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Abstract— Protease enzymes are the enzymes that hydrolyse 

proteins. Each type of protease enzyme breaks specific kind 

of peptide bonds. These enzymes are of great commercial 

importance contributing to more than 40% of the world’s 

commercially produced enzymes. Approximately 50% of 

the enzymes used in industrial processes are proteolytic 

enzymes. Different substrates used for the protease enzyme 

production add to the cost and hence makes the process very 

costly, thus in this study we will add enzymes which will 

hydrolise protein at greater rate which can increase the 

production or produce energy and gas at low waste or dung. 

For this study we will introduce hydrolytic enzymes in a 

premixing chamber prepared to mix the dung and waste with 

the enzymes properly for its dilution. In order to develop a 

innovation from home itself the most unique and reliable 

source of energy to run house electronics are solar panels. 

Thesis solar panels are widely in use now a days and easy to 

install at roof top. In this study we will work on the 

utilization of hydrolytic enzymes in gobas gas plant for 3000 

sq. ft. residential house which can increase the production of 

gas at low volume of dung. Which can generate energy for 

house electronics. Also we will design a ground water 

storage tank for storing rain harvesting system. 

Keywords: rain harvesting, solar panel, renewable energy, 
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I. INTRODUCTION 

The procedures utilized for the creation of bio‐fuels can be 

expensive. Generally, the creation of bio‐fuels is upheld 

through government help, for example, amounts, charge 

exceptions, or direct generation sponsorships. Without this 

help, the expense of delivering numerous bio‐fuels isn't 

monetarily serious with non-renewable energy source 

creation. Bio‐ fills have other monetary downsides when 

contrasted with oil powers. Feedstocks for first and second‐

generation bio‐fuels must be developed, and thusly land 

accessibility is a worry. Transport costs must be 

incorporated, thus the separation to treatment facilities must 

be considered. Refining costs should likewise be 

remembered for the all out expenses, just as the effect upon 

related markets, for example, the nourishment business. This 

is a short rundown, however one that demonstrates there is a 

lot of work to be done to decrease the expense of assembling 

bio‐fuels.  

One bio‐fuel that has a preferred position when 

contrasted with others is biogas. Its bit of leeway depends on 

the tremendous inventory and kind of feedstock for biogas 

generation. Biogas is created from the anaerobic absorption 

of natural issue, for example, Gobas Gas Plant, 

biodegradable squanders, city strong waste, and excrement. 

It is for the most part made out of methane and carbon 

dioxide, with methane making up overall 60.5–65.5% 

(mole) of the gas. The benefit of biogas generation is that it 

is framed as a side result of anaerobic assimilation. There 

are no new land prerequisites for developing feed. 

Compound expenses might be required for cleaning, 

however biogas can likewise be utilized legitimately as 

shaped at times, requiring no additional expenses. For 

whatever length of time that wastewater treatment offices 

keep on using anaerobic assimilation, biogas will 

consistently be created.  

Protease enzymes are the enzymes that hydrolyse 

proteins. Each type of protease enzyme breaks specific kind 

of peptide bonds. These enzymes are of great commercial 

importance contributing to more than 40% of the world’s 

commercially produced enzymes. Approximately 50% of 

the enzymes used in industrial processes are proteolytic 

enzymes. Different substrates used for the protease enzyme 

production add to the cost and hence makes the process very 

costly. Different wastes like wheat bran, rice bran, vegetable 

waste and sweet potato residue are being explored as 

substrate to be utilized for enzyme production. However, the 

present review paper mainly focuses on the biodigested 

slurry either from cattle dung or poultry droppings based gas 

plant, which has sufficient nutrients and can be used for 

protease enzyme production. Poultry dropping and cow 

dung based biodigested slurry has been used first time as a 

substrate for protease production which may not only 

pertains to its value addition but will also cures 

environmental pollution by managing large amount of slurry 

discharge from biogas plant. 

A. Objectives of the study: 

− Complete energy balance on the anaerobic digesters at 

the wastewater treatment facility. 

− Perform batch digestion with continuous pH 

measurement. 

− Conduct parametric studies on pH, temperature, 

alkalinity, and volatile acid content. 

− Operate semi‐continuous system at conditions identified 

in parametric study. 

II. LITERATURE REVIEW 

Akyol ey. al. (2019) [Fungal bioaugmentation of anaerobic 

digesters fed with lignocellulosic biomass: What to expect 

from anaerobic fungus Orpinomyces] Energy-efficient 

biogas reactors are often designed and operated mimicking 

natural microbial ecosystems such as the digestive tracts of 

ruminants. Anaerobic fungi play a crucial role in the 

degradation of lignocellulose-rich fiber thanks to their high 

cellulolytic activity. Fungal bioaugmentation is therefore at 

the heart of our understanding of enhancing anaerobic 

digestion (AD). The efficiency of bioaugmentation with 

anaerobic fungus Orpinomyces sp. was evaluated in 

lignocellulose-based AD configurations. Fungal 

bioaugmentation increased the methane yield by 15-33% 
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during anaerobic co-digestion of cow manure and selected 

cereal crops/straws. Harvesting stage of the crops was a 

decisive parameter to influence methane production together 

with fungal bioaugmentation. A more efficient fermentation 

process in the bioaugmented digesters was distinguished by 

relatively-higher abundance of Synergistetes, which was 

mainly represented by the genus Anaerobaculum. On the 

contrary, the composition of the methanogenic archaea did 

not change, and the majority of methanogens was assigned 

to Methanosarcina. 

Mulat et. al. (2018) [Enhancing methane 

production from lignocellulosic biomass by combined 

steam-explosion pretreatment and bioaugmentation with 

cellulolytic bacterium Caldicellulosiruptor bescii] Author 

Studied the Biogas production from lignocellulosic biomass 

is generally considered to be challenging due to the 

recalcitrant nature of this biomass. In this study, the 

recalcitrance of birch was reduced by applying steam-

explosion (SE) pretreatment (210 °C and 10 min). 

Moreover, bioaugmentation with the cellulolytic 

bacterium Caldicellulosiruptor bescii was applied to 

possibly enhance the methane production from steam-

exploded birch in an anaerobic digestion (AD) process 

under thermophilic conditions (62 °C). the combined SE and 

bioaugmentation enhanced the methane yield up to 140% 

compared to untreated birch, while SE alone contributed to 

the major share of methane enhancement by 118%. The best 

methane improvement of 140% on day 50 was observed in 

bottles fed with pretreated birch and bioaugmentation with 

lower dosages of C. bescii (2 and 5% of inoculum volume). 

The maximum methane production rate also increased from 

4-mL CH4/g VS (volatile solids)/day for untreated birch to 

9-14-mL CH4/g VS/day for steam-exploded birch with 

applied bioaugmentation. Bioaugmentation was particularly 

effective for increasing the initial methane production rate 

of the pretreated birch yielding 21-44% more methane than 

the pretreated birch without applied bioaugmentation. The 

extent of solubilization of the organic matter was increased 

by more than twofold when combined SE pretreatment and 

bioaugmentation was used in comparison with the methane 

production from untreated birch. The beneficial effects of 

SE and bioaugmentation on methane yield indicated that 

biomass recalcitrance and hydrolysis step are the limiting 

factors for efficient AD of lignocellulosic biomass. 

Microbial community analysis by 16S rRNA amplicon 

sequencing showed that the microbial community 

composition was altered by the pretreatment and 

bioaugmentation processes. Notably, the enhanced methane 

production by pretreatment and bioaugmentation was well 

correlated with the increase in abundance of key bacterial 

and archaeal communities, particularly the hydrolytic 

bacterium Caldicoprobacter, several members of syntrophic 

acetate oxidizing bacteria and the 

hydrogenotrophic Methanothermobacter. demonstrated the 

potential of combined SE and bioaugmentation for 

enhancing methane production from lignocellulosic 

biomass. 

III. MATERIALS & METHODS 

Biogas is formed as a result of methanogenesis during 

anaerobic digestion. This gas is composed mostly of 

methane and carbon dioxide, but can also contain trace 

amounts of hydrogen sulfide, nitrogen, oxygen, and 

hydrogen. When looking at the heating values associated 

with biogas, one must not only account for methane, but 

also the heat sinks present, such as carbon dioxide and water 

vapor. The heating value of pure methane is 34,300 kJ/m3, 

while the heating value of biogas containing 40 – 80% 

methane ranges between 13,720 – 27,440 kJ/m3. The affect 

of water vapor upon the heating value is not as detrimental 

as carbon dioxide, but it can alter the flame temperature, 

flammability limits, and the fuel‐to‐air ratio for combustion. 

Depending on the temperature during digestion, the amount 

of water vapor in a sample of biogas may be as high as 6.6% 

(volumetric), equating to a water content of 50 mg of water 

vapor per liter of biogas. By way of the graph, the heating 

value of biogas decreases an average of 10% with the 

addition of 50 mg H2O/L biogas. A decrease of this nature 

shows the necessity for the removal of water vapor before 

use in order to achieve the maximum heating value. 

IV. PROCESS OF DIGESTION 

The digestion process is composed of four steps: hydrolysis, 

acidogenesis, acetogenesis, and methanogenesis. The 

mechanisms and conditions for digestion will be discussed 

for each of the four processes, along with an in‐depth look at 

the bacterial presence behind each. The discussion will be 

based upon the breakdown of Gobas Gas Plant. Figure 2.1 

shows a schematic breakdown of the digestion process and 

the products formed. Looking at Figure 2.1, it is convenient 

to see each of the stages of digestion independently, but all 

four occur simultaneously within a digester. The 

microorganisms involved with each phase are metabolically 

dependent upon each other for survival. For instance, 

methanogenic bacteria depend upon the end products of 

acetogenesis for survival, and acetogenic bacteria rely upon 

the methanogens to break down volatile fatty acids so that 

they do not become inhibited by their own end products. 

 
Fig. 1: Flow chart of the process 
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V. REDUCTION OF SOLIDS 

Anaerobic digestion has long been used as an effective 

method for reducing solids within the wastewater treatment 

process. Table 5.1 shows results from testing upon a sample 

of raw primary sludge and a digested sample, both used 

during batch tests. The substantial drop in solids from the 

raw sample to the digested sample verified the effectiveness 

of anaerobic digestion for reduction of solids. Volatile solids 

are organic material that can be decomposed, and therefore 

the digested sample had potential for further digestion. 

However, when the digest was allowed to run for one week 

after all methanogen activity had ceased, no additional 

breakdown of volatile solids was observed. Differences in 

sample alkalinity and pH were also noted. The low 

alkalinity and pH of the raw sample indicated an excess of 

acids, and were most likely responsible for the quick drop in 

pH shown in Figure 5.1 from each of the batch tests. Table 

5.1 represents only one sample of raw primary sludge 

obtained, but test results throughout the batch experiments 

were similar, pointing to only small variations between 

obtained samples. 

Digest 2 (08/24/2019) 
Raw Primary 

Sludge 

Digested 

Sludge 

Temperature (oC) 35 35 

Total Solids 6.93% 1.64% 

Volatile Solids 2.71% of total 
0.984% of 

total 

Alkalinity (mg/L as 

CaCO3) 
1,160 3,560 

pH 5.75 7.63 

VFA (mg/L as HAc) 295 385 

Table 1: Reduced solids during batch testing 

VI. ANALYSIS RESULTS 

The quality of the biogas was not measured throughout the 

semi‐continuous testing period, but was determined on the 

final day of testing to be 38% CH4. This indicated that the 

increased acid content in the digester, as seen in Table 2, 

caused the methanogen activity to decrease. The alkalinity 

of the system remained at a high level due to the use of 

sodium propionate for adjustment. The acid build‐up within 

the system caused product inhibition, further slowing the 

digestion process, affecting the quality of the produced gas 

and most likely affecting the quantity of produced gas. If the 

testing period were extended, it is possible that the digestion 

system would have overcome the acid build‐up. If so, gas 

production might have showed an increase in daily 

production and gas quality would have improved. 

 
Control Vial Samples 

(semi‐continuous) 

Parametric study‐

VFA content 

(Figure 4.8‐day 7) 

Parameter Control Adjusted Control Sample 1 

Quantity 
1.35 

mmol 

1.62 

mmol 

1.33 

mmol 

2.01 

mmol 

Quality 
79.03% 

CH4 

80.91% 

CH4 

83.69% 

CH4 

81.17% 

CH4 

Table 2: Comparison of control samples used during semi‐

continuous testing and parametric samples 

 

Parameters 

Dung Biogas based 

biodigested slurry  

plant % 

Protease enzyme 

Biodigested Plant 

% 

Ph 7.12 7.57 

Total Solids % 8.42 6.74 

Volatile Solids 

% 
66.43 64.33 

Ash % 33.03 32.05 

Cellulose % 10.26 12.48 

Hemicellulose 

% 
0.79 1.23 

Protien 0.41 0.20 

Methane CH4 50 65 

Table 3: Comparison of standard biogas plant with protease 

enzyme plant 

VII. CONCLUSION 

Optimization of the anaerobic digestion process resulted in 

the enhancement of biogas quantity and quality. Some 

adjustments proved to be vital while others proved to be 

ineffective. Batch testing upon the digestion process showed 

that pH was an effective indicator as to the stage of 

digestion. Through constant pH monitoring, each stage of 

digestion could be identified, providing a way for treatment 

plants to monitor digester activity. 

It was determined through parametric studies that 

all tested parameters were coupled. Therefore, one 

parameter cannot be altered without affecting others. Biogas 

production was highest near a neutral pH. The optimum 

range was defined to be 7.0‐7.5, as the samples within this 

range showed the highest mole fraction of methane 

throughout the testing period. 

The optimum temperature for digestion fell within 

the mesophilic range (30‐400C). Operation within this range 

provided stable production for both parametric and semi‐ 

continuous testing. Highest production was achieved at 

400C, but energy balances showed that maintaining 

digestion within the lower portion of the mesophilic range 

would be more energy efficient. 

Parametric testing upon alkalinity showed that a 

final tested range from 2,000-2,500 mg/L as CaCO3 

provided optimal gas production. The control sample, with 

no chemical adjustment, showed the highest production of 

any sample tested. Alkalinity adjustment with magnesium 

hydroxide caused both the alkalinity and pH to rise. This 

was due to the dissociation of magnesium hydroxide, which 

increased the hydroxide content of the digest, increasing the 

pH. 

Parametric adjustment of VFA content with sodium 

propionate altered both VFA content and alkalinity. This 

was caused as dissociation of sodium propionate creates a 

sink for H+, allowing the alkalinity to increase. Biogas 

production varied depending upon the amount of VFAs 

added at the beginning of testing. High initial levels of 

added VFA caused the digestion system to struggle in 

recovering, while small adjustments made with added VFA 

showed increased production at longer testing times. It was 

also observed that dilution of the sludge mixture, resulting 

in lower solids and lower microorganisms in solution, 

caused lower production of biogas. 
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Pressure within the digestion system had a 

profound effect on the quality and quantity of produced 

biogas. Increased system pressure resulted in increased 

yield, methane content, and heating value of the biogas. This 

was due to the effect of pressure on the VLE of carbon 

dioxide. By increasing the carbon dioxide content in 

solution, gas production can be increased through enhanced 

reduction of carbon dioxide. 

Semi‐continuous testing showed consistent biogas 

production throughout testing. A rise was expected at longer 

testing times based on parametric studies. Temperature and 

pH remained within the determined optimum range, while 

the alkalinity and VFA content rose farther than expected. 

Biogas quality measured at the end of testing showed only 

38% methane within the sample. Therefore, it was 

concluded that a high acid content within the digest caused 

methanogen activity to decline, resulting in a lower quality 

and quantity of biogas. 
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