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Abstract 

 

Biochar is a charcoal-like chemical produced by 

controlled pyrolysis of organic waste from forestry and 

agriculture (also known as biomass). Despite its 

roughness, Biochar is created using a proprietary 

process that minimizes contamination and properly 

retains carbon. During pyrolysis, organic materialssuch 

as wood pellets, leaf litter, or decomposing plants are 

burned in a tank withvery little oxygen. As a result, 

when the materials burn, they produce little to no 

pollution. During the pyrolysis process, the organic 

material is converted into Biochar, a stable form of 

carbon that cannot easily escape into the atmosphere. 

The energy or heat generated during pyrolysis may be 

collected and used tocreate clean energy. Biochar is 

black, incredibly porous, lightweight, fine-grained, and 

has many applications. Biochar is a solid organic 

residue generatedby the pyrolysis of biomass. Biochar 

significantly influences soil fertility as a soil 

amendment because it changes the soil’s chemical, 

biological, and physicalaspects. As a result, Biochar 

has dramatically reduced greenhouse gas emissions, 

global warming, and soil nutrient depletion. In 

addition, Biochar is capable of adsorbing heavy 

metals. As a result, biochar production has the 

potential to improve soil qualities while also 

presenting opportunities for additional money. This 

study examines the production, agronomic, 

andeconomic benefits of Biochar. 

 

Introduction 

 

Biochar is a charcoal-like compound made by burning 

organic waste from forestry and agriculture (also 

known as biomass) in a controlled pyrolysis procedure. 

Although its texture, biochar is made using a unique 

design that reduces contamination and properly stores 

carbon. Organic compounds, such as wood pellets, leaf 

litter, or decaying plants(Figure 1), are burnt in a tank  

 

 

with extremely little oxygen during pyrolysis(Figure 

2). As a result, when the materials burn, they emit few 

to no polluting emissions. The organic material is 

turned into Biochar, a stable form of carbon that 

cannot easily escape into the atmosphere during the 

pyrolysis process.
[1] 

As a result, the energy or heat 

produced during pyrolysis may be collected and used 

as a clean energy source. Biochar is black, very 

porous, lightweight, fine-grained, and has a vast 

surface area in terms of physical characteristics. 

Carbon contributes to around 70% of its makeup. The 

remainder comprises nitrogen, hydrogen, and oxygen, 

among other components. The chemical composition 

of biochar varies based on the feedstocks utilized and 

the methods used to heat it.
[2]

 Biochar can increase the 

material's storage capacity to decrease water and 

nutrient leaching. By enhancing fertilizer use 

efficiency, decreasing fertilizer prices, and preventing 

the need to enforce water-quality rules for nonpoint 

source pollution, minimizing nitrogen losses through 

leaching can boost grower profits and sustainability. In 

agriculture, biochar is primarily used to increase crop 

nutrition, plant growth, and soil fertility.
[3]

 It 

consequently raises farming production as a whole. As 

an animal feed, it has attracted much interest in 

livestock farming. 
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Figure 1: Sources of Biochar 

 

 

How is Biochar formed? 
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Figure 2 : Formation of Biochar by pyrolysis 
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History of Biochar 

 

Biochar originated from an old Amazonian method. 

 

Using Biochar for soil nutrient retention and growth is 

considered to have begun around 2,000 years ago in 

the Brazilian Amazon. Archaeological investigations 

show that native Amazonians thrived in agrarian 

civilizations supported by modifying nutrient-poor 

tropical soils with charcoal (called Biochar) and 

organic matter. These populations appear to have 

succeeded from 400 BC until they were killed by a 

pandemic brought by Spaniard expeditions as late as 

500 years ago. Amazonians were considered to have 

manufactured Biochar by blazing, then burying and 

smoldering material to achieve the low-oxygen 

conditions required for charcoal production. This is 

known as slash-and-char agriculture, and it can result 

in up to 50% carbon sequestration compared to slash-

and-burn techniques, which produce more ash and only 

1% to 3% carbon sequestration. In the mid-fifteenth 

century, Spanish explorerFrancisco de Orellana led 

several hundred-foot soldiers and cavalry into the 

Brazilian Amazon (Xingu) deltas, intending to 

establish towns near the river's mouth and interior. At 

the time, Orellana described an advanced civilization 

thriving in the Amazon area. Orellana's assertions are 

supported by geoglyphs and substantial terra preta 

(Biochar) altered soils dated between 0 and 1250 AD. 

In addition, contemporary archaeological studies by 

Michael Heckenberger and Eduardo Goes Neves have 

revealed ancient city ruins, 60-foot-wide "highways," 

and biochar-fertilized soils in Amazon zones visited by 

Orellana's expedition.
[4] 

 

Applications of biochar  

 

A. Removal of inorganic and organic 

environmental pollutants  

 

The two most essential trace elements, N and P, are 

two elements that contribute to pollution and 

environmental damage. Heavy metalloids and nutrients 

are soil's most common inorganic pollutants. Some 

heavy metalloids are physiologically necessary 

elements that must be consumed in trace amounts and 

are referred to as trace elements or micronutrients 

(e.g., Co). Cu, Cr, Mn, Se, and Zn are examples of 

metals. On the other hand, some unnecessary weight 

Metalloids are phytotoxic, zootoxic, or both, and hence 
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must be avoided and referred to as harmful 

components (e.g., As, Cd, Pb, and Hg). Both teams are 

very detrimental to plants, animals, and people in high 

quantities. 

Persistent organic pollutants (POPs), emerging organic 

pollutants (EOPs), and certain pesticides are examples 

of organic pollutants generated from industrial and 

agricultural activities or domestic goods. POPs of 

concern are emitted through industrial operations and 

manufacturing goods containing chemical families 

such as polychlorinated biphenyls (PCBs), 

polychlorinated dibenzo-p-dioxins and dibenzofurans, 

and polycyclic aromatic hydrocarbons (PAHs). POPs 

may build up in the soil and be hazardous to soil 

microbes. Emerging organic pollutants are a class of 

synthetic substances that have lately been discovered 

in grounds. Typically, phthalate acid esters (PAEs) 

[dibutyl phthalate and di(2-Ethylhexyl) phthalate.
[5]

 

Biochar has been found useful in the removal of 

organic as well as inorganic poluutants(Figure 3). 

 

 

 
 

Figure 3 - Inorganic and organic environmental 

pollutants removed by Biochar 

 

In recent research, an author studied the sorption of Pb, 

Cu, Ni, and Cd amended with five different manure 

biochar, namely (poultry litter, turkey litter, swine 

solids, dairy, and paved feedlot)Table 1.
 [6]

  

Table 1 : Biochar and pollutants 

 

S.No. Elements Results Reference 

  1   Pb  The relationship 

between phosphate 

and carbonate has not 

explained the 

adsorption of Pb by 

Biochar. 

      7 

 

   2   Cu  There was and 

positive appearance 

correlated with 

pyrolysis 

temperature. In 

addition, it displayed 

a rise in pH and 

complexes of 

electron donors and 

acceptors with 

condensed aromatic 

phases. 

  3   Cd Due to differences in 

the feedstock's 

density of nitrogen-

containing surface 

functional group, 

pyrolysis temperature 

had no discernible 

impact. 

Some of the author's research and their observation has 

been discussed in table 2. 

 

Table 2 : Inference on use of biochar in Cu removal 

 

S. 

No. 

Inference Reference 

   1 Biochar could absorb up to 42000 

mg Cu kg from the aqueous 

solution.  

      8 

    

2 

Cu at higher temperature was 

retained by binding to an organic 

ligand on the biochar surface. 

      9 

    

3 

Quinoa plant was grown on the 

sand in the presence of 0 to 200 mg 

Cu, it helped the plant to overcome 

the stress due to the reduced 

toxicity of Cu in a plant; this 

happened because Cu binds on 

Biochar negatively charged to 

carboxyl groups. 

      10 
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Utilization of Materials Based on Modified Biochar 

for the Removal of Environmental Pollutants
 - 

Because of its unique characteristics and the range of 

functional groups available on its surface, Biochar that 

has undergone several processing steps can be changed 

and used as a catalyst or catalyst support. 

It covered titanium, iron, iron oxide metal catalyst 

supports, and biochar-based catalyst materials. When 

contaminants are oxidized, and adsorbent is removed 

by redox or electron transfer mechanisms, the 

functional groups attached to the surface of the 

Biochar can promote the generation of active radical 

species instead of classifying them according to the 

technical category, with a focus on the tremendous 

potential to be enhanced in field applications. These 

sustainable biochar-based products produce efficient 

removals of environmental toxins as catalysts or 

support. 

Activation and functionalization techniques must first 

be applied to Biochar as a pretreatment to improve the 

efficiency of the removal of contaminants. Biochar's 

pore volume and the surface can increase activity, 

either physically or chemically altered. While CO2 or 

steam gas are typically used in the physical activation 

of biochar, inorganic acid, base, or neutral salts like 

HNO2, H2SO4, H3PO4, KOH, and ZnCl2 are used in the 

chemical activation of Biochar. 

Depending on the order in which the treatment steps 

are applied, there are two different processes to deposit 

functional groups on the biochar surface. One involves 

pre-coating biomass with reagents containing 

functional groups before pyrolysis or other thermal 

procedures. The other consists of impregnating 

Biochar with reagents that include functional groups 

after pyrolyzed biomass.   

Biochar has been enhanced with multi-functional 

groups to oxidize a reducible molecule by transferring 

electrons obtained from metal or photocatalysts. 

Suppose the biochar surface has an active oxygen-

included functional group, such as carboxylic, 

carbonyl, or hydroxyl groups. In that case, it can 

function as an electron transfer platform, such as an 

electron acceptor or donor. These surface functional 

groups on biochar are also responsible for increasing 

the removal efficiency of contaminants by improving 

adsorption capacity. Additionally, products based on 

modified Biochar can be used to minimize the odorous 

air generated by volatile organic compounds released 

by municipal solid waste(Figure 3).
 [11] 

 

    
Figure 3 -A summary of biochar's pollutant 

elimination processes. 

 

 

B. Biochar in water remediation 

 

Different feedstocks and reactors make biochar from 

pyrolysis, gasification, or HTC(Table 3). 

 

Table 3 – Biochar generation techniques and 

sources 

S. 

No. 

Types of 

Biochar 

Technique used References 

1 Pinewood 

char, oak 

wood 

char 

Pyrolysis include 

auger 

12 

2 Pinus 

taeda 

Pyrolysis 13 

3 Pine 

needles 

Pyrolysis 14 

 

Different types of biochar are used to remove the metal 

ions from the water. Most of the biochar removed the 

copper ions and lead from the water. Pinewood char 

and pine bark char helped in removing lead and 

cadmium ions. Peanut straw char, soybean straw char, 

canola straw char, rice husk, dried olive pomace, 

orange waste, and dairy manure Biochar helped to 

remove lead and copper ions. 

It can be concluded that biochar has been proven 

beneficial for plant growth and purification for water 

remediation. Further, since biochar contains organic 

matter and has nutrients, it increases the pH of the 

soil's electrical conductivity, organic carbon, and total 

nitrogen. 
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C.Biochar and GHG emissions
  

 

Sequestering C or carbon sequestration, is the presence 

of capturing and storing atmospheric carbon dioxide. 

Biochar was an effective agent for sequestering c in 

soils. There was an impact on greenhouse gas due to 

the application of biochar to the ground, which is 

influenced by the changes in primary crop 

productivity(Figure 4, Table 4).
[15] 

 

Table 4 – Biochar and GHG emissions 

 

S.No. Feedstock 

used 

Observations References 

   1. Swine 

manure 

and barley 

stover 

The level of 

greenhouse 

emission was not 

increased when 

barley stover was 

added to the soil. 

       16 

  2. Peanut hull He investigated 

the effect of 

biochar produced 

by the way 500 

and 800
o
C. there 

was a significant 

reduction of N2O. 

      17 

  3. Miscanthus He found that 

adding biochar 

significantly 

reduced the 

CO2and N2O in the 

presence of 

earthworms. 

      18 

 
Figure 4 - Some of the examples of GHGs 

 

The studies show that the biochar produced from the 

higher temperature of the pyrolysis process was better 

at reducing CO2 than the biochar made from the lower 

temperature of pyrolysis.  

Several authors have studied biochar, taking different 

feedstocks and processes to produce it. The main point 

given by the authors was that biochar could be used as 

a neutral or positive term in plant growth. 

 

D.Biochar in soil remediation
  

 

Because of its (biochar) pore structure and large 

surface groups, it was used to stabilize Pb in soil. Here 

the heavy metals found in the soil cause damage to it, 

and because of this, it can also harm human 

health(Table 5). In recent research, a case was found in 

China where excessive lead in the human body caused 

food poisoning. Iron, cobalt, manganese, zinc, etc., 

lead is the most toxic heavy metal in the soil, affecting 

human health.  

Three categories of popular soil remediation 

techniques—physical, chemical, and biological—are 

available. Biochar is a friendly modifier and a solid 

carbon product produced by thermos chemical 

conversion.
 [19] 

 

Table 5 – Biochar in soil remediation 

 

S.No. Type 

Feedstock 

Result Reference 

   1 Rice husk 

biochar  

Found oxygen-

containing 

functional groups on 

their surface, and 

adsorption of 

aluminium on 

Biochar increased 

after nitric acid and 

sulphuric acid. 

     20 

   2 Corn 

straw 

biochar 

and 

hardwood 

biochar  

It affected soil 

fertility because of 

the adsorption of 

heavy metals. 

     21 

 

  3 Rice husk 

biochar 

and 

manure 

biochar 

He observed that the 

organic and 

inorganic formed on 

the surface of 

Biochar adsorbed 

the heavy metals 

from the soil. 

      22 

 

Biochar can adsorb heavy metals. However, a scientist 

demonstrated that aging could alter biochar's surface 

structure, obstruct the adsorption sites, and affect how 

well biochar stabilizes heavy metals.
[23] 
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 Four different kinds of biochar are used in the current 

investigation (wheat straw, corn straw, peanut shell, 

and pine chips char), and the three aging techniques 

used are: (natural, freeze-thaw, and high-temperature 

aging). The high-temperature aging provided important 

information on heat-enhanced soil remediation. 

 

Effect of biochar on removal of Pb from soil - 

Several biochar species have been used to get the best 

result outcomes. Taking pine chips char, it was 

observed that there was a decrease of lead in the soil 

by 25.14% and 37.30% compared to the ground 

without biochar. Similarly, by adding corn straw char, 

there was a decrease of 30.04% to 57.71% of lead 

compared to the soil without biochar. When adding 

wheat straw char, there was a decrease of 26.98% and 

50.71%, and after adding peanut shell, there was a 

decrease of 26.16% and 49.51%. From this 

observation, we can see that the CSC, WSC, and PSC 

are better at stabilizing the lead in the soil than the 

PCC.  

The author and his colleagues investigated the impact 

of biochar using Biochar made from apple tree 

branches and corn straw. As a result of its large 

oxygen-containing functional group, apple tree branch 

biochar was found to have a more substantial potential 

than corn-based biochar to adsorb lead.
[24]

 

The mechanisms of surface complexation, co-

precipitation, ion exchange, physical absorption, and 

electrostatic attraction were used to analyse the 

stability of lead in the soil.  

 

E. Biochar Modification and it’s application as an 

Environmental Catalyst
 
 

 

Raw biochar with no modification showed no catalytic 

activity, but CO2-activated Biochar showed 

significantly increased activity for phenolic pollutants. 

Cellulose biochar activated with CO2 was evaluated for 

removing phenol and chlorinated phenolic compounds 

such as mono-chlorophenol, dichlorophenol, and 

trichlorophenol at different temperatures (800 to 950
o
C 

at 50
o
C intervals)(Table 6).

 [25]
 

 

Table 6 : Biochar as Environmental catalyst 

S.No. Type of 

Biochar 

Observation Reference 

  1. Rice 

husk  

Biochar pyrolyzed at 

temperatures 

between 300 to 

700
o
C has been used 

      26 

to decompose cis- 

and trans-1,3-

dichloropropene. 

Among the biochar 

samples generated at 

different 

temperatures, 

biochar pyrolyzed at 

500
o
C showed the 

maximum activity 

for 1,3-

dichloropropene. 

2. Furthermore, its 

catalytic 

performance was 

enhanced in the 

presence of moisture 

at reactor 

temperatures ranging 

from 20 to 40
o
C. 

The degradation 

mechanism of 1,3-

dichloropropene has 

been reported to be 

O.H. radicals caused 

by various 

environmental free 

radicals on Biochar. 

   2. Maize 

straw  

The salty water-

mediated Cr (VI) 

removal by biochar 

synthesized with 

maize straw biomass 

pyrolyzed at 

different 

temperatures (300, 

500, and 700
o
C) was 

investigated to 

determine the effect 

of the biochar 

surface on the 

pyrolysis 

temperature. The 

removal of Cr (VI) 

dropped 

dramatically as the 

pyrolysis 

temperature 

increased due to a 

decrease in the 

number of 

      27 
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oxygenated 

functional groups 

that transfer 

electrons to Cr, such 

as hydroxyl or 

carbonyl groups 

(VI). According to 

their findings, 

Biochar pyrolyzed at 

300
o
Celsius had the 

maximum efficacy 

for removing Cr (VI) 

due to the most 

significant oxygen 

density on the 

surface. 

   3.  Swine 

manure 

and 

adding 

Mg and 

Fe 

They employed this 

biochar to remove 

pollutants, tylosin, 

and rhodamine B 

and got high 

removal capacities 

of 92.2% and 89.1%, 

respectively, for 

tylosin and 

rhodamine B. They 

also evaluated the 

catalytic activity for 

contaminant removal 

according to 

peroxymono sulfate 

(PMS) loading for 

the antibiotic 

component tylosin 

and dyestuff 

rhodamine B 

degradation using 

swine dung Biochar 

pyrolyzed at four 

different 

temperatures, 400, 

500, 600, and 700
o
C. 

      28 

    4.  Reed 

biomass  

N-doped biochar 

was created by 

pyrolyzing at a 

temperature of 

900
o
C reed biomass 

to ammonium nitrate 

and then tested for 

its ability to remove 

phenol, orange G, 

     29 

sulfamethoxazole, 

and bisphenol A 

from an aqueous 

solution. 

   5. Corn 

cobs and 

corn 

stalks 

The Fe/C Biochar 

effectively 

eliminated 

trichloroethylene 

environmental 

contaminants from 

groundwater. He 

pyrolyzed two 

distinct feedstocks, 

maize cobs (C.B.) 

and corn stalks 

(S.B.), at low and 

high temperatures, 

300
o
C (CB300, 

SB300) and 600
o
C 

(CB300, SB300) 

(CB300, SB600) 

       30 

 

The maximum activity for eliminating tylosin and 

rhodamine B was found in biochar pyrolyzed at 700
o
C. 

A reaction of PMS and the surface functional groups 

on the biochar via electron transfer generated reactive 

oxygen radical species such as hydroxyl radical, 

singlet oxygen molecule, and superoxide, which 

accelerated the removal of organic contaminants in the 

degradation of tylosin and rhodamine B using swine 

wastewater biochar. 

Fe-CB600 demonstrated the highest catalytic activity 

for TCE removal. 

Through several complicated interactions with multi-

functional groups in biochar, iron oxides create metal 

iron or iron hydroxides; zero-valent iron or iron 

oxides, including biochar, can be used for long-term 

environmental contamination clean-up. Biochar can be 

used to reduce treatment-resistant endocrine disruptors. 

The modified Fe3O4-BB was created by co-

precipitating iron oxides (bamboo biochar). The 

biochar was created by pyrolyzing Moso bamboo 

(Phyllostachys pubescens) biomass at 800°C and then 

calcining it at 300°C before use. The effectiveness of 

N.P. removal changed somewhat with pH: 85%, 83%, 

and 71% at pH 3.0, 6.0, and 9.0, respectively.
[31]

 

Biochar formed from various biomass feedstocks, such 

as agricultural and forestry residues, could be used as 

photocatalyst support for TiO2 to remove harmful 

pollutants due to its low cost and adsorption ability 

toward organic molecules. Author conducted research 
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in Guangzhou on the photocatalytic oxidation of 

methyl orange using TiO2 and biochar made from 

walnut shells. They discovered a considerably 

enhanced removal efficiency for the decolorization and 

mineralization of methyl orange utilizing walnut shells 

biochar under U.V. (500 W, 360 nm) irradiation due to 

the many functional groups on the biochar surface.
 [32]

 

To evaluate the biochar's ability to adsorb Al 

dependent on the loading, the Al-biochar samples were 

synthesized with different Al contents (5, 10, 15, 20 

wt.%). The addition of NaNO3 and KH2PO4 brought 

the concentrations of nitrate and phosphate to 50 mg/L, 

respectively. The pH and Al loading impacted the 

phosphate and nitrate adsorption by Al-biochar. 

Phosphorus-adsorbed Biochar can be used as a P-rich 

fertilizer for soil remediation because it is an essential 

component for plant development or germination. 

Phosphorus was taken out using the Al-doped Biochar. 

Two types of Biochar were created by pyrolyzing 

chicken waste and sugarcane straw at 350 and 650 
o
Celsius. The prepared biochar was heated to 350

o 
to 

remove phosphate, and limiting CO2 loss would lower 

activity. Al-biochar with various amounts of Al 

loading was created by combining the Biochar with an 

AlCl3 solution. 

 NOx and ammonia can be eliminated using activated 

charcoal. Due to the increased surface area, pore 

volume, and oxygen-containing functional groups, the 

activated Biochar made from rice straws and sewage 

sludge had equivalent activity for removing NOx with 

86% and 46%, respectively. Additionally, biochar with 

transition metal additions demonstrated NOx reduction 

activity. The alkali-activated rice straw biochar and 

manganese oxides-impregnated rice straw biochar 

showed similar NOx reduction capabilities.
 [33-35] 

 

F. Economic Importance of Biochar
 
 

 

Biochar is a solid organic residue produced by biomass 

pyrolysis. When employed as a soil amendment, 

biochar significantly impacts soil fertility by changing 

the soil's chemical, biological, and physical properties. 

Biochar has achieved significant advances in 

decreasing greenhouse gas(GHGs) emissions and 

global warming, as well as soil nutrient depletion. 

Leaching losses are reduced, atmospheric carbon is 

sequestered into the soil, agricultural output is 

increased, the bioavailability of environmental 

pollutants is reduced, and the economy is sustained. 

The research and use of bio-resources, which includes 

the application of biotechnology to develop new bio-

products with economic value, is what bio-economy 

entails. Biochar is a commercially viable bio-product 

that may be utilized in agriculture, industry, and the 

energy sector. As a result, biochar production can 

improve soil properties while providing prospects for 

additional revenue. This review discusses Biochar's 

production, agronomic, and economic benefits(Figure 

5). 

Adopting biochar-based techniques for energy 

generation, soil management, and carbon sequestration 

is essentially the responsibility of individual 

businesses, towns, and farmers. Biochar has the 

potential to be a crucial intervention in addressing key 

future concerns; it is best viewed as an essential 

"wedge" strategy that contributes to a broader portfolio 

of options. Because biochar systems serve various 

purposes, adoption may vary in multiple industries. 

Concerns about exploiting biomass resources that 

might otherwise fulfill ecological functions or human 

needs must be fully considered. As with bioenergy in 

general, potential conflicts between generating energy 

and biochar against food must be considered as a result 

of the widespread implementation of biochar 

technology.
 [36] 

 

 
Figure 5 – Economic importance of Biochar 

 

G. Biochar in Agriculture  

 

In a news article, it has been seen instead of 

contributing to air pollution; stubble may be utilized to 

increase soil health and crop output by being converted 

into Biochar, a black-like compound, according to 

JNU's School of Environmental Sciences. According 

to SES professor Dinesh Mohan, who has been on the 

global list of highly cited researchers for the past seven 

years, Biochar may not only alleviate the problem of 

stubble burning but also "remove carbon from the 
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carbon cycle, enhance soil fertility, and boost yield" in 

the long term. According to the Ministry of New and 

Renewable Energy, the country's annual biomass 

availability is estimated at 500 million metric tonnes. 

"Unfortunately, a significant amount of leftover crop 

wastes is burnt in the fields after harvest, generating 

significant air pollution and releasing carbon dioxide, 

which contributes to global warming. It also results in 

a significant loss of carbon feedstock that might be 

utilized to increase soil fertility. According to the 

Ministry of New and Renewable Energy, the country's 

annual biomass availability is estimated at 500 million 

metric tonnes. Tragically, following harvest, a 

considerable amount of unwanted crop wastes is burnt 

in the fields, generating major air pollution and 

releasing carbon dioxide, which contributes to global 

warming. It also results in a significant loss of carbon 

feedstock that might be utilized to increase soil 

fertility. 

In seven weeks, eggplants grew approximately 36% of 

their initial size, compared to 53% in soil modified 

with rice husk biochar.
 [36] 

 

H. Biochar and Pharmaceuticals
 
 

 

The creation of pharmaceutical waste in the home and 

industrial wastes is a significant problem needing 

specialized treatment options. Human actions result in 

the release of tetracycline, antibiotics, painkillers, life-

saving medications, and birth control pills. Recently, 

biochar has gained popularity as a potential adsorbent 

for removing pharmaceutical contaminants. 

Pharmaceutical contaminants are completely recovered 

in biochar made from renewable resources. Biochar 

may be recycled up to 8 times with very little 

efficiency loss, unlike other adsorbents. The biochar 

made from Eucommia ulmoides had the largest 

recoveries of pharmaceutical contaminants, at 1163 

mg/g for tetracycline. The pharmaceutical business is a 

rapidly expanding sector that provides human medical 

care. The ingredients used in pharmaceutical and 

personal care products have biological effects that 

guard against infectious illnesses in humans and 

animals, as well as promote health. A potential tool for 

achieving carbon neutral and carbon-harmful levels is 

biochar. In the first instance, it works by lowering the 

amount of carbon released into the atmosphere, and in 

the second, it creates bioenergy that may be used in 

place of fossil fuels. The four main categories of 

tetracycline compounds, sulfa medicines, quinolones, 

and anti-inflammatories are used to group the research 

on biochar-based elimination of pharmaceutical wastes 

in the current study. Additionally, a classification 

technique for the feedstock utilized to produce biochar 

for treating pharmaceutical pollutants has been 

suggested. One of the most often utilized antibiotic 

groups for human and animal feed additives is the 

tetracycline group. 

Tetracycline usage was rated second worldwide in 

terms of data. Due to the increased frequency of 

industrial discharges, particular care must be taken to 

lessen their potentially dangerous effects. Researchers 

are more interested in adsorption utilizing natural 

materials than other current techniques for treating 

tetracycline wastes. Recent times have seen a lot of 

attention paid to biochar due to its many benefits over 

traditional carbon sources. Depending on the type of 

medications manufactured, pharmaceutical industry 

wastes include a wide range of exceedingly complex 

chemicals. Based on their frequency and the need to 

address them from the standpoint of environmental 

issues, four kinds of pharmaceuticals have been 

considered in the current paper. The three types of 

biochar are reviewed and used to treat tetracycline, 

sulfa compounds, quinolone compounds, and anti-

inflammatory medications through 

adsorption/degradation.The algal-based (Spirulina 

species) biochar generated at a temperature of 750°C 

was shown to be more effective in treating tetracycline 

waste than at 350°C and 550°C, with an adsorption 

potential of 132.8 mg/g.Tetracycline absorption was 

assessed after biochar made from pharmaceutical 

sludge using the impregnated method and dry mixing 

methods was activated with NaOH.
 [37]

 

 

I. Biochar and energy storage
 
 

 

Due to its many uses, energy storage technology poses 

a significant problem for the twenty-first century. 

Today, a variety of technologies have been created, 

including supercapacitors, solar and fuel cells, and 

high-performance batteries. A battery is a structure of 

two or more electrochemical cells that include 

connections for supplying electricity based on 

electrochemical potential. Expert literature has 

concentrated on two primary lithium and sodium ion-

based solid-state battery systems. A fuel cell is an 

electrochemical device that generates electricity by 

supplying fuel (such as hydrogen, carbon, and 

methanol) and an oxidizing agent (i.e., oxygen and 

hydrogen peroxide). A supercapacitor is a device that 

stores energy in an electrical double layer that forms at 
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the junction of an electronic conductor and an 

electrolytic solution. The ability to produce a double 

ionic layer on a larger surface area is crucial for 

creating a supercapacitor material that works. To 

achieve supercapacitor electrodes, physically and 

chemically activated biochar is a highly alluring 

substance. The scientists used sugar maple, oak, and 

hickory woods to demonstrate the correlations between 

conductivity and active biochar structures at 950°C. 

They asserted that when the carbon content changed 

from 86.8 to 93.7 weight percent, biochar conductivity 

increased from 5 x 10
6 

up to 343 S/m. The growth of 

graphite nanocrystals explained this behaviour during 

the high-temperature treatment in the biochar's primary 

structure. Due to the high demand for highly 

technological devices based on lithium-ion batteries, 

many authors have concentrated on their development. 

Many writers have looked at using biochar as anodic 

material to create functional batteries. Biochar was 

produced by pyrolyzing sewage sludge to produce 

hierarchical porous hollow carbon nanospheres with a 

large surface area of up to 1500 m2/g. This biochar 

demonstrated a remarkable discharge capacity of up to 

1169 mAh/g when used as an anode for a Li-ion 

battery. The manufacture of electrochemical measuring 

tools may employ biochar. To create a room 

temperature-relative humidity sensor, use a drop-

casting method to pyrolyze mixed softwoods at 700°C. 

With a relative humidity of 5%, the authors 

demonstrated the beginning of the response, changing 

the impedance by two orders of magnitude when the 

humidity reached 100%. A relative humidity sensor 

with a beginning response at 20% humidity was also 

made using leftover coffee grounds. Additional 

research demonstrated the application of biochar-based 

materials for detecting ions (such as lead, copper, and 

zinc) at concentrations of nmol/L and for organic 

compounds at concentrations of mmol/L. Several 

writers have discussed the use of compounds generated 

from biochar for biosensing.
 [38]

 

                                         

 
Figure 6 - Winter et al., a battery (Daniell cell), a 

supercapacitor, and a hydrogen fuel cell 
The author customized a pomelo pericarp biochar with 

Fe3O4 nanoparticles to achieve a capacity of up to 635 

mAh/g. To create an electrode material with a greater 

initial specific discharge capacity of up to 740 mAh/g 

and strong cycle stability, Salimi et al. coupled the 

Fe3O4 nanoparticle-tailoring method with the pyrolysis 

of algae. 

The only substantial research on ion-based batteries 

comes from an author., who employed biochar from 

diverse biomasses as a precursor for hard carbon 

anodes in sodium-ion battery applications. Other ion-

based batteries have also been produced but in smaller 

amounts.
 [39-40]

  

 

J. Biochar in Modern Science and Technology  
 

Biochar production from waste biomass is attracting 

tremendous interest as a low-cost amendment due to its 

numerous potential benefits to modern science, 

technology, and the environment, as well as its ability 

to sequester carbon in the soil. Biochar generated from 

biomass has applications in contemporary science and 

technology. Until now, no concrete data links biochar 

applications for a sustainable environment and modern 

science in changing climate. Using biochar in current 

science and technology has quantifiable effects on 

renewable energy generation and activated carbon 
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production. Mechanistic evidence supporting biochar's 

capacity to improve crop physiology and reduce salt 

development in plants and its role in boosting animal 

growth is also examined. The amorphous structure of 

Biochar is composed of a crystalline structure with 

nonpolar and polar surfaces and nano-size condensed 

aromatic rings. Surface attributes of charcoal, such as 

hydrophilicity/hydrophobicity, pore volume, surface 

area, and surface charge, can be improved by 

alteration, resulting in more significant adsorption of 

organic contaminants. Many foreign agents have been 

utilized for biochar modification, including zeolite, 

nano-zerovalent iron, nano metal oxides, and nano-

sized silica.   

 
 

Acrylamide-poultry Biochar-(AAm)-CB-based 

composite hydrogel can be utilized as a model for the 

synthesis of silver metal nanoparticles. The addition of 

nano-sized silica minerals or/and zeolite to biochar 

improves its physical and chemical characteristics and 

ability to fix inorganic and organic pollutants in water 

and soil systems. Thus, biochar modification using an 

orchestrated technique using zeolite, nZVI, and silica 

was able to modify the surface functional groups of 

biochar, resulting in better covalent binding, H-

bonding, and - electron acceptor-donor interactions 

and, ultimately, increased adsorption. It is widely 

understood that using biochar can affect the mobility 

and activity of pesticides in soils and sediments. 

Biochar can change the physicochemical environment 

of soil and sediments by providing sorption and 

binding sites for pesticide molecules. This will affect 

the persistence and rate of degradation of these 

compounds. Biochar is highly useful because it can 

contain pesticides and prevent them from moving 

down the soil profile when the groundwater is 

relatively shallow. Furthermore, using carbon-rich 

biochar in soil systems with the correct mixture has 

been demonstrated to reduce pesticide leaching, which 

may be attributed to an impact on the adsorption 

process by entrapping pesticide molecules inside the 

porous structure of the soil. The addition of biochar to 

drought-stressed tomato plant leaves significantly 

increases stomatal conductance, photosynthesis rate, 

respiration, chlorophyll, and relative water contents, as 

well as stomatal density; decreases xylem sap and 

concentrations of leaf ABA in salt-stressed potato, and 

reduces ABA content of xylem in maize and wheat 

with endophytic bacteria. Biochar production from 

farm wood waste pyrolysis is a promising developing 

technique for attaining higher levels of flexibility and 

assurance in integrating renewable energy generation 

and carbon assimilation into soil accounting into 

existing agriculture systems. Biomass, unlike fossil 

fuels, is a significant renewable source of carbon, and 

biochar synthesis from such biomass may provide 

adequate energy sources with almost no mercury or 

sulphur, ash waste, and nitrogen in minimal amounts. 

Energy and biochar generation from mixed wastes may 

reduce waste disposal costs while providing cost-

effective energy services used in various agricultural 

businesses. The sulfonated corn stove stover-derived 

lignocellulosic biomass yield was reported as glucose 

19-22% conversion and xylose 68-81% conversion 

concerning the comparable polysaccharide.
 [41]
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