biogas production, but when it 

rises significantly the biogas begins to decrease. The pH value during the digestion period was 

from (5.8 to 7.9) where the pH value obtained at the end of the experiment was 7.8 (D1), 7 (D2), 

8 (D3) and 7.4 (D4) which are acceptable for biogas production[5]. 

Figure (6) pH value through time 

The acid treatment performed on the substrate in the four digesters resulted in a difference in The 

production of methane gas, as shown in Figure (4), where it was noted that the first digester had 

the highest production, because the acid treatment breaks the structure of Lignin disrupts the 

crystal structure of cellulose, which helps enzymes to Quick and easy access to cellulose and 

working to break it down [6]. 
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Figure (5) Methane production through time 

Through the observation of Figure (5), it becomes clear to us the effect of temperature on the 

production of biogas, as we notice that the first digester, which has the highest production of 

biogas, has the highest temperatures compared with other digesters, then the second, third and 

fourth digesters, respectively[7]. 

Figure (3) shows temperature changes over time 

4-Conclusions 

The aim of the study is to measure the effect of acid pretreatment with different concentrations of 

acetic acid for 24 hours on the substrate consisting of (GR) with the addition of quantities of 

vaccine (CD) on the quantity and quality of biogas generated during this 90 day experiment. The 
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results showed that the best biogas production and the best daily methane production were when 

using acid pretreatment when the pH value was 4.5 and for 24 hours. 
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Nomenclature: 

AD  Anaerobic Digestion 

CD      Cow Dung 

GR  Giant Reed 
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