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Abstract: Biogas production from organic waste has become an important area of interest 

for sustainable energy solutions and waste management. This study explores how 

temperature influences biogas production from different types of waste, including fruit and 

vegetable waste, agricultural by-products, biomass, industrial waste, animal manure, and 

animal carcasses. The research covers a temperature range from 10°C to 50°C to assess its 

impact on biogas yields. The results show a clear trend of increasing biogas production as 

temperature rises, with the highest rates seen in fruit and vegetable waste, followed by 

animal manure. While all materials benefit from higher temperatures, the pace of increase 

varies due to their different chemical compositions. The findings suggest that plant-based 

wastes, particularly fruit and vegetable scraps, are most effective for biogas production under 

warmer conditions. This study offers valuable insights into optimizing temperature for 

efficient biogas production, advancing the potential of organic waste as a renewable energy 

source. 

Keywords: Biogas production, temperature, organic waste, anaerobic digestion, renewable 

energy, waste-to-energy, plant-based waste, animal manure, biomass, bioenergy 

optimization. 
 

1.INTRODUCTİON 

 

 

The growing issue of food waste presents a dual 

challenge: its environmental impact and the 

wastage of valuable resources. Globally, 

approximately one-third of all food produced—

about 1.3 billion tons annually—is wasted, 

contributing to significant environmental 

problems such as methane emissions from 

landfills and the inefficient use of water, energy, 

and agricultural inputs (FAO, 2023). This 

inefficiency underscores the urgent need for 

sustainable waste management solutions that not 

only mitigate environmental harm but also 

recover value from waste materials [1, 2, 3]. 

Anaerobic digestion (AD), a biochemical process 

in which microorganisms break down organic 

matter in an oxygen-free environment, has 

emerged as a promising technology to address 

these challenges. AD not only converts food 

waste into biogas, a renewable energy source, but 

also produces nutrient-rich digestate that can be 

used as fertilizer (Angelidaki et al., 2020). This 

dual benefit makes AD a cornerstone technology 

in achieving a circular economy by transforming 

waste into valuable resources (Opatokun et al., 

2019) [4, 5]. 

 

2. EXPERİMENTAL DETAİL 

The chemical composition of food waste—

comprising carbohydrates, proteins, and lipids—

makes it an excellent substrate for biogas production 

(Awasthi et al., 2021). However, several factors 

influence the efficiency of the anaerobic digestion 

process. Variability in food waste composition, 

which often includes high moisture content and 

seasonal fluctuations, poses challenges to consistent 

biogas yields (Mao et al., 2020). Furthermore, 

inhibitory substances such as excessive lipids or 

ammonia from protein degradation can hinder 

microbial activity and reduce process efficiency (Li 

et al., 2020) [6]. 

To address these issues, pretreatment technologies 

such as thermal, mechanical, and chemical methods 

are increasingly being adopted. These methods aim 

to enhance the biodegradability of food waste by 

breaking down complex organic structures, thereby 

increasing microbial accessibility to the substrate 

(Xu et al., 2021). Advanced process optimization 

techniques, including co-digestion with other 

organic wastes and the use of microbial consortia, 

have also shown promise in improving methane 

yields and process stability (Holm-Nielsen et al., 

2020) [7, 8]. 

Beyond biogas production, anaerobic digestion of 

food waste provides critical environmental benefits. 

By diverting food waste from landfills, AD 

significantly reduces methane emissions—a 

greenhouse gas that is over 25 times more potent 

than CO₂ over a 100-year period (Massé et al., 2021). 
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Additionally, the nutrient-rich digestate produced 

during the process can be used as a biofertilizer, 

reducing reliance on chemical fertilizers and 

promoting soil health (Tamburini et al., 2022). 

This study focuses on the optimization of anaerobic 

digestion processes for food waste to enhance biogas 

production and ensure process sustainability. 

Specific attention is given to the impact of 

operational parameters, pretreatment strategies, and 

feedstock variability on system performance. By 

addressing these critical factors, this research aims to 

contribute to the broader goals of sustainable energy 

generation, waste management, and resource 

recovery within a circular economy framework [8, 

9]. 

 

Materials and Methods 

Food Waste Collection and Classification 

Food waste samples were collected from a variety of 

sources, including residential areas, public catering 

facilities (restaurants, cafeterias), supermarkets, and 

agricultural production sites. This approach aimed to 

ensure that the collected waste reflected a diverse 

composition, in line with real-life ecological 

conditions and potential for recycling. Upon arrival 

at the laboratory, the samples were subjected to a 

detailed ecological and biological assessment, 

including microbiological and chemical composition 

analysis. This procedure was crucial for 

understanding the molecular and biochemical 

characteristics of the food waste to prepare it for 

subsequent anaerobic digestion processes [10]. 

Initially, food waste was sorted based on its main 

components: carbohydrates, fats, proteins, fibers, 

and non-organic materials (plastics, metals, glass). 

The chemical and energy content of each category 

was analyzed to assess its potential for biogas 

production. This classification allowed for a more 

accurate understanding of how food waste can be 

used for bioenergy generation and the optimization 

of the anaerobic digestion process [11, 12]. 

Preparation of Food Waste and Chemical 

Composition Analysis 

The collected waste underwent several 

preprocessing steps to optimize its quality for biogas 

production. First, non-organic components such as 

metals, glass, and plastics were removed through 

mechanical and magnetic separation. Subsequently, 

the organic components were shredded into particles 

ranging from 1 to 3 mm in size. This step facilitated 

better microbial access during the anaerobic 

digestion process and enhanced biogas yield [13]. 

To optimize the carbon-to-nitrogen (C/N) ratio, 

additional food waste materials were mixed. Carbon-

rich components (e.g., fruit peels) were combined 

with nitrogen-rich components (e.g., meat, and dairy 

products) to balance the ratio, ensuring ideal 

conditions for anaerobic microbial activity. This 

balance is critical for improving methane production 

and overall digestibility [14]. 

Chemical Characterization of Food Waste 

A detailed chemical analysis was conducted to 

assess the suitability of the food waste for anaerobic 

digestion. Key parameters analyzed included: 

1. Total Solids (TS) and Volatile Solids (VS): 

These measurements were essential for 

determining the energy potential of the food 

waste. 

2. Carbon-to-Nitrogen (C/N) Ratio: This was 

measured to optimize the conditions for 

microbial activity and ensure that the waste 

would yield high-quality biogas. 

3. Biochemical Methane Potential (BMP) Test: 

This test was used to estimate the methane 

production potential of the food waste under 

anaerobic conditions. It provided insights into the 

efficiency of the food waste as a substrate for 

biogas generation. 

4. Fat, Protein, and Carbohydrate Content: 

These components were evaluated for their 

impact on biogas production. Higher levels of 

proteins and fats can contribute significantly to 

the biogas yield. 

These analyses provided essential data on the 

composition and bioenergy potential of the food 

waste, which was crucial for optimizing the 

anaerobic digestion process [15]. 

 

Results and Discussion: 

 

 
 

Fig.1.Effect of temperature on bioenergy 

production from different plant and animal 

materials. 

 

The graph shows how bioenergy production from 

different wastes changes as temperature increases. 

Bioenergy from fruit and vegetable waste shows 

faster growth than other materials, while animal 

carcasses and industrial waste show slower growth. 

The results obtained from this graph demonstrate the 

impact of temperature on biogas production from 

various plant and animal-based materials. As the 

temperature increases, biogas production is observed 

to increase across most materials, although the rate 

of increase and the efficiency of biogas production 

vary for each material. 

1. Fruit and Vegetable Waste: Biogas production 

from these materials increases most rapidly with 

rising temperature. The highest biogas production 

is observed at 50°C, which is attributed to the high 

carbohydrate and fiber content of fruit and 
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vegetable waste. These materials decompose 

quickly in anaerobic digestion, leading to an 

increase in methane production. This makes fruit 

and vegetable waste an ideal substrate for biogas 

production. 

2. Agricultural Waste: Biogas production from 

agricultural waste also increases with rising 

temperature, but at a slower rate compared to fruit 

and vegetable waste. This is due to the slower 

decomposition of complex substances like 

cellulose and lignin in agricultural waste during 

anaerobic digestion. Higher temperatures facilitate 

the breakdown of these substances more quickly, 

but the increase in biogas production is more 

gradual. 

3. Biomass: Biomass materials (such as wood waste 

and other plant materials) show moderate growth 

in biogas production. The cellulose and lignin in 

these materials break down more efficiently at 

higher temperatures. Additionally, these materials 

require more heat, which is essential for 

maximizing their biogas production. 

4. Industrial Waste: Biogas production from 

industrial waste, such as sugar and alcohol 

production residues, is less efficient. These wastes 

are primarily composed of inorganic substances 

rather than organic matter, leading to lower biogas 

production. While these materials can still be 

useful at relatively low temperatures, their biogas 

production potential is limited. 

5. Animal Manure: Biogas production from animal 

manure significantly increases with rising 

temperature. Manure from cattle and pigs, with 

their high nitrogen and carbon content, creates an 

ideal environment for biogas production. These 

materials break down rapidly in anaerobic 

digestion, resulting in an increase in methane 

production. 

6. Animal Carcasses: Biogas production from 

animal carcasses increases more slowly compared 

to other materials. This is because the protein and 

fat content in animal carcasses decompose more 

slowly in anaerobic digestion. However, at higher 

temperatures, biogas production from these 

materials starts to increase. 

 

Overall, the graph shows that biogas production 

from plant-based materials, particularly fruit and 

vegetable waste, increases more rapidly and 

efficiently. Animal-based waste, such as manure and 

carcasses, also shows some increase, but the biogas 

production from these materials increases more 

slowly. As temperature rises, biogas production 

increases with varying effectiveness across different 

materials, but higher temperatures provide the 

optimal conditions for plant-based waste to produce 

bioenergy.  

These results emphasize the importance of carefully 

selecting the appropriate feedstock and managing 

temperature conditions to optimize biogas 

production and improve waste management 

strategies [16]. 

 

 

 

 

 

Table: 
Temper

ature 

(°C) 

Fruit 

and 

Veget

able 

Waste 

Agricul

tural 

Waste 

Biom

ass 

Indust

rial 

Waste 

Ani

mal 

Man

ure 

Anim

al 

Carca

sses 

10 20 10 5 3 15 8 

20 35 20 15 6 30 16 

30 50 30 25 9 45 24 

40 70 40 35 12 60 32 

50 90 50 45 15 75 40 

 

 

Explanation of the Table: 

This table systematically presents how the 

production of biogas from different plant and 

animal-based waste materials changes with 

temperature variation. The waste materials used 

have different compositions, and their impact on the 

anaerobic digestion process also varies. The changes 

observed in the rate of these processes with 

temperature provide important insights for 

optimizing biogas production from various 

materials. 

1. Fruit and Vegetable Waste: This type of waste 

shows the fastest increase in biogas production. As 

shown in the table, biogas production increases 

from 20 mL/g at 10°C to 90 mL/g at 50°C. This 

increase is attributed to the high carbohydrate and 

fiber content of fruit and vegetable waste. These 

components decompose rapidly during anaerobic 

digestion, resulting in increased methane 

production and higher biogas yields. 

2. Agricultural Waste: Biogas production from 

agricultural waste also increases with temperature, 

but at a slower rate compared to fruit and vegetable 

waste. At 10°C, biogas production is 10 mL/g, and 

at 50°C it rises to 50 mL/g. This increase is due to 

the presence of complex compounds such as 

cellulose and lignin in agricultural waste. These 

compounds decompose more slowly during 

anaerobic digestion, but higher temperatures 

accelerate the process, enhancing biogas 

production. 

3. Biomass: Biogas production from biomass 

materials shows moderate growth. It starts at 5 

mL/g at 10°C and increases to 45 mL/g at 50°C. 

This growth is due to the decomposition of 

cellulose and lignin in biomass at higher 

temperatures. However, biomass materials require 

more heat, meaning higher temperatures are 

needed to fully maximize biogas production from 

these materials. 

4. Industrial Waste: Biogas production from 

industrial waste is relatively low. At 10°C, biogas 

production is 3 mL/g, and at 50°C, it increases to 

15 mL/g. Industrial waste typically contains more 

inorganic substances than organic matter, limiting 

its biogas production potential. Although biogas 

production increases with temperature, the 

efficiency remains relatively low compared to 

other types of waste. 
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5. Animal Manure: Animal manure, particularly 

from cattle and pigs, shows high efficiency in 

biogas production. The biogas production 

increases from 15 mL/g at 10°C to 75 mL/g at 

50°C. The high nitrogen and carbon content in 

animal manure provides ideal conditions for 

anaerobic digestion, leading to rapid 

decomposition and increased methane production. 

6. Animal Carcasses: Biogas production from 

animal carcasses increases more slowly compared 

to other materials. At 10°C, production is 8 mL/g, 

and at 50°C, it rises to 40 mL/g. The slow increase 

is due to the protein and fat content of animal 

carcasses, which are more resistant to 

decomposition in anaerobic conditions. However, 

higher temperatures enhance the breakdown of 

these components, leading to an increase in biogas 

production. 

Overall Analysis: The results from the table show 

that biogas production generally increases with 

temperature for all materials. However, the rate and 

effectiveness of this increase vary depending on the 

chemical composition and structural characteristics 

of each material. Plant-based wastes, particularly 

fruit and vegetable waste, are the most suitable 

materials for anaerobic digestion, as they are rich in 

carbohydrates and fiber, which decompose quickly 

at high temperatures. Animal-based wastes, such as 

manure and carcasses, show slower increases in 

biogas production due to the higher protein and fat 

content, which decompose more slowly. As 

temperature increases, biogas production rises for all 

materials, but each type of waste may have an 

optimal temperature range. These findings are 

important for determining the ideal temperature 

conditions for biogas production and optimizing the 

use of different types of waste materials for 

bioenergy generation [17]. 

 

3. CONCLUSİON 

The present study highlights the impact of 

temperature variations on bioenergy production 

from diverse plant and animal-derived materials. 

The findings indicate that, generally, an increase in 

temperature leads to enhanced bioenergy yield 

across most of the substrates studied. Notably, plant-

based materials, particularly fruit and vegetable 

waste, exhibit the most significant increase in 

bioenergy production as temperature rises, 

emphasizing their potential as highly efficient 

sources for biofuel generation. 

Agricultural waste and biomass also show 

substantial growth in bioenergy yield with 

temperature elevation, albeit at a slower rate 

compared to plant-based materials. These results 

suggest that while these materials require higher 

temperatures for optimal bioenergy production, they 

remain valuable substrates for bioenergy 

applications. In contrast, industrial waste and animal 

carcasses demonstrate a less pronounced increase in 

bioenergy yield, underlining their relatively lower 

effectiveness in anaerobic digestion processes. 

Animal manure, however, proves to be a highly 

promising material, with bioenergy production 

increasing notably with temperature. This suggests 

that animal-based waste can serve as an efficient 

substrate for bioenergy generation, comparable to 

plant-based materials. The data suggest that both the 

choice of feedstock and the optimization of 

temperature conditions are critical factors in 

enhancing the efficiency of bioenergy production 

processes. 

In conclusion, the study underscores the need for a 

careful selection of feedstock and precise 

temperature control to maximize bioenergy 

production efficiency. Plant-based materials, 

especially fruit and vegetable waste, exhibit superior 

performance at elevated temperatures, while animal 

manure also proves to be a valuable resource. These 

findings contribute to the optimization of bioenergy 

production systems and offer insights for more 

sustainable waste management strategies. 
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