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Abstract 

Biomass, derived from living or recently deceased organisms, encompasses biological material used 

for energy production, known as bioenergy. Historically, fuelwood was the primary energy source until 

the Industrial Revolution, which saw a shift to fossil fuels. Common biomass fuels include fuelwood, 

agricultural residues, vegetable oils, and animal wastes. Biofuels, a subset of biomass energy, are liquid 

or gaseous fuels produced from organic matter of plant or animal origin. The rising interest in biofuels 

is driven by fossil fuel shortages and the need for more sustainable energy sources. Biofuels offer 

ecological benefits by reducing greenhouse gas emissions and utilizing waste materials that would 

otherwise contribute to pollution. Biomass conversion to bioenergy can occur through three primary 

processes: thermochemical, biochemical, and chemical conversion. Thermochemical conversion 

involves heat and chemical processes, biochemical conversion uses enzymes and microorganisms, and 

chemical conversion employs chemical agents. Biomass residues, such as paddy straw and husk, 

possess significant power generation potential. For instance, paddy straw in some regions can generate 

up to 3644 MW, yet remains underutilized, often being burnt in fields, causing air pollution and health 

hazards. Biomass, derived from living or recently deceased organisms, encompasses biological 

material used for energy production, known as bioenergy. Historically, fuelwood was the primary 

energy source until the Industrial Revolution, which saw a shift to fossil fuels. Common biomass fuels 

include fuelwood, agricultural residues, vegetable oils, and animal wastes. Biofuels, a subset of biomass 

energy, are liquid or gaseous fuels produced from organic matter of plant or animal origin. The rising 

interest in biofuels is driven by fossil fuel shortages and the need for more sustainable energy sources. 

Biofuels offer ecological benefits by reducing greenhouse gas emissions and utilizing waste materials 

that would otherwise contribute to pollution. Biomass conversion to bioenergy can occur through three 

primary processes: thermochemical, biochemical, and chemical conversion. Thermochemical 

conversion involves heat and chemical processes, biochemical conversion uses enzymes and 

microorganisms, and chemical conversion employs chemical agents. Biomass residues, such as paddy 

straw and husk, possess significant power generation potential. For instance, paddy straw in some 

regions can generate up to 3644 MW, yet remains underutilized, often being burnt in fields, causing air 

pollution and health hazards. This highlights the 

need for more efficient biomass utilization 

strategies to harness its energy potential while 

mitigating environmental impact. 
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INTRODUCTION 

Accurate biomass assessment, involving both 

quantitative and qualitative analyses, is essential for 

optimizing its potential. Various techniques 

estimate biomass in different fields, including 

forestry and remote sensing for woody biomass, 
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agriculture for crop residues, animal husbandry for animal waste, and municipal and industrial sectors 

for their respective waste [1]. Efficient biomass supply chain management and logistics are crucial for 

maintaining economic viability. Key factors influencing logistics include the number of steps in the 

process, material characteristics, system complexity, and specialization. Simplified logistics with fewer 

steps are more cost-effective [2]. The biomass supply chain begins with harvesting, and the methods 

vary depending on the biomass type. For instance, forage grass and hay harvests employ equipment, 

such as mowers and forage choppers. Biomass and biofuel offer significant renewable energy and 

ecological benefits. Efficient conversion processes, accurate assessments, and streamlined logistics are 

critical for maximizing this potential, reducing reliance on fossil fuels, and promoting environmental 

sustainability. Increased focus on biofuel development and biomass management can lead to a more 

sustainable and eco-friendly energy future [3]. 

 

Biomass Supply Chain Management: A Detailed Review 

Biomass (bio=life+ mass=matter) refers to biological materials derived from living or recently dead 

organisms. The energy obtained from these sources is biomass or bioenergy. Fuelwood biomass was 

the first energy source used by humans and was the main fuel until the Industrial Revolution, after 

which fossil fuels such as coal and oil replaced biomass as the main fuel [4]. 

 

Biofuel 

Biofuels are liquid and gaseous fuels produced from biomass-derived organic matter derived from 

plants and animals. In recent years, global interest in biofuels has greatly increased due to the shortage 

of fossil fuels [5]. Various methods are available for fuel extraction from biomass, and some advantages 

and limitations are given in Table 1, and classifications are given in Figure 1. 

 

Energy and Ecological Balance 

The transition to renewable energy is imperative given the dwindling fossil fuel reserves and 

escalating environmental concerns. Biomass and biofuels are pivotal solutions for this endeavor. 

Derived from organic materials such as agricultural residues, vegetable oils, and animal wastes, these 

energy sources offer dual benefits: they provide a sustainable alternative to fossil fuels and contribute 

significantly to the ecological balance. By converting biomass into bioenergy through advanced 

thermochemical, biochemical, and chemical processes, greenhouse gas emissions can be reduced, and 

waste materials can be efficiently utilized. This not only mitigates pollution but also supports a circular 

economy, making biomass and biofuels essential components for a sustainable energy future [6, 7]. 

 

Conversion Routes of Biomass 

Biomass can be converted into bioenergy via three fundamental processes. The selection of a 

conversion technology depends on the 

• Specific types of biomass 

• Desired end-product. 

 

Table 1. Advantages and limitations of biofuels. 

Advantages of biofuel Limitations of biofuel 

• Biofuels are carbon neutral because carbon 

dioxide emitted during the burning of fuel is 

neutralized by carbon dioxide used by the plant 

during its growth. 

• They have low contents of ash, carbon, 

sulphur, nitrogen, and trace elements. 

• They are widely available and are relatively 

cheap sources (if the site of production and 

usage are not very distant). 

• They are renewable sources of energy. 

• Biofuels, generally, have a high content 

of moisture, chlorine, potassium, sodium, 

manganese, and some trace elements. 

• Technological problems arise during heat 

treatment. 

• Transportation facilities are necessary if 

the site of production and usage is far off. 

• They have low energy density. 
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Figure 1. Classification of biofuels. 

 

Major Bioenergy Technologies (Table 2) 

1. Thermochemical Conversion is the application of heat and chemical processes to the production 

of energy products from biomass. 

2. Biochemical Conversion involves the use of enzymes, bacteria, or other microorganisms to break 

down biomass into liquid fuel. 

3. Chemical Conversion involves the use of chemical agents to convert biomass into liquid Fuels [8]. 

 

Biomass Assessment Techniques 

Biomass is a highly dispersed source of energy, and to fully exploit its potential, we first need to 

assess the quality and quantity of the available biomass. For quantitative analysis of the available 

biomass, the following techniques are in practice, and for qualitative assessment, Biomass 

Characterization Techniques are used (Table 3). 

 

Table 2. Major bioenergy technologies. 

Thermochemical process Biochemical process Chemical process 

• Direct combustion 

• Pyrolysis 

• Gasification 

• Anaerobic digestion 

• Aerobic digestion 

• Alcoholic fermentation 

• Bio-photolysis 

• Direct fuel extraction 

• Biodiesel and esterification 

• They are produced directly from food crops for use in biodiesel (rapeseed oil) or bio-ethanol (wheat
and sugars).

•As food grains are used for fuel production, such fuels challenge food security. 

• Bioalcohols,Biodiesel,Vegetable oil Biogas,Syngas,Solid biofuels

First generation biofuel

• They are produced from non-food crops such as wood, organic waste, food crop waste and hence 
overcome limitations of first generation.

•Also known as Ligno-cellulosic based Biomass.

• The stalks of wheat, corn and wood, Biomass crops, Cellulosic biofuels, Biohydrogen, 
Biomethanol, Wood diesel

Second generation biofuel

• They are produced from special energy crops such as algae. 

• The algae are cultured to act as a low-cost, high-energy and entirely renewable feedstock. 

•Algal Fuel

Third generation biofuel

• They differ from second and third generation fuel as at all stages of production the carbon dioxide 
is captured using processes such as oxy-fuel combustion

• The carbon dioxide can then be geo -sequestered by storing it in old oil and gas fields or saline 
aquifers (still in lab)

•Green Diesel

Fourth generation biofuels
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Table 3. Biomass assessment technique for specialized field. 

Specialized field employed Biomass estimated 

Forestry and remote sensing Woody biomass and tree-based oil seeds 

Agriculture Agricultural residues 

Animal husbandry Animal wastes 

Municipal bodies Municipal wastes 

Industries Industrial waste 

 

Biomass Supply Chain 

In the previous sections, we observed that the selection of biomass for power generation depends on 

many factors: 

• Availability of feedstock 

• Quality of feedstock 

• Quantity of feedstock 

• Economic viability of the process 

 

Maintaining the economic viability of any process is known as biomass logistics or supply chain 

management. Important points that affect biomass logistics operations are: 

• Number of steps in process: The fewer the number of steps involved in the supply chain, the 

more successful the logistics, as the reduction in the number of steps reduces expenses. 

• Characteristics of material: The characteristics of the material, such as the relative size and 

density, can affect logistics. 

• Complexity of the system: The number of alternative routes available for processing a biomass 

material may vary and, depending upon the choice of method cost, may change accordingly. 

• Specialization of the system: The efficiency of a system is directly proportional to its 

specialization [9]. 

 

Biomass Harvesting 

Biomass harvesting is the first step in the supply chain, and the harvesting method depends on the 

biomass type. 

 

Forage Grass and Hay Harvest 

The commonly used equipment for harvesting forest grass or hay includes a mower, forage chopper, 

or sickle bar cutter, and the process can be summarized as follows (Figure 2). 

 

Agricultural Residue Harvesting 

The collection of biomass resources at the time of the primary crop harvest subsidizes the cost of 

operation. Hence, it is a regular practice in all major agriculture-based economies worldwide, and a 

combined grain harvester or chopper is used for this purpose. 

 

Forest Biomass Harvesting 

Harvesting and preparing forest biomass requires special treatment, as the size of the material 

increases and the harsh conditions of the place. Conventional forest harvesting consists of two methods 

compared in Table 4. Hence, we can conclude that the selection of the above technologies depends on 

the needs of the market and the scale of the project. 

 

Biomass Collection and Transportation 

Transportation is a potentially expensive and challenging aspect of biomass logistics. To minimize the 

total transport costs, the transportation distance must be kept at a minimum (Figure 3). 



 

Research & Reviews: Journal of Ecology 

Volume 13, Issue 2 

ISSN: 2278-2230 

 

© STM Journals 2024. All Rights Reserved 33  
 

Table 4. Comparison of major food harvesting systems. 

Characteristics Tree length system Cut to length system (CTL) 

Basic concept In this system, trees are cut by 

a feller buncher and carried by 

a loader to a central location 

where it is cut processed or cut 

into different sizes. 

In this system, a harvester cuts the 

tree into various length pieces at the 

same time and then a forwarder picks 

up and puts segments in trucks for 

transportation. 

Output High Low 

Marketing 

opportunity 

Reduced High 

Capital 

investment 

Less High 

Environmental 

Impacts 

High Low 

Heat generation High Low 

Skilled labor  Not necessary Expertise required 

 

 

 
Figure 2. Flowchart for forage/hay harvesting. 

 

 
Figure 3. Biomass transport challenges. 

Forage or grass

Wet processing 
options

Chopping

Dry processing 
options

Chopping Baling

Challenges of 
transportation

Scheduling arrival and departure of 
consignment

Investing capital in loading and 
unloading of material

Field 

transportation 
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Biomass Storage 

Biomass is bulky, and solid biomass fuel is more difficult to handle than the liquid and gaseous forms. 

The main concerns during the storage and handling of solid biomass fuels are their moisture content 

and size. Biomass collection formats—a comparison of the advantages and disadvantages is depicted 

in Table 5. 

 

Table 5. Biomass collection formats: a comparison. 
Format Used for Advantage Disadvantage 

Round bales Agricultural 

residues or 

herbaceous 

energy crops 

Shed some moisture 

when stored outside. 

Difficulty in loading on trucks and in indoor 

storage. 

Rectangular bales Agricultural 

residues or 

herbaceous 

energy crop 

Easy to load on trucks and 

store inside. 

Higher bulk density in 

comparison to round 

bales.  

Do not lose moisture easily and hence higher 

storage costs larger size tractor required for 

transportation in comparison to round bales. 

 Windrow or bundled 

forestry residue 

Forest products Allow for passive drying 

when stored outside. 

Not suitable for indoor storage and therefore 

chipped for storage post-drying. 

Chopped/chipped bulk 

piles 

Forest products 

for supply to 

biorefinery 

Partially pre-processed 

with increased bulk 

volume, homogeneity, 

and handling. 

Require specialized equipment and packing for 

efficient storage due to high moisture content, 

microbial respiration, and reduction in heating 

value. For this purpose, systems have been 

developed with ambient air flow to reduce 

moisture content and enhance storability.  

 

Piling up is the simplest way to store biomass, but the moisture content present in the biomass is of 

critical concern. Wood chips with moisture content over 20–30wt.% (w.b.) in a pile may undergo 

biological and biochemical degradation, as well as, in some cases, chemical oxidation processes 

resulting in heat development, which can cause self-ignition [10]. 

 

Short-term Storage 

Once the biomass is transported from the field to the processing site, the arrangement for the short-

term storage of biomass is important to ensure its fail-safe supply. Such systems are mostly attached to 

fuel-feeding devices. 

 

CONCLUSION 

In conclusion, biomass and biofuels offer sustainable alternatives to fossil fuels, addressing both 

energy needs and ecological concerns. Biomass derived from sources such as agricultural residues, 

vegetable oils, and animal wastes can be converted into bioenergy through thermochemical, 

biochemical, and chemical processes. Biofuels reduce greenhouse gas emissions and utilize waste 

materials, thereby contributing to environmental sustainability. Despite the significant power generation 

potential of residues, such as paddy straw, they remain underutilized. Improved biomass assessment, 

efficient supply chain logistics, and targeted harvesting methods are essential for optimizing biomass 

use and maintaining its economic viability. By advancing biofuel development and biomass 

management, we can reduce fossil fuel dependence, mitigate environmental impacts, and promote a 

greener energy future. Emphasizing ecological benefits alongside technological innovations is key to 

realizing the full potential of biomass and biofuels in creating a sustainable energy landscape. 
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