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This systematic review investigates innovative food waste recycling 

methods and their contributions to agricultural sustainability, 

focusing on four key approaches: composting, anaerobic digestion, 

biochar production, and vermiculture. 45 peer-reviewed articles 

published between 2010 and 2024 were analyzed using the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines. The review demonstrates that these methods 

significantly improve soil health, increase crop yields, and reduce 

environmental impacts. Composting enhances soil structure and 

moisture retention, while anaerobic digestion offers dual benefits of 

biogas production and nutrient-rich digestate. Biochar production 

improves soil aeration, water retention, and carbon sequestration, 

contributing to long-term climate change mitigation. Vermiculture, a 

low-cost method for small-scale farmers, produces high-quality 

compost with enhanced nutrient content. However, scalability and 

economic feasibility remain key challenges across all methods. 

Technological advancements, such as automation and machine 

learning, offer promising solutions to improve the efficiency and 

scalability of these recycling methods. The review identifies critical 

gaps in the literature, particularly regarding the long-term impacts of 

these methods and the economic barriers to their widespread 

adoption. Future research should focus on addressing these 

challenges and exploring policy interventions to promote broader 

implementation, particularly in under-resourced regions. These 

findings suggest that food waste recycling plays a vital role in 

achieving a circular agricultural economy and advancing global 

sustainability goals. 
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1 Introduction 

Food waste is a growing global concern with 

significant environmental, economic, and social 

implications. The Food and Agriculture Organization 

(FAO) estimates that approximately 1.3 billion tons of 

food is wasted annually, which amounts to about one-

third of the total food produced worldwide (FAO, 

2011). This alarming statistic highlights a profound 

inefficiency within food systems, contributing to both 

resource depletion and environmental degradation. 

Wasted food not only represents lost energy, water, 

and labor used in its production but also exacerbates 

environmental problems such as increased greenhouse 

gas emissions, soil contamination, and deforestation 

(Kim & Dale, 2004). As countries worldwide aim to 

achieve the United Nations’ Sustainable Development 

Goals (SDGs), particularly those related to responsible 

consumption and production, innovative solutions for 

mitigating food waste and promoting agricultural 

sustainability have become paramount (UN, 2015). 

One promising avenue is food waste recycling, which 

converts waste into valuable inputs for sustainable 

agriculture. 

Food waste recycling refers to the process of 

transforming discarded food materials into resources 

that can benefit agriculture, such as organic fertilizers, 

animal feed, or bioenergy. Composting, anaerobic 

digestion, biochar production, and vermiculture are 

among the most widely researched methods of food 

waste recycling (El-Din et al., 2000). Composting, a 

process that involves the decomposition of organic 

matter to produce nutrient-rich soil amendments, has 

long been used in agriculture to improve soil quality 

and reduce dependency on chemical fertilizers (Parfitt 

et al., 2010). Studies have demonstrated that compost 

derived from food waste can enhance soil fertility, 

increase organic matter content, and improve water 

retention in soils (Holm-Nielsen et al., 2009). 

Similarly, anaerobic digestion, which converts food 

waste into biogas through microbial processes, offers 

both a renewable energy source and digestate, a 

nutrient-rich byproduct that can be used as fertilizer 

(Parfitt et al., 2010). 

Despite the clear benefits of food waste recycling, 

there are still several barriers to its widespread 

adoption in agricultural systems. Economic costs, lack 

of infrastructure, and regulatory challenges often 

hinder the effective implementation of food waste 

recycling programs (Jeong et al., 2015). For instance, 

Godfray et al., (2010) found that while composting and 

anaerobic digestion are viable technologies, their 

widespread use is often limited by high initial capital 

costs and the lack of public awareness regarding their 

benefits. Additionally, the inconsistency in food waste 

composition presents another challenge for recycling 

processes. Research by Parfitt et al. (2010) highlights 

that food waste contains varying levels of nutrients, 

which can affect the quality and consistency of 

recycled products like compost or biogas. Overcoming 

these barriers requires both policy interventions and 

technological innovations that can reduce costs, 

standardize food waste collection, and improve public 

engagement (See Figure 1). 

Technological advancements in food waste recycling 

have also played a critical role in improving the 

efficiency and effectiveness of these processes. 

Biochar production, for example, has emerged as a 

promising innovation in the field of food waste 

recycling (Holm-Nielsen et al., 2009). Biochar, a 

stable form of carbon produced through pyrolysis, has 

been shown to enhance soil health by improving its 

nutrient retention and water-holding capacity, thereby 

increasing crop yields (Taha et al., 2015). Moreover, 

biochar application can help sequester carbon, making 

it a potential tool for climate change mitigation 

(Kitchaiya et al., 2003). Vermiculture, or the use of 

earthworms to decompose organic waste, is another 

innovative method that has gained attention for its 

Figure 1: Food Waste Recycling Process  

(Source: American Sustainable Recycling, 2007) 

 



Vol 04 | Issue 03 | September 2024  106  

             
             ACADEMIC JOURNAL ON BUSINESS ADMINISTRATION, INNOVATION & SUSTAINABILITY 

             Doi: 10.69593/ajbais.v4i3.107 

 

 

ability to produce high-quality organic fertilizers 

(Prasad et al., 2007). Both biochar and vermiculture 

have the potential to revolutionize food waste 

recycling by offering more sustainable and scalable 

solutions for agricultural sustainability. Given the 

growing body of research supporting the efficacy of 

food waste recycling in agriculture, it is evident that 

these innovative methods can significantly contribute 

to global efforts toward sustainability. A systematic 

review by Zhang et al. (2009) emphasizes that 

integrating food waste recycling into agricultural 

systems not only reduces environmental pollution but 

also promotes a circular economy by turning waste 

into resources (See Figure 2). However, despite the 

numerous benefits, large-scale adoption remains 

limited in many regions. To address this, there is a 

need for further studies to evaluate the long-term 

impacts of different recycling methods on agricultural 

productivity, soil health, and environmental 

sustainability. Furthermore, the role of governmental 

policies, economic incentives, and public education in 

promoting food waste recycling should be explored in 

future research to facilitate its broader implementation 

(Cianchetta et al., 2014; Kitchaiya et al., 2003). 

One of the primary objectives of this systematic 

review is to examine and evaluate the various 

innovative food waste recycling methods and their 

contributions to agricultural sustainability. By 

synthesizing findings from recent studies, the review 

aims to identify the most effective recycling 

techniques, such as composting, anaerobic digestion, 

biochar production, and vermiculture, and assess their 

impact on soil health, crop productivity, and 

environmental outcomes. Additionally, the review 

seeks to explore the challenges and barriers hindering 

the large-scale adoption of these methods in 

agricultural practices. Through a comprehensive 

analysis, this study will provide insights into the role 

of technological advancements and policy frameworks 

that could enhance the implementation of food waste 

recycling in sustainable agriculture, ultimately 

promoting a circular economy and reducing the 

environmental footprint of food production systems. 

2 Literature Review 

Recent research has increasingly focused on food 

waste recycling as a sustainable solution for enhancing 

agricultural efficiency and reducing environmental 

impacts. Various methods, including composting, 

anaerobic digestion, biochar production, and 

vermiculture, have been explored for their ability to 

improve soil health, increase crop yields, and reduce 

reliance on chemical fertilizers. This section reviews 

the current literature on these recycling techniques, 

examining their effectiveness, scalability, and 

challenges. Additionally, it highlights the role of 

technological advancements, economic factors, and 

policy frameworks in shaping the adoption of food 

waste recycling practices in agriculture. 

2.1 Composting as a Food Waste Recycling 

Method 

Composting is one of the most widely utilized methods 

for recycling organic waste, particularly food waste, 

into valuable resources for agriculture. The process 

involves the aerobic decomposition of organic 

materials, including food scraps, yard trimmings, and 

other biodegradable waste, which results in the 

production of nutrient-rich compost. This compost can 

then be applied to agricultural fields, improving soil 

structure, water retention, and nutrient availability 

(Prasad et al., 2007). Numerous studies have 

highlighted the environmental and agronomic benefits 

of composting. For instance, composting food waste 

can significantly reduce methane emissions from 

landfills, thus contributing to climate change 

mitigation (Atinkut et al., 2020). Additionally, 

Shyamsundar et al. (2019) found that compost 

application increased organic matter content in the 

soil, enhancing its fertility and structure. Compost also 

promotes microbial activity, which plays a critical role 

Figure 2: Yearly Average Global Food Loss and Waste 
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in nutrient cycling and soil health (Godfray et al., 

2010). As a result, composting not only addresses the 

issue of waste disposal but also improves agricultural 

productivity by replenishing vital nutrients in the soil 

(See Figure 3). 

Despite its many advantages, large-scale adoption of 

composting in agricultural systems faces several 

challenges. Economic and logistical barriers, such as 

high initial setup costs, time-intensive processes, and 

the need for regulatory approvals, often hinder the 

widespread use of composting (Katajajuuri et al., 

2014). Furthermore, the inconsistent composition of 

food waste presents challenges in producing compost 

with standardized nutrient content, which can affect its 

effectiveness when applied to crops (Ahmed et al., 

2018). According to Kim and Dale (2004), variability 

in food waste can lead to fluctuations in compost 

quality, making it difficult for farmers to rely solely on 

compost as a consistent nutrient source. Regulatory 

frameworks and local government policies also play a 

crucial role in promoting or inhibiting large-scale 

composting efforts (Holm-Nielsen et al., 2009). For 

instance, studies show that regions with supportive 

policies and financial incentives are more likely to 

adopt composting programs at a larger scale 

(Papargyropoulou et al., 2014). However, the lack of 

public awareness and education on composting's 

environmental benefits remains a significant barrier, as 

noted by Wu et al. (2020). Addressing these challenges 

will require concerted efforts from policymakers, 

researchers, and industry stakeholders to make 

composting a more feasible and attractive option for 

agricultural sustainability.

 

 

 

2.2 Anaerobic Digestion and Its Agricultural 

Applications 

Anaerobic digestion (AD) is a biological process that 

decomposes organic waste materials, such as food 

waste and agricultural residues, in the absence of 

oxygen to produce biogas and digestate. Biogas, 

primarily composed of methane (CH₄) and carbon 

dioxide (CO₂), serves as a renewable energy source, 

while digestate, a nutrient-rich byproduct, can be used 

as a natural fertilizer (Bocchiola et al., 2019). This 

dual-benefit process makes anaerobic digestion a key 

technology for sustainable waste management in 

agriculture. The use of digestate as a fertilizer 

enhances soil health by improving nutrient availability, 

reducing the need for chemical fertilizers, and 

promoting soil organic matter (Lafferty et al., 2014). 

Biogas production, on the other hand, contributes to 

energy diversification and offers a renewable 

alternative to fossil fuels, thereby reducing greenhouse 

gas emissions and promoting cleaner energy use (Chi 

et al., 2010). Research indicates that AD systems can 

play a vital role in reducing food waste sent to landfills 

while providing essential resources for the agricultural 

sector (Das, 2001) (See Figure 4). 

Several studies have demonstrated the economic and 

environmental advantages of anaerobic digestion in 

agricultural systems. For example, a study by Spokas 

et al. (2009) showed that AD significantly reduces 

greenhouse gas emissions and provides a cost-effective 

Figure 3: Mindmap Diagram for Composting As A Food Waste Recycling Method 
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solution for managing organic waste, particularly in 

regions with high food waste generation. Moreover, 

Chi et al. (2010) emphasized the economic benefits of 

biogas production, particularly in rural areas, where 

small-scale anaerobic digesters can provide energy for 

farms, reducing their reliance on external energy 

sources. Additionally, AD can offer financial returns 

through the sale of biogas and organic fertilizers, as 

evidenced by the success of biogas plants in Germany 

(Chen et al., 2014). However, barriers to the large-

scale adoption of AD include high capital costs, the 

need for consistent feedstock supply, and complex 

technological requirements (Girisuta et al., 2013). In 

regions like the United States, where policies 

promoting renewable energy are in place, AD adoption 

has been more successful (Choudhary et al., 2009), 

while in developing countries, lack of infrastructure 

and financial support due to high unemployment 

problems remain significant obstacles (Westerman & 

Bicudo, 2005; Sakib, 2023). Overcoming these barriers 

will require coordinated efforts between governments, 

industries, and farmers to provide incentives and 

address technical challenges.

 

2.3 Biochar Production and Agricultural 

Sustainability 

Biochar is a stable form of carbon produced through 

the pyrolysis process, which involves the thermal 

decomposition of organic material, such as agricultural 

waste or food waste, in the absence of oxygen 

(Henriksson et al., 2018). This process converts 

biomass into a carbon-rich substance that can be 

applied to agricultural soils to enhance soil quality and 

promote long-term carbon sequestration. Biochar’s 

porous structure enables it to retain water and 

nutrients, improving soil fertility and reducing the 

need for chemical fertilizers (Ethaib et al., 2014). 

Additionally, biochar has been recognized for its role 

in mitigating climate change by sequestering carbon 

that would otherwise be released into the atmosphere 

during decomposition (Tone & Tsutsui, 2009). Biochar 

applications can vary depending on the feedstock used 

and the specific pyrolysis conditions, but its overall 

benefit to agricultural sustainability is well-

documented (Zhang et al., 2021) (See Figure 5). 

Numerous studies have demonstrated biochar’s 

positive effects on crop yields and soil structure. For 

instance, research by Mosier et al. (2005) showed 

significant improvements in crop productivity when 

biochar was applied to nutrient-depleted soils in 

 

Figure 4: key development milestones in the project 
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tropical regions. Similarly, Martins et al. (2010) found 

that biochar improved soil aeration and water 

retention, which is especially beneficial in drought-

prone areas. Additionally, biochar can act as a buffer 

for soil pH, creating more favorable growing 

conditions for a variety of crops (Zhang et al., 2021). 

Despite these benefits, challenges remain regarding the 

widespread adoption of biochar, particularly its high 

production costs and variability in results based on soil 

type and environmental conditions (Ward et al., 2008). 

Future research should focus on optimizing biochar 

production methods, assessing long-term impacts on 

different soil types, and exploring more cost-effective 

ways to integrate biochar into agricultural systems 

(Dehghan et al., 2019).

2.4 Technological Advancements in Food Waste 

Recycling 

Technological innovations have significantly improved 

the efficiency and scalability of food waste recycling 

methods, including composting, anaerobic digestion, 

biochar production, and vermiculture. Automation and 

smart technologies have enabled more precise control 

of the decomposition process, optimizing conditions 

such as temperature, moisture, and aeration to enhance 

compost quality (Martins et al., 2010; Zhang et al., 

2021). For example, automated systems equipped with 

sensors and IoT devices can continuously monitor the 

environmental parameters of composting facilities, 

ensuring optimal conditions for microbial activity 

(Ward et al., 2008). In the context of anaerobic 

digestion, advancements in biogas production 

technologies, such as the integration of real-time 

monitoring systems and predictive algorithms, have 

increased energy output and reduced process downtime 

(Mosier et al., 2005). Moreover, machine learning 

models are being applied to predict and optimize 

biochar production processes by analyzing the 

characteristics of different feedstocks and determining 

the best pyrolysis conditions (Perez et al., 2008). These 

innovations make food waste recycling processes more 

energy-efficient, cost-effective, and scalable, making 

them more accessible to farmers and industries alike. 

Case studies demonstrate the transformative potential 

of technology in enhancing food waste management in 

agricultural practices. In Denmark, for instance, 

automated systems have been implemented to optimize 

large-scale anaerobic digestion plants, improving 

biogas yield and reducing operational costs (Huang et 

al., 2009). Similarly, the use of AI-driven composting 

technologies in South Korea has streamlined the 

process of organic waste recycling by reducing labor 

requirements and ensuring consistent compost quality 

(White et al., 2011). In the realm of vermiculture, 

automated feeding systems, and environmental 

controls have been employed in large-scale worm 

 

Figure 5: Revised Box Plot of Key Points in Biochar Production and Agricultural Sustainability 
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farming operations, allowing for the efficient 

production of vermicompost at an industrial level 

(Martins et al., 2010). These case studies highlight 

how technological advancements have not only 

increased the productivity of food waste recycling 

methods but have also enabled the integration of these 

processes into modern agricultural systems on a larger 

scale (Ward et al., 2008). However, challenges remain 

in the adoption of such technologies, particularly in 

regions with limited access to resources or technical 

expertise, necessitating continued research and 

development to further improve their accessibility and 

effectiveness (See Figure 6).

3 Method 

This study employs a systematic review approach 

based on the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines to 

ensure a comprehensive and structured synthesis of the 

existing literature on food waste recycling methods for 

agricultural sustainability. A systematic review method 

allows for a transparent and replicable process that 

identifies, selects, and critically appraises relevant 

studies to answer specific research questions. 

Following PRISMA ensures that this review adheres to 

rigorous criteria for data collection, analysis, and 

reporting. The PRISMA framework is widely used in 

systematic reviews due to its ability to improve 

methodological transparency and reduce biases in the 

selection and analysis of studies. This methodology is 

essential for providing an objective overview of the 

evidence related to the innovative recycling methods 

being analyzed in this study, including composting, 

anaerobic digestion, biochar production, and 

vermiculture.  

3.1 Step 1: Literature Search Strategy 

A comprehensive search strategy was developed to 

identify relevant studies published between 2010 and 

2024 in peer-reviewed journals and academic 

databases such as Scopus, Web of Science, and Google 

Scholar. Keywords such as "food waste recycling," 

"agricultural sustainability," "composting," "anaerobic 

digestion," "biochar," and "vermiculture" were used to 

ensure that a wide range of studies was captured. 

Boolean operators (AND, OR) were applied to refine 

the search results and eliminate duplicates. 

Additionally, backward citation tracking was 

performed to identify any seminal studies that were not 

captured in the initial database search. All articles 

identified through this process were screened based on 

their titles, abstracts, and relevance to the review's 

research objectives. Studies that focused on food waste 

recycling methods, their environmental impacts, and 

their applicability in agriculture were selected for full-

text analysis. 

 

Figure 6: Wordmaping of Technological Advancements in Food Waste Recycling 
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3.2 Step 2: Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria were designed to 

ensure the relevance and quality of the studies selected 

for the review. Only peer-reviewed articles published 

in English and directly related to food waste recycling 

methods in agricultural contexts were included. 

Studies that focused on other types of waste 

management not related to agriculture, such as 

industrial or municipal waste, were excluded. 

Additionally, articles that did not provide empirical 

data, such as opinion pieces or commentaries, were 

excluded from the analysis. Studies that provided 

quantitative or qualitative data on the environmental, 

economic, or agricultural impacts of composting, 

anaerobic digestion, biochar production, and 

vermiculture were prioritized. After applying these 

criteria, the full texts of 45 studies were reviewed and 

included in the final synthesis, ensuring a robust body 

of evidence for addressing the research questions 

posed in this study. 

4 Findings 

The systematic review of food waste recycling 

methods for agricultural sustainability revealed 

significant insights into the effectiveness, scalability, 

and impact of four primary recycling methods: 

composting, anaerobic digestion, biochar production, 

and vermiculture. These methods demonstrated a 

variety of benefits for improving soil health, enhancing 

crop productivity, and contributing to environmental 

sustainability. However, the degree to which these 

methods are adopted and scaled in agricultural systems 

is largely influenced by regional factors, technological 

advancements, and economic viability. Each method 

has distinct advantages and challenges, which were 

explored in detail across the studies reviewed. 

Composting emerged as one of the most effective and 

accessible methods of food waste recycling, especially 

for small to medium-sized farms. The review found 

that composting significantly improves soil quality by 

increasing organic matter content, which in turn 

enhances water retention and nutrient availability in 

soils. For instance, studies demonstrated that soils 

treated with compost showed a 30-50% improvement 

in moisture retention compared to untreated soils. 

Compost also reduced the need for chemical fertilizers, 

contributing to more sustainable agricultural practices. 

However, large-scale composting faces challenges 

related to the labor-intensive nature of the process and 

the time required for organic waste to fully 

decompose. In some cases, composting facilities took 

up to six months to process food waste, creating 

scalability issues, especially for regions lacking 

efficient infrastructure. 

Anaerobic digestion, on the other hand, was found to 

provide dual benefits: renewable energy production 

through biogas and nutrient-rich digestate for use as 

Figure 7: Methodology 
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fertilizer. The studies reviewed highlighted that 

anaerobic digestion can reduce greenhouse gas 

emissions by up to 60-70% when compared to 

traditional waste disposal methods like landfilling. 

Additionally, digestate application resulted in a 20-

30% increase in crop yields in some trials. While the 

environmental benefits of anaerobic digestion are 

clear, the review identified significant economic and 

technological barriers. The installation of anaerobic 

digesters requires substantial initial capital investment, 

with setup costs ranging between $1 million to $5 

million, depending on the scale of the facility. 

Moreover, the process requires a consistent supply of 

food waste, making it less viable in areas with sporadic 

or insufficient waste streams (See Figure 8). 

Biochar production, while less widely implemented 

than composting or anaerobic digestion, was found to 

be particularly beneficial for improving soil structure 

and sequestering carbon. Biochar's ability to enhance 

soil aeration and water retention was particularly 

significant in regions prone to drought. In trials, soils 

treated with biochar demonstrated up to a 40% 

increase in water-holding capacity, contributing to 

more resilient agricultural systems. Furthermore, 

biochar can sequester carbon for hundreds to 

thousands of years, making it a valuable tool for 

climate change mitigation. However, biochar 

production is limited by the cost of pyrolysis 

equipment and the energy required to operate it, which 

can be prohibitive for smaller farms. The review noted 

that while large-scale biochar facilities can process 

significant volumes of organic waste, the technology 

remains underutilized due to its high costs and limited 

accessibility.

Vermiculture, or the use of earthworms to decompose 

organic waste, was found to be an efficient and 

sustainable method for producing high-quality organic 

fertilizer. Vermicompost contains higher levels of 

essential nutrients such as nitrogen, phosphorus, and 

potassium compared to traditional compost, resulting 

in a 25-35% increase in plant growth and productivity 

in some studies. Vermiculture is especially attractive 

for small-scale farming operations, as it requires 

minimal technological input and can be easily 

managed. However, the scalability of vermiculture to 

meet industrial agricultural demands presents 

challenges. Managing large volumes of organic waste 

requires significant space, and maintaining optimal 

conditions for earthworm activity, such as temperature 

and moisture levels, can be difficult on a large scale. 

Furthermore, industrial-scale vermiculture requires 

additional investment in automated feeding systems 

and environmental controls, which increases 

operational costs (See Figure 9). 

Figure 9: Effectiveness of Food Waste Recycling Methods (Impact on Sustainability) 

 

 

 

 

 

Figure 8: Effectiveness of Food Waste Recycling Methods (Impact on Sustainability) 
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Technological innovations have played a key role in 

enhancing the efficiency and scalability of food waste 

recycling methods, particularly in large-scale 

agricultural settings. Automation and smart 

technologies have been integrated into composting 

processes, allowing for real-time monitoring of 

moisture, temperature, and oxygen levels. These 

advancements have resulted in faster decomposition 

rates, reducing the composting time from six months to 

as little as 6-8 weeks. Similarly, advancements in 

anaerobic digestion, such as AI-driven optimization 

models, have increased biogas yields by 10-15%, 

making the process more economically viable for large 

farms. Automated systems also reduce the labor 

required to manage food waste recycling processes, 

enabling more efficient operation of large-scale 

facilities. 

Despite these advancements, there remain significant 

gaps in the adoption of food waste recycling 

technologies, particularly in developing regions where 

infrastructure and financial resources are limited. 

Future research should focus on developing low-cost, 

scalable solutions that can be implemented in a variety 

of agricultural settings, particularly for smallholder 

farmers. Additionally, policy frameworks and financial 

incentives will be essential for promoting the broader 

adoption of food waste recycling technologies. The 

review also highlighted the need for further research 

into the long-term environmental and economic 

impacts of these methods, particularly with their 

integration into circular economy models and climate 

change mitigation strategies (See Figure 10). 

 

5 Discussion 

The findings of this systematic review reveal that food 

waste recycling methods, including composting, 

anaerobic digestion, biochar production, and 

vermiculture, are instrumental in promoting 

agricultural sustainability. These methods significantly 

improve soil health, enhance crop yields, and 

contribute to environmental conservation. When 

compared to earlier studies, the present review 

confirms and extends previous insights but also 

identifies new challenges related to scalability and 

economic viability. For instance, the benefits of 

Figure 9: Scalability vs Barriers for Food Waste Recycling Methods 

 

 

 

 

 

Figure 10: Environmental Benefits of Food Waste 

Recycling Methods 

 

 

 

 

 



Vol 04 | Issue 03 | September 2024  114  

             
             ACADEMIC JOURNAL ON BUSINESS ADMINISTRATION, INNOVATION & SUSTAINABILITY 

             Doi: 10.69593/ajbais.v4i3.107 

 

 

composting for soil health and nutrient availability, as 

demonstrated in earlier studies (Hijazi et al., 2016), are 

consistent with this review’s findings, which highlight 

composting’s role in increasing organic matter and 

moisture retention in soils. However, this study also 

underscores the persistent issue of labor-intensive 

processes and long decomposition times, which were 

not as heavily emphasized in previous research. 

Anaerobic digestion has emerged as a promising 

method for both waste management and energy 

production, as supported by previous research. Studies 

such as Hall et al. (2009) have shown that anaerobic 

digestion significantly reduces greenhouse gas 

emissions, a finding corroborated by this review, 

which estimates emission reductions of up to 70%. 

Additionally, earlier work emphasized the dual 

benefits of biogas and digestate production, which 

aligns with the present review’s findings that digestate 

enhances soil fertility and increases crop yields by 20-

30%. However, unlike earlier studies that 

predominantly focused on the environmental benefits 

of anaerobic digestion, this review draws attention to 

the economic barriers to large-scale adoption, such as 

the high capital costs and the need for consistent 

feedstock. These financial and logistical challenges 

present significant hurdles that were underexplored in 

prior research. 

Biochar production’s role in improving soil structure 

and promoting carbon sequestration has been well-

documented in earlier studies, such as Sukiran et al. 

(2017), which highlighted biochar’s ability to enhance 

water retention and aeration in soils. This review 

supports those findings, showing that biochar-treated 

soils experienced a 40% increase in water-holding 

capacity. However, the current review goes further by 

highlighting the economic limitations associated with 

biochar production, such as the high cost of pyrolysis 

equipment, which has restricted its adoption in many 

regions. Previous studies tended to focus primarily on 

the environmental benefits of biochar, whereas this 

review provides a more comprehensive analysis by 

addressing the practical challenges of implementation. 

This comparison indicates that while biochar holds 

great potential for agricultural sustainability, further 

research and technological innovations are required to 

make it more accessible to smallholder farmers. 

Vermiculture’s potential for producing nutrient-rich 

compost aligns with the findings of earlier studies, 

which have consistently shown that vermicompost 

contains higher levels of essential nutrients compared 

to traditional compost (Doshi & Srivastava, 2013; 

Huiru et al., 2019). This review reaffirms those 

findings, with data indicating that vermiculture can 

increase plant growth and productivity by 25-35%. 

However, a key contribution of this review is the focus 

on the scalability of vermiculture. Earlier research 

often emphasized its advantages for small-scale 

farming operations but did not fully address the 

challenges of scaling vermiculture to industrial levels. 

This review reveals that while vermiculture is cost-

effective and resource-efficient for smallholders, its 

large-scale application is hindered by the need for 

consistent environmental conditions and significant 

space to manage large volumes of organic waste. 

These findings suggest that future research should 

focus on developing scalable vermiculture systems that 

can be adapted to larger agricultural operations. 

Technological advancements in food waste recycling 

have been a recurring theme in the literature, with 

automation and smart technologies consistently 

highlighted for their potential to optimize processes. 

Previous studies, such as Das and Singh (2004), 

pointed to the benefits of automated composting and 

anaerobic digestion systems, which are corroborated 

by this review’s findings that automation can reduce 

composting time from six months to 6 to 8 weeks and 

increase biogas yields by 10 to 15%. However, this 

review expands on earlier work by exploring the role 

of artificial intelligence and machine learning in 

optimizing food waste recycling processes, particularly 

in under-researched regions where access to advanced 

technologies is limited. The integration of these 

technologies into food waste management systems 

holds significant promise for enhancing efficiency, but 

the review also emphasizes that widespread adoption 

will require overcoming economic and infrastructural 

barriers. This finding highlights the need for further 

investment in research and development to make these 

technologies more affordable and accessible. 

5.1 Gaps in the Literature and Future Research 

Directions 

While technological advancements in food waste 

recycling have made significant strides in improving 

efficiency and scalability, there are still notable gaps in 

the literature regarding the long-term impacts of these 
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recycling methods on agricultural systems and 

environmental sustainability. For example, most 

studies have focused on the short-term benefits of 

composting, anaerobic digestion, biochar production, 

and vermiculture, with limited research on their long-

term effects on soil health, crop yields, and carbon 

sequestration (Kumar et al., 2015). Additionally, 

research on the economic feasibility of these 

technologies, particularly in low-income regions, 

remains scarce. Many existing studies highlight the 

high initial costs of implementing advanced food waste 

recycling technologies, but there is insufficient 

analysis of the return on investment and the potential 

for cost reductions over time through policy support 

and scaling (Zhang et al., 2021). Furthermore, the 

inconsistent quality of food waste, especially in 

decentralized systems, complicates the standardization 

of outputs such as compost and digestate, presenting a 

challenge for their widespread agricultural use (Ward 

et al., 2008). More comprehensive, long-term studies 

are needed to understand the sustainability of these 

recycling methods across diverse agricultural contexts. 

Future research should focus on several key areas to 

address these gaps and improve the accessibility and 

effectiveness of food waste recycling technologies. 

First, more studies are needed to explore how 

automation, artificial intelligence, and machine 

learning can further optimize recycling processes in 

under-researched regions, such as Sub-Saharan Africa 

and South Asia, where infrastructure and resource 

availability differ significantly from developed 

countries (Mahr-un-Nisa et al., 2004). Additionally, 

policy analysis is critical to understanding how 

governmental regulations and incentives can be 

designed to promote the adoption of food waste 

recycling technologies on a larger scale (Bagewadi et 

al., 2017). Research into the development of low-cost, 

scalable technologies, such as small-scale anaerobic 

digesters or modular biochar systems, is also essential 

for making food waste recycling more feasible for 

smallholder farmers and rural communities (Koul et 

al., 2022). Finally, studies should investigate the 

integration of these methods into circular economy 

frameworks and how they can contribute to broader 

environmental sustainability goals, including climate 

change mitigation and resource conservation (Bansal et 

al., 2012). 

6 Conclusion 

In conclusion, this systematic review has demonstrated 

the significant potential of food waste recycling 

methods—composting, anaerobic digestion, biochar 

production, and vermiculture—for advancing 

agricultural sustainability through improved soil 

health, enhanced crop productivity, and reduced 

environmental impacts. While these methods offer 

considerable benefits, their large-scale adoption faces 

key challenges, particularly in terms of economic 

feasibility, technological barriers, and infrastructural 

requirements. Composting and anaerobic digestion 

provide dual environmental and agricultural benefits, 

but high costs and the need for consistent waste supply 

limit their scalability. Similarly, biochar production 

offers long-term soil enhancement and carbon 

sequestration, yet it remains underutilized due to the 

expense of production equipment. Vermiculture shows 

promise for small-scale farming with its nutrient-rich 

output, though challenges arise when attempting to 

scale up operations. The integration of automation, 

smart technologies, and machine learning into these 

processes has the potential to overcome some of these 

limitations by optimizing efficiency and reducing labor 

costs. However, to fully realize the potential of these 

innovative food waste recycling methods, future 

research must address the gaps related to economic 

viability, especially for smallholder farmers, and 

explore policy interventions that can promote broader 

adoption in under-resourced regions. Overall, food 

waste recycling represents a critical pathway toward a 

more sustainable and circular agricultural economy. 
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