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1.1 Introduction

With the expansion of agricultural activities, the amount and type of wastes being
produced from them have increased. As per the Organization for Economic Cooperation
and Development and the Food and Agriculture Organization (OECD-FAO), 39.35 million
tons of natural fibres are annually being obtained from plants by the farmers, which also
contribute to waste production. China reportedly produces 56.2 million tons of
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agricultural wastes. The types of wastes and their amount are dependent on the country
and their management (Nagalakshmaiah et al. 2016; Letcher and Vallero 2019; Kamel
et al. 2020). Agricultural wastes are basically the outputs that are not utilized in products
or residues produced from the harvest/rearing and processing of raw agricultural prod-
ucts. Although many agricultural wastes contain substances of human value or benefit, it
is mostly the case that the economic value of these processed substances is lower than the
cost of collection, transportation, and processing of the feedstock. Therefore, wastes are
generated due to the economic infeasibility of processing or reusing discarded agricultural
by-products.

Agricultural wastes may be in the many forms like solids, slurries, or liquids and can
have both plant and animal origins. For example, agricultural wastes encompass

e animal wastes such as manure, carcasses and bones;

o food processing wastes such as corn stalks, fruit peels cores pits pulp stems and seeds,
twigs, spoiled fruits, sugarcane bagasse, and molasses;

o crop discards such as corn stalks, fruit/vegetable drops, culls, and pruning;

o toxic agricultural wastes such as pesticides, herbicides, herbicides, and antifungals.

The composition of agricultural wastes can be different from location to location and
is dependent on the particulars of the point of origin like the agricultural activities car-
ried out and the regional specialization. Interestingly, the challenges in waste manage-
ment as well as the opportunities faced by a region because of the primary residues
generated are also related to the regional specialization. For example, in locations specifi-
cally used for animal husbandry, vast quantities of organic matter rich in nitrogen and
nutrient-rich waste materials are generated alongside repugnant odours, microbial con-
tamination, and greenhouse gas (methane) emissions. Manure production is therefore
among the most feasible waste management routes for these regions in comparison with
the regions devoted to crop production where nutrients and the organic matter deplete
because of the nutritional demands exerted by the growing crops on the soil (Gontard
et al. 2018).

During the past several decades, significant scientific and technological advancements
have resulted in a gradual increase of agricultural yield and productivity throughout the
world. This, however, has also resulted in a steady increase in the quantity of waste from
livestock, agricultural crop residues, and by-products of agro-industries. Although highly
accurate estimates of agricultural waste production are rare, it is believed that agricultural
waste contributes significantly to the global total waste production. Over a decade ago, the
world was estimated to produce nearly 1000 million tons of waste from agriculture
(Agamuthu 2009). Organic wastes have been documented to account for up to 80% of the
total solid waste being produced in a farm (Brown and Root Environmental Consultancy
Group 1997). In 2012, organic wastes accounted for more than half of the fresh waste of the
harvested crops representing a potential of 90 Million Tons Oil Equivalent (MTOE) which
was far higher than the energy potential of other wastes such as round wood, municipal
wastes, and tertiary forest residues (Elbersen et al. 2012). This scenario is likely to worsen
if proper interventions are not put in place.

In this modern age of industrialization and globalization, economic progress is heav-
ily intertwined with non-renewable resource utilization which adversely impacts
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environmental balance and biodiversity, jeopardizes global food security, and depletes
our planet’s non-renewable energy reserves (UNEP 2011). Agricultural waste can be
transformed into economically valuable products, such as fertilizers, energy, and chemi-
cals, by using specialized conversion processes. This is of critical importance so as to
promote a sustainable bioeconomy and consequently decouple non-renewable resource
utilization and economic progress from human well-being and environmental
sustainability.

As per Indian Ministry of New and Renewable Energy (MNRE), on average, India gener-
ates half a billion metric tons (Mt) of crop residue every year. Although a significant
fraction of this crop residue is used as fodder, fuel and for other domestic and industrial
purposes, there still is an unutilized surplus of 140 Mt each year and 92Mt of that are
incinerated (NPMCR 2019). More agricultural wastes are generated in India than
Bangladesh, Indonesia, and Myanmar combined. In fact, the agricultural waste volume
that is incinerated in India is more than the net volume of agricultural waste produced by
other countries in the region (Bhuvaneshwari et al. 2019).

In this review, we aim at constructing a picture of the state of agricultural waste and its
generation. Agricultural wastes, their different types, and their characteristics have also
been discussed. Apart from that, the key challenges and most promising opportunities in
developing smart, sustainable, and efficient agricultural waste conversion mechanisms
and residue management strategies are described.

1.2 Sources of Agricultural Waste Generation

Waste produced from agriculture can be broadly divided into two groups based on their
composition namely:

o Lignocellulosic waste
e Proteinaceous waste

1.2.1 Lignocellulosic Waste

Lignocellulosic biomass is about 50% of the world’s total biomass. Its annual production is
around 10-50 billion tons (Mood et al. 2013; Kumar et al. 2018). It is the main constituent
of the cell walls in plants and contains cellulose (40-60%), hemicellulose (20-40%), and
lignin (10-25%) (Dionisi et al. 2015). The plant residues produced in agricultural field also
come under this and are known as agricultural residues.

They can be grouped into two categories: field residues and process residues. Agricultural
wastes which remain in the field after the process of crop harvesting has been concluded
are referred to as field residues. Field residues function as feedstock for a number of
processes designed to transform agricultural waste into economically valuable products
such as animal feed, organic manure, raw materials for different manufacturing indus-
tries, and even various biochemicals of clinical and industrial significance. However,
these processes also produce by-products which are known as process residues. Field resi-
dues and process residues can include a variety of waste products like molasses, husks,

3
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bagasse, seeds and seed pods, leaves, stems, straws, stalks, shells, and pulp. India being an
agrarian nation produces nearly 686 million tons of lignocellulosic waste and 234 million
tons of that are agricultural residues (Kapoor et al. 2020). But because of the current inef-
ficiencies in plaguing agricultural waste management processes, a significant portion of
the agricultural residues produced in India is underutilized. This also presents an oppor-
tunity for future initiatives aimed at processing agricultural waste and turning waste
into wealth.

1.2.2 Proteinaceous Waste

Proteins are known part of our daily nutrition and biochemical function. They also are
promising sources of raw material for polymers. The protein obtained from agricultural
waste has a huge potential for various utilities. The waste produced from aquaculture and
livestock are abundant in protein and can be utilized to derive novel ways to produce value-
added products (Barone Justin and Schmidt Walter 2006). So, the proteinaceous waste can
be from two major sources: (i) aquaculture and (ii) livestock.

1.2.2.1 Waste Produced from Aquaculture

The expansion of aquaculture has resulted in an increased feeding of feed for improved
aquaculture productivity. In a proper aquaculture installation, approximately 30% of the
feed fed is converted into solid waste. In aquaculture, the most prominent wastes generated
are the metabolic wastes. It could be in soluble or suspended form. Since feeding rates are
ambient temperature-dependent, rise in temperature leads to increased feeding. This con-
sequently results in increase in volume of waste being generated. Optimized patterns of
water flow in the production units are critical considerations for waste management as
proper water flow minimizes fish faecal matter fragmentation and enables the rapid sedi-
mentation of insoluble solid waste. Furthermore, if the non-fragmented waste like faeces is
higher in amount, it becomes easier to capture them, and this greatly reduces the concen-
tration of dissolved organic waste in the system (Mathieu and Timmons 1995; Obi
et al. 2016).

1.2.2.2 Waste Produced from Livestock

Waste generated by livestock activities is produced from different sources. Slaughterhouses
produce organic materials and solid wastes like manure, whereas animal’s farms produce
high amount of animal faeces and fodder waste. Urine, water produced during cage wash-
ing, water from bathing animals, and water from cleaning of slaughterhouses are part of
the wastewater produced from livestock activities. Also, air pollutants like H,S and CH,
and odour are produced here. These wastes if not managed well contribute to greenhouse
gas production and affect the soil and water quality. These also act as a source of bad odour
and site for parasites and germs making them a threat for human health and environment
(Obi et al. 2016). Poultry industry is also expanding with increase in consumption of poul-
try products. The feather left out from the birds are contributing significantly to the waste.
This waste is mainly composed of protein (90%), specifically keratin which is insoluble and
is hard to degrade naturally. Hence, better management is needed to utilize these wastes
(Jana et al. 2020).



1.2 Sources of Agricultural Waste Generation

Agro-industrial
waste

Agricultural

residues Industrial

residues

— Potato peel

Field residues Process residues
— Orange peel
— Stems > Husks —» Cassava peel
> Stalks —> Seeds
— Groundnut oil cake
—>Leaves » Roots
— Coconut oil cake
— Seed pods »Bagasse
> Molasses — Soybean oil cake

Figure 1.1 Agro-industrial waste materials. Source: Sadh et al., 2018 / Public Domain / CC BY 4.0.

Figure 1.1 shows the different types of Agro-industrial waste of their potential sources.

Table 1.1 Chemical composition of residues.

Name Carbon (%) Nitrogen (%) Hydrogen (%)
Wheat bran 49.81 0.7 6.11
Rice bran 48.39 0.89 5.43
Oat bran 40.62 0.31 431
Corn cob 53.61 1.91 8.97
Sugar cane bagasse 48.32 0.2 7.84
Redgram husk 42.23 ND 5.52
Green gram husk 43.17 1.86 ND
Bengal gram husk 42.45 0.75 5.82
Black gram husk 39.61 2.34 5.87
Ground nut oil cake 40.34 2.31 4.21
Spent coffee 34.51 0.36 3.95
Spent tea 32.61 0.31 ND
Pineapple waste 45.68 0.61 3.97
Palmoil fiber 41.4 1.67 5.44
Coconut oil cake 48.16 1.69 5.15
ND not detectable.

Source: Thadikamala and Reddy Shetty (2013) / Springer Nature.
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1.3 Agricultural Waste Characterization

Knowing the characteristics of agricultural waste is important for formulating an effective
waste management system. Wastes produced from agriculture vary in both their quality
and quantity. Wastes produced by the processing of crops and from livestock need both
solid and liquid waste management. Knowing the characteristics of waste helps in reusing
the waste, recovery of useful components, production of useful products like biofuels,
biofertilizers, and overall management (Loehr 2012). Table 1.1 shows the chemical compo-
sition of waste having different resources. The wastes can be categorized on the basis of
their sources as given in the following sections:

1.3.1 Food Processing

The variation in wastes produced during food processing is due to the type of product,
methods used to harvest the raw materials, and the processing methods used. For example,
wastes generated from fruit and vegetables are often acidic and contain good amount of
organic matter. Also, wastes from fruit and vegetable processing from operations like peel-
ing and blanching have high percentage of total dissolved organic solids. The analysis of
edible part of vegetables has shown the presence of water (74-94% of total weight), carbo-
hydrate (3.2-19.1% of total weight), protein (1.1-6.7% of total weight), and fat (0.1-0.5%).
Also processes like washing contribute to production of wastewater (Loehr 2012). Apart
from this, crop residues left after harvest are also the major waste produced and are of high
concern, especially in countries like India. They comprise cellulose, hemicellulose, lignin,
nitrogenous material, chlorophyll, and other inorganic material (Bhuvaneshwari
et al. 2019). Food wastes also consist of natural as well as anthropogenic toxins such as
solanine and dioxin which needs to be excluded to make the quality control systems more
efficient. Also, the less use of potentially hazardous products in food processing will lead to
the generation of less toxic waste making its management easy (Pandey and Dwivedi 2020).

1.3.2 Meat and Poultry Processing Industry

The main waste produced in this is from killing, dehairing, removal of hide, processing, and
other clean-up operations. It contains blood, inorganic and organic solids, salts, and chemi-
cal used during processing. Usually at a beef slaughterhouse, 50-1b blood, 50-1b paunch
manure, and 40-1b animal manure per animal can be produced. At poultry processing
farms, waste is generated by Kkilling, scalding, defeaturing, evisceration, washing, chilling,
and clean-up activities. Quantity and quality of waste generated totally depend on how
processes are being handled. With the expansion of poultry industry, water usage, biological
oxygen demand (BOD), and solid waste produced have also increased. Now, water used for
each bird is about 12-15 gal, BOD produced is 601b/1000 birds, and solid waste produced is
about 471b/1000 birds. These industries are not much affected by seasonal variations, and
with expansion of these industries, the waste produced is also of high concern (Loehr 2012).

1.3.3 Livestock Waste

The characteristics of animal waste may be defined on the basis of changes in environment
and overall productivity of the animals. The volatile matter present in the waste is found by
summing up the percent of protein, fat, fibre, and non-fibre found in feed after digestion.
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