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Abstract 

The use of alternative biomass sources that are not competitive with food production is intended for sustainable 

management in biogas production through anaerobic digestion. This study investigates the Napier grass and cattle slurry-

based biogas production application that could be applied more cost-effectively more sustainable production biogas. The 

laboratory-based biogas plant and a biogas plant in practice revealed that the results from the laboratory experiments were 

realistic and transferable into practice. The effect of feedstock screening on the biogas yield of Napier grass and cattle 

slurry was evaluated in batch digesters under mesophilic conditions. Moreover, highest methane content was reached 

64.4%. The biogas from the co-digestion of Napier grass and cow farm slurry containing the higher calorific value was 

25.69 MJ/m3, and the lower calorific value was 23.14 MJ/m3. The results demonstrated that combining Napier grass with 

common cow farm slurry can accelerate the reaction, increase efficiency, and increase methane content. Therefore, the co-

digestion of Napier grass and cow farm slurry was a promising method for increasing biogas production.   
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1. Introduction 

Coal, petroleum crude oil, and natural gas are all used extensively in the world's commodity markets as energy sources, 

fuels, and chemicals. However, since it takes millions of years for fossil fuels to form globally, their supplies are limited 
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and subject to depletion when used up [1-3]. Biomethane's benefits, such as reduced emissions and long-term sustainability, 

are frequently mentioned. The only other naturally occurring, energy-containing carbon resource known that is large 

enough to be used as a substitute for fossil fuels is biomass [4]. Biogas reduces greenhouse gas emissions while also 

improving protection because it can disperse electricity. The approach is better for the environment because it uses 

agricultural and industrial byproducts rather than conventional methods and uses biomass-generated power at a lower cost. 

Although the waste digestate produced by anaerobic decomposition is excellent, digestate is uncommon in agriculture due 

to the lack of air delivery [5]. Biomethane, which can be used for both power and distribution and is made from biogas, is 

easy to scale and allows for decentralized use of biomass. Data on Europe: livestock waste, crop residues, sewage, and 

Municipal Solid Waste (MSW)sludge are available. While the United States (U.S.) has few specific specifications, its 

manure and sludge shortage are restraints. The three categories that make up the total biogas capacity include animal waste, 

municipal waste, and organic waste (i.e., manure, agriculture residues and energy crops) [4].  One of the major greenhouse 

gases affecting the redistribution of solar energy in the Earth’s atmosphere is methane. About 20% of its anthropogenic 

emissions are produced by agriculture and, in particular, by livestock. The most significant volumes of greenhouse gases 

are emitted during intestinal fermentation of farm animals (about 40%) and synthetic fertilizers in crop production (more 

than 13%), and these figures are increasing every year.  

Greenhouse gases also occur during biological processes: agricultural generates the methane from total emissions are 

higher [6]. Mainly, methane emissions are produced by cattle and manure storage systems – particularly animal manure; 

and systems for collecting liquid manure, which is used by the vast majority of pig farms in the country, have higher 

methane emission factors. Livestock waste is also a source of other gases that, at high concentrations, can cause poisoning 

or explosions. Organic waste production involves high costs for agricultural enterprises and the food industry [7]. For the 

collection of wastewater, agrarian enterprises must build huge containers filled with wastewater and stored them for six 

months or more. So also considers further growth of livestock, pigs, and poultry – hence, the volume of waste could be 

increased, and environmental protection might be. For this reason, in recent years, there has been a growing awareness of 

the need for stricter waste management controls. 

All non-fossil organic materials with a chemical energy content are classified as biomass. In addition, there is virgin 

biomass, such as urban solid waste, municipal biosolids (sewage), animal wastes (manure), forestry and agricultural 

residues, and certain forms of industrial wastes. Biomass, unlike fossil fuels, is environmentally friendly since it takes only 

a short time to replace the energy source [8]. On a global scale, the energy capacity of biomass is immense. Standing 

biomass fuel, or renewable, above-ground biomass that could be harvested and used as an energy resource, is expected to 

be 100 times the global annual energy consumption.   

 

 
Figure-1.  
A schematic overview of the biogas production process from Napier grass and cattle slurry. 

 

The technology for producing biogas has been around since the early 1900s, when it was first used to stabilize organic 

sludge produced during domestic sewage treatment [9]. It has also been used in India since 1923 and in China for nearly 72 

years. This technology has not reached its full potential in the last 50–60 years for various reasons. However, interest in this 

technology has recently increased, particularly in developing countries. Governments in Asia, including China, India, 

Nepal, Thailand, and Lao etc., have shown varying degrees of interest in biogas technology. More than 90% of existing 

biogas plants are family-sized, with the remainder being farm or industrial-scale [4, 5].  

As a biogas feedstock, lignocellulose biomass, such as energy crops, forestry residues, and farm rubble, is gaining 

popularity. This is a long-term and valuable resource [10]. Anaerobic digestion (AD) is a biogas extraction technique from 

lignocellulosic biomass that is thought to be a safe way to use biomass. In the absence of oxygen, anaerobic digestion (AD) 

is a microbial process that breaks down complex organic molecules such as carbohydrates, proteins, and lipids into 

methane and carbon dioxide [11]. Methane, with a calorific value of 50 kJ/g, can be used as a renewable energy source. 

Perennial grasses are an excellent source of lignocellulosic biomass for biogas production because they are easy to grow, 

harvest, and process and are available all year. Several perennial grasses, including para, ruzi, guinea, and Napier grass, can 

be used as biogas feedstock in Thailand. Napier grass is the most valuable of these grasses, producing 75 tons of biomass 
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per hectare per year. In addition, several studies have found that co-digestion generates more biogas than mono-digestion 

[12, 13]. This study overview and concept were presented in Figure 1. Present study aimed for biogas production with the 

co-digestion of Napier grass with cattle slurry was evaluated in this study during the AD processes for biogas production. 

 

2. Materials and Methods  
2.1. Feedstocks preparation   

Fresh Napier grass was harvested from a cattle feed growing field on the Faculty of Animal Science and Technology's 

experimental farm in Chiang Mai, Thailand. The biomass was then delivered to Maejo University's Energy Research 

Center. Stones, bedding, forage grasses, and other impurities in Napiergrass were removed after it was collected. Before 

being used, the napiergrass was air-dried and then cut into 10 mm fragments using a grass crusher unit. Next, the Napier 

grass samples were crushed and sieved with mesh before being dried in the open air. Traditional cattle home farming in 

Maefake village, near Maejo University, provided the fresh cattle slurry (cow farm slurry) with manure (Figure 2). Finally, 

the inoculum was obtained from a mesophilic biogas digester with a 1:1 ratio of Napiergrass and cattle slurry as substrates 

in the Energy Research Center-Maejo University (MJU).   

The lignin and hemicellulose in lignocellulosic biomass are extracted during pretreatment, leaving only cellulose 

(glucan) in the solid. For example, a chemical pretreatment effectively hydrolyzes hemicellulose, while an alkaline solution 

pretreatment dissolves lignin from Napier grass. Therefore, the lignin removal rate can be improved by adding alkaline 

pretreatment to the solid fraction that remains after the diluted acid pretreatment. However, previous studies have focused 

on individual pretreatment methods of lignocellulosic biomass [12, 14]. In this study, prepared Napier grass biomass was 

treated with 2% (NaOH). The biomass was incubated at room temperature for two days with 2 percent NaOH (w/v), during 

which the biomass (insoluble fraction) was collected and washed with tap water until the pH was neutral. The pretreated 

biomass was placed in sealed plastic bags at 4°C after being dehydrated to remove free water. 

 

 
Figure-2.  

Feedstocks preparations: Napier grass and cow farm slurry. 

 

2.2. Determination test of biogas components 

 A batch AD test was conducted using 1000 mL duran laboratory bottles (working volume: 700 mL) as reactors to 

evaluate the biogas components. The substrate weight ratio is 1:1, and the inoculum volume was 100 ml. For 45 days, both 

reactors were held at 37±2°C in a constant temperature water bath (Figure 3). Methods for water displacement and gas 

analyzer were employed to collect and analyze the biogas production and components, respectively [9, 11].

 
Figure-3.  
Biogas batch system (1. fermenter, 2. mini water bath, 3. gas holder, 4. 

thermostatic water bath, 5. volve, 6. gas transfer tube). 

2.3. Analytical methods 

Total solids (TS) and volatile solids (VS), pH, were measured according to standard methods [15] and the contents of 

lignin, hemicellulose, and cellulose were determined according to the procedures proposed by Soest, et al. [16].  
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2.4. Statistical analysis 

All analytical reports were double-checked at least triplicate. The mean and standard deviation of various parameters 

were calculated. Microsoft Excel 2003 for Windows was used to examine the standard deviations. 

 

3. Results and Discussion  
3.1. Napier Grass New Energy Crops: Opportunities and Importance 

Napier grass (Pennisetum purpureum Schum.)  is a fast-growing perennial grass native to Sub-Saharan Africa that is 

widely cultivated throughout the world's tropical and subtropical regions [17]. It is a versatile forage crop that is mainly 

used to feed cattle in cut-and-carry systems. A moderate level of genetic variation was discovered in a small selection of 

Napier grasses during characterization and diversity studies, highlighting the availability of some good agronomic traits, 

exceptionally high biomass production [18]. Napier grass can accumulate more than 60 Mg/year of dry matter when 

supplied with sufficient N and moisture and subjected to proper growing conditions, especially during the active growing 

season. In total, that is, the annual yield of 40 Mg dry matter from each hectare of forest annually [14]. Therefore, there are 

strong arguments for this type of grass, especially given its reputation for producing an extremely high milk and protein 

yield as a primary fodder crop for cattle. Besides the plants with high fiber production yields, besides dry matter, bioenergy 

requires quality characteristics, including high-fiber yields and low water content. 

 
Table-1. 

Physicochemical characteristics of feedstocks. 

Parameter Napier grass Cow farm slurry Inoculum 

Moisture content (%) 88.43  ± 1.43 79.78 ± 1.77 – 

Ash Content (%) 29.88 ± 0.51 28.59 ± 1.63 – 

pH 4.88 ± 0.24 7.9 ± 0.58 6.45 ± 1.11 

Total Solids (%) 89.92 ± 0.77 29.23 ± 0.19 5.04 ± 0.11 

Volatile Solid (%) 85.72 ± 0.13 20.79 ± 0.89 4.51 ± 0.05 

Crude Protein (%) 11.65 ± 0.01 16.40 ± 1.45 – 

Crude Fat (%) 3.30 ± 0.58 5.98 ± 1.78 – 

Cellulose (%) 40.05 ± 0.12 17.71 ± 0.33 – 

Hemicellulose (%) 26.23 ± 0.45 25.96 ± 1.48 – 

Lignin (%) 24.11 ± 0.17 5.93 ± 1.31 – 

Total Sugar (%) 46.68 ± 1.48 51.97 ± 0.22 – 

Total Carbon (%) 38.26 ± 0.25 39.80 ± 1.33 35.99 ± 0.11 

Total Nitrogen (%) 2.15 ± 0.06 2.68 ± 0.72 3.35 ± 0.05 

C/N 17.83 ± 1.16 14.85 ± 0.03 10.74 ± 0.12 

 

According to data collected from experiments show on Table 1, the average annual dry matter production of Napier 

grass in non-fertile soils is about 30 metric tons per hectare, with suitable amounts of lignin in the fuel. Compared to 

common protein sources, the proteins provided by Napier grass genetic material production seeds were found to be reduced 

to average levels [18]. Although biomass production was only slightly lower than in the fertilized environment, yields 

remained high compared to previous levels. Thus, it also improves the suitability of biomass for energy production, with a 

two-year yield per year. Physicochemical characteristics of feedstocks were presented in Table 1. 

 

3.2. Slurry Manure Utilization in a Cow Farm Is a New Concept 

Agricultural concerns like greenhouse gases seeping into land and water have caused widespread health problems for 

humans and livestock, decreasing the spread of animal manure. Animal wastes could lead the land- and water-spreading 

results in greenhouse gas emissions and human and animal sickness, spreading animal and environmental pollution. 

Animals and crop excrement wastewater can be used to return cows, horses, and sheep to their liquid state, and so on. 

Slurry and manure have traditionally been applied to the soil. Sources of water and air and contamination cannot be 

considered at the moment. The rivers entering the body have wiped out fish and marine life. Eutrophication in shallow 

bodies of water and lakes can harm biotic systems by causing algal blooms and increased solid loading. A rise in the 

emission of ammonia gases from land and animals is believed to cause increased soil pollution. A daily production cow 

requires roughly 435 gallons of water (about 113 L for drinking and the rest for flushing manure alleys) [19]. This estimate 

may be underestimated because the water for animal or human drinking water is not factored in. in the best interest of the 

environment. To properly dispose of and/or utilize cattle manure, this waste stream must be characterized in order to assess 

its value as a feedstock for energy production. Furthermore, the growing global population and food demand have favored 

cattle production operations, necessitating selecting proper manure disposal methods [20]. As a result, various waste 
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management solutions have been investigated to replace the traditional spread of manure onto soils in order to address this 

major waste problem. As a result, this paper investigates biochemical and thermochemical processes and existing 

operational practices for reducing solids during electricity processing and the potential for upgrading biogas for 

transportation and heating. 

 

3.3. Anaerobic Digestion 

Because of their high biogas yield per tonne of fresh matter, the use of dedicated energy crops in anaerobic co-digestion 

systems becomes appealing; additionally, they can achieve adequate carbon to nitrogen ratios (C:N). The biogas inventory 

data was presented in line with previous research that used lab-scale experiments to assess biogas capacity. The anaerobic 

digestion process can generate biogas from a wide range of organic substrates. However, most biogas research involves co-

digesting various forms of agro-industrial wastes with manure [21, 22]. As a result, agricultural biomasses for biogas 

processing have grown in popularity over the last few years. In this study, Napier grass and cow farm slurry was used to 

apply a green energy technology for biogas production. Animal manure and energy crops are the most energy-dense 

substrates. Although livestock effluent has a low methane yield, the large amount of manure produced allows for a high 

annual methane output. Energy crops have a high energy density, fast kinetics, and a high output capacity [23, 24]. 

 

 
Figure-4.  
Biogas production from the untreated and treated fermenter. 

 

One approach to improving the economics of dairy digesters is to increase their biogas production rate by co-digesting 

manure with more degradable wastes, as long as such wastes are available near dairy farms and the farmland can use the 

wastes' nutrients and salts [25, 26]. Furthermore, Co-digestion of different materials may improve anaerobic digestion by 

improving carbon and nutrient balance [27]. In addition, the digestion of multiple substrates in the same digester can result 

in positive synergism, and the additional nutrients can aid microbial growth. In this study, biogas production results were 

shown in Figure 4. The biogas production was highest about 230ml/day on the 35 day with pretreatment. The results 

reveled that pretreatments improves the biogas yield. 

 

 
Figure-5.  
Methane content of biogas from the untreated and treated fermenter. 

 

The biogas system untreated and treated samples biogas total yield was 2139.14 and 6994.50 ml, respectively. In 

addition, it was shown that pretreated substrates were given the high-yield biogas (3 times higher) than the untreated 

fermenter. Furthermore, similarly, methane percentage of untreated (18.83%, highest) and treated (64.44%, highest) 

fermentation results were shown in Figure 5. From the available literature, methane yield increased from 230 to 450 

L/kgVS added during mesophilic anaerobic co-digestion of cattle manure and fruit and vegetable wastes in a continuous 

stirred tank reactor at 35 °C and increasing the percentage of fruit and vegetable wastes from 20% to 50%. Batch co-

digestion of cattle manure with molasses (50% on a dry weight basis) at 35 °C increased biogas yield from 60 to 230 

L/kgVS added. However, their cattle manure biogas yield is lower than the yield reported by other researchers for dairy 

manure [28].
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The purpose of this study was to look into the feasibility of incorporating source-slurry and energy crops biomass into 

digesters. Because of its high biodegradability, cow farm slurry is a desirable material to co-digestion with Napier grass. 

Besides total biogas and methane content, other biogas compositions (carbon dioxide, sulfur dioxide, oxygen, etc.) were not 

reported in the paper. In further scale-up studies, we will provide all the detailed information and biochemical analysis and 

degradation details. The higher calorific values (HCV) and lower calorific values (LCV) of pure methane were 39.82 and 

35.87 MJ/m3. HCV and LCV of produced biogas were determined according to the following formula:  

HCVbiogas =0.3989 x MC = 0.0213 (R2 =1)       Eq. (1). 

LCVbiogas =0.3593 x MC = 0.0192 (R2 =1)        Eq. (2). 

 

where MC is the methane content in biogas (%). The biogas from the co-digestion of Napier grass and cow farm slurry 

containing the HCV was 25.69 MJ/m3 and LCV was 23.14 MJ/m3. Thus, it was much higher than biogas production from 

traditional AD [29-31] accordingly, this study verified that high-calorific biogas was obtained in this study system. We 

need to evaluate fuel quality, obtain biomass sources for analysis, and fuel quality research in general and from various 

sources a priority to meet our country's energy requirements. As long as biomass-based energy helps reduce deforestation, 

net greenhouse gas emissions and farm chemical runoff, it is acceptable. Napier grass with cow farm slurry could also be a 

good natural gas substitute. However, in this case, the durability of the gas output is insufficient. Therefore, more waste 

material combinations must be investigated, with  Napier grass and/or cow farm slurry, in particular, acting as an 

accelerator. Improved results are thought to be possible with appropriate waste material combinations and proper 

environmental adjustments. 

 

4. Conclusion 
Anaerobic digestion is a waste management strategy that eliminates waste while producing biogas. Biogas is a type of 

renewable energy that is primarily composed of methane and carbon dioxide. This is suitable for use in transportation, 

energy generation, and cooking. Keeping key parameters within the desired range would improve biogas production as 

well. The availability of information on various biomass waste components is critical for the efficient implementation of 

anaerobic digestion. This study determined the production of biogas and methane yields of treated Napier grass and cow 

farm slurry using an anaerobic batch digester at 35 (±2) °C. All the batch digestion tests were performed for 45 days, which 

was determined to achieve the complete digestion of all the substrates studied, and methane content is reached 66.4%. In 

many countries, biomethane as a source of energy may be a critical component of the transition to sustainability. This 

research may be helpful for various types of developing countries as well.  
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