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Abstract: Because it is environmentally friendly energy, lignocellulosic biomass is regarded as one
of the most promising energy sources. Lignocellulosic biomass, which is obtained from agricultural
waste and forest debris, is the only renewable energy source that contains carbon and is an excellent
resource for biofuels and chemicals conversion. In a future of population explosion, growing energy
consumption, global warming, and decreasing fossil fuels, pyrolysis of lignocellulosic biomass is
seen as a long-term viable alternative source of energy. The main aim of this paper is to synthesize
and extract lignin from biomass. To decompose lignin material by pyrolysis heated and convert into
biochar at high temperature in the absence of oxygen. This research looks at the new technologies
that are being utilized to convert bioenergy waste into energy, as well as the future paths for
Pakistan's bioenergy environment policy. The article outlines the overall progress on Pakistan's
existing biofuel use scenario, as well as the potential for biofuels and fertilizer, as well as the
economic advantages of biofuels over conventional fuels. Ultimately, we explore the role of biomass
in biorefining as a way for regulating its consumption to achieve fossil-fuel independence.

Keywords: lignin, agriculture residues, waste, biofuel, biochemical conversion, biogas, renewable
energy

1. Introduction

Agriculture remains a vital component of Economic growth and poverty reduction. It is the world's
second-largest sector, employing over half of the population and accounting for 21% of GDP.
Livestock is the most significant depositor in agriculture. It accounts for approximately 53.2 percent
of agricultural value-added and, as a result, 11% of GDP [1]. Energy is a fundamental limiting
element in industrialized countries that contributes to stagnation [2]. Crop output is limited by the
energy constraint, and Pakistan's growth rate for 2009-2010 was -2 percent. Food is responsible for
almost 20% of Pakistan's foreign exchange [3]. Pakistan spent $7 billion on imported conventional
energy resources, accounting for 40% of total imports. Despite the country's chronically limited
resources, Pakistan's energy needs are anticipated to quadruple by 2050, according to meticulous
predictions [4]. Alternative energy sources should be investigated as quickly as possible. Biogas is
a distributed form of renewable energy that is unlike any other renewable resource. Animals and
agricultural waste are used to generate bioenergy in practically every rural household. About 15%
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of worldwide energy consumption is accounted for by biomass, with emerging countries accounting
for 38%. A household in Pakistan that uses entirely biomass for energy consumes about 2325 kg of
firewood, 1480 kg of dung, or 1160 kg of agricultural leftovers each year [5].

Thermochemical processes such as pyrolysis are used to create biofuels from bio-based materials [7]
the process of gasification. The word "liquefaction" refers to the process of something being liquid,
extraction of supercritical fluid, liquefaction of supercritical water in addition to the biochemical [8].
Catalytic and semi-hydrogenation, as well as gasification, are used in thermo-chemical biomass
reforming to increase the yield of highly liquid and gaseous compounds that can be exploited[9].
Bioethanol, bioethanol-derived vegetable oils, biodiesel, biogas, biosynthetic gas (bio-syngas), bio-
oil, bio-char, Fischer—Tropsch liquids, and biohydrogen are all examples of biofuels. Any fuel that
may be burned directly to generate power is referred to as "biofuels." Any chemical molecule in the
alcohol family can theoretically be used as a fuel. Methanol (CH3OH), bioethanol (C2H50H),
propanol (C3H70OH), and butanol (C3H8OH) are all alcohols that can be utilized as motor fuels
(C4H9OH). The only fuels that can be found in internal combustion engines are methanol and
bioethanol (ICEs)[10].

Table 1. Major agricultural crop production in Pakistan[6]

Sample Hemicelluloses Cellulose LN
Corncob 32.0 52.0 15.0
Corn storver 30.7 51.2 14.4
Shell of Sunflower 33.7 47.3 18.0
Shell of Almond 28.9 50.7 20.4
Wheat husk 37.1 29.8 17.6
Beech wood 30.8 46.8 22.9
Ailanthus form of 276 457 979
wood

Spruce wood 22.2 51.8 28.5

2. The current state of energy supply and demand in certain areas

Pakistan's strategic location, which borders the Arabian Sea, India, China, Iran, and Afghanistan, is
expected to act as a regional energy corridor. Pakistan will have to strive for energy self-sufficiency
to keep this status. Energy sources are in short supply, and demand cannot be met. Oil, gas, liquefied
petroleum gas (LPG), coal, hydroelectricity, nuclear energy, and imported power have all shown
increased dependency with yearly average growth rates of 5.6 percent, 3.5 percent, 14.2 percent, 7.5
percent, 0.6 percent, -1.7 percent, and 25.5 percent, respectively [11]. Similar findings were
replicated in Pakistan's 2009—2010 economic survey between 2009 and 2010, energy supply fell by
-0.64 percent, and energy availability in tonnes of oil equivalent (TOE) fell by -3.09 percent per
capita. Pakistan will have to fund 29.06 percent of its energy deficit in 2021-2022, based on existing
resources and speed[12], for the following ten years. To meet its goal to create energy from the finest
sustainable energy sources, the European Union (EU) has mandated that each member country
generate at least 22.1 percent of its electricity from renewable resources. Pakistan would be able to
meet its energy needs while maintaining its reputation as an environmentally benign country if it
followed the same code of behavior [13].
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2.1. Biogas and fertilizer potential

As an agro-livestock-based economy, Pakistan has substantial biomass resources in the form of crop
leftovers, dung and manure, chicken litter, sugarcane bagasse, and wood [14]. Electricity generation
from biofuels is one of the most practical solutions; biomass generates roughly 9 Giga Watts of
electricity globally. Pakistan is the world's fifth-largest sugarcane grower, producing 50 million
tonnes of sugarcane and 10 million tonnes of bagasse each year. According to estimates [15], there
are roughly 80 sugar mills with the capacity to create nearly 3000 MW of energy through biogas
processing, although they are currently functioning at 700 MW. The livestock industry is expanding
at a rate of 4% each year. In rural areas, there are over 159 million animals, and their excrement can
be used to make biogas. Animal feces energy production is extremely sustainable because it is
economically viable, socially acceptable, and environmentally friendly [16]. Table 3 shows that the
United States has around 65.2 million cattle and buffalo. 652 million kg of dung would be created if
an average animal produced 10 kg of manure per day. The total will be 326 million kg if 50% of the
treated excrement is collected and used for biogas processing. A 20 kg wet amount of manure would
produce 1 cubic meter (m3) of biogas, according to estimates[17]. As a result, around 16.3 million
m3 of biogas is produced each day. Biogas will meet Pakistan's rural population of over 112 million
people's cooking and other energy needs. In Pakistan, citrus pulp, paper, abattoir waste, and street
garbage all have the potential for biogas production. Poultry waste can be used to create biogas. Rice
straw emitted the most methane when compared to other biogas supplies like the cotton gin, but
when the cotton gin was mixed with livestock dung and fermented, it produced more gas in a shorter
length of time [18]. According to this, rice straw and cotton waste can also be used to generate
electricity. Pakistan can produce 21 million tonnes of biofertilizer per year in addition to coal.
According to a study, the phosphorus concentration of cow farm manure ranges from 4100 to 18,300
mg/kg of dry matter. According to a survey, plants had access to 19 percent fresh manure nitrogen,
37 percent phosphorus, and 29 percent potassium after accounting for all losses, allowing them to
compensate for approximately 20 percent nitrogen and 66 percent phosphorus accessible in the
fields. Organic manures can help farmers save money on commercial fertilizers by enhancing soil
fertility and offering a low-cost energy source[19].

Table 2. Livestock strength in Pakistan[20]

Buffaloes 30.4
Camel 1.2
Sheep 28.6
Cattle 34.1
Equines 5.4
Goats 57.6

2.2. Pakistan's biogas historical context and current circumstances

In China and India, biogas is a growing industry. Up to 2007, China had 6.8 million household
digesters and 1000 medium and large-scale digesters in operation, producing 2 million m3 of gas
and accounting for 5% of the total national gas output. To exploit the potential of cattle waste, Tibet
introduced the residential biogas model (RBM), which has had a positive impact on the region's
socio-economic conditions. Biogas plants have been attempted in Pakistan, with the first known
biogas plant using farmyard manure being constructed in Sindh in 1959 [21]. In 1974, the Pakistani
government was first made aware of household biogas plants as a renewable energy source. PCAT
(Pakistan Council for Appropriate Technology) used Chinese fixed dome technology to build 21
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biogas plants. These plants were unable to function due to gas leakage from hairline cracks in their
construction. Following that, the Indian design was approved, and 10 demonstration units were built
in Azad Jammu and Kashmir (AJK). Because of their performance, these units were adopted for
mass manufacture [22]. Meanwhile, the Directorate General of New and Renewable Energy
Resources (DGNRER) began work on a 4000 biogas plant project in 1986. This three-tiered project
includes 100 government-sponsored demonstration units in the first phase, a 50% subsidy in the
second phase, and continued technical help to motivate individuals in the third step [23]. Due to a
lack of government support, exorbitant technical expenses, a lack of successful community training,
insufficient demonstration, and low motivation, the program failed. With the help of the Pakistani
government, the Anaerobic Digestion Support Program (BSP) was launched in 2000 to install 1200
residential biogas units. The program's initial aim of building 10,000 biogas plants in the next five
years was met, accounting for 27% of Pakistan's total biogas capacity. The Pakistan Dairy Production
Company (PDDC) is building biogas units as part of its Horizon-3 effort to deliver low-cost
alternative renewable energy to rural areas. As of May 13, 2009, over 450 biogas plants have been
installed. However, the number of implementations quickly climbed to 556 by July 2009, owing to
a significant reaction [24]. with expenses ranging between 35,000 and 40,000 PKR per biogas unit,
each of these home units can be powered by the dung of 4-6 buffaloes and/or cows. Farmers who
use the PDDC are also eligible for a subsidy of 50 percent. The Rural Support Programs Network
(RSPN) began a biogas production program in 2009, with 70 units deployed in the first year. People
can select from a range of unit sizes based on their needs and capacities, as well as receive a subsidy
of RKR 7500. The Nepalese GGC 2047 fixed dome architecture is used in the Domestic Biogas
Program. To market this technology in Pakistan, leaflets, brochures, TV and radio shows, farmer
meetings, and manuals have all been employed. The Alternative Energy Production Board is
updating policies and actively engaging with all stakeholders to develop renewable energy from
biomass [24]. The Pakistan Council for Renewable Energy Technologies (PCRET) has built nearly
1500 household-sized biogas units, three community-sized plants, and one major thermophilic
facility, as according to sources, however, these units have been failing for a long time, making
large-scale biogas plants relying on Japanese technology pruden[25].

2.3. Biogas has several advantages over traditional fuels in terms of cost

Traditional biofuels including LPG, fuelwood, dung cakes, and chemical fertilizer cost around 3550
PKR, while healthcare costs are around 1000 PKR. Each month, 600 PKR of chemical fertilizer will
be replaced by bio-slurry [26]. Community organizations in Punjab, on the other hand, said that
biogas plants produced enough gas to meet their daily needs and that they were considered superior
to traditional biomass energy sources. When all of the above data are summed up, a biogas unit can
save up to 5150 PKR every month, proving that biogas systems are economically viable. A methane
digester with a 10 m3 capacity saved 7672 PKR per month and 92,062 PKR per year, according to
another source. The overall cost of 5 m3 is 35,000 PKR, resulting in a gas output cost of only 7000
PKR per cubic meter [27]. It is common knowledge that the cost of a biogas plant may be decreased
only if the plant and the gas produced are utilized effectively. According to a study titled "Optimal
biogas plant size daily biogas consumption pattern & traditional fuel saving,” In Nepal, the entire
amount of dung collected from yards is not fed to the biogas digester, with only 4.77 kg of dung/cubic
meter of digester fed in the hills and Terai regions, respectively [28]. Among the indirect benefits, a
large reduction in diseases was observed; a study on the subject was undertaken in Nepal, and the
results showed a considerable decrease in infirmities and sources of energy, as shown in Figure. 1
[29]. Women's opportunity cost with conventional fuels was 47.09 percent of household income,
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according to a study on household biogas models in Panam, Tibet, and China. Biogas units increased
household income and reduced women's potential costs.
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Figure 1. Renewable energy source

3. Biofuels from lignocellulosic biomass
3.1. Biofuels

Biofuel is the world's most abundant biofuel, and it's being studied as a replacement for gasoline and
other transportation fuels. Ethanol is an important precursor as well as an efficient organic solvent
for the manufacture of a variety of valuable chemicals and composites[30]. Starch and sugar-derived
molecules were used to make commercially manufactured first-generation (1G) ethanol (sugarcane,
corn). The worldwide society was hostile to this technology due to ethical concerns regarding the
conflict of food vs. fuel utility and the encroachment of vast farmlands for cultivating food crops as
the primary feedstock for fuel generation[31]. The synthesis of biofuel from lignocellulose feedstock
is referred to as second-generation (2G) bioethanol because of its clean combustion properties, low
carbon output, minimal toxicity, and volatility. The use of 2G ethanol has the potential to reduce
reliance on fossil fuels and greenhouse gas (GHG) emissions while also providing good
environmental benefits[32]. Even though 2G ethanol production is still in its early stages, well-
known businesses including DuPont, GranBio, Poet-DSM, Razen, and Abengoa have invested in
commercial units. Bioethanol synthesis can also be done via thermochemical and biological
processes. In both procedures, the refractory lignin moiety is reduced to simple fragmented
intermediate molecules, which are then converted to ethanol. The Fischer-Tropsch catalytic process
is used to produce syngas (CO and H2) and convert it to ethanol, hydrocarbon fuels, butanol, and
green diesel. Enzymatic hydrolysis (using Clostridium sp.) can also be used to create bioethanol
from syngas fermentation[33]. Hydrolysis of lignocellulose components into monosaccharide
(sugar) units can be aided by cellulase and hemicellulase enzymes, which can then be fermented
using yeast and bacteria to produce ethanol. However, the complexity and high cost of pretreatment
technologies, as well as the economic and technological feasibility of the biomass conversion
process, are two of the most critical issues in bioethanol production[34].

3.2. Biochemicals made from lignocellulosic biomass

Enzymatic or acidic hydrolysis is used to depolymerize the carbohydrates (polysaccharides) found
in cellulose and hemicellulose components in lignocellulose into monosaccharide sugar units (such
as glucose and fructose) and soluble intermediates in the current scenario[35]. The obtained sugar
components are derivatized into a variety of value-added organic chemicals, such as 5-
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hydroxymethylfurfural (HMF), furfural, levulinic acid (LA), and 2,5-furan dicarboxylic acid
(FDCA), -valerolactone (GVL), 2,5-dimethylfuran (DMF), diols, ethanol, and liquid alkanes,
through selective synthesis processes. This section focused on advanced reaction systems and
selective catalytic approaches for the synthesis of value-added compounds like HMF, LA, and
FDCA, as well as recent developments and hurdles in converting lignocellulosic biomass into value-
added biochemicals [36].

4. High-value bioproducts can be made from lignocellulosic materials

Biofuels and low-molecular organic molecules such as ethanol, methanol, acetic acid, formic acid,
5-hydroxymethyl furfural, and other derivatives are made from the carbohydrate parts of
lignocellulose, cellulose, and hemicellulose. The refractory lignin macromolecular component is
used to make synthetic aromatic polymers like polyimide, resins, thermoplastics, and composite
films. As a result, the cascade utilization of biomass, which involves various pretreatment procedures
followed by a separation process of the individual biomass component, is an effective approach for
greener technology to systematically produce diverse bioproducts, as opposed to other inefficient
thermochemical and biochemical methods[37]. Among the various pretreatment procedures,
supercritical fluids (CO2, H20, and ethanol), ultrasonic irradiation, electromagnetic field
perturbation, hydrodynamic cavitation, and ionic liquid (IL) pretreatment protocols have been
identified as the most effective for dissolving and hydrolysis of biomass components.
Lignocellulosic biomass, such as corn and wheat straw, is used to create high-value bioproducts.
Biomaterials made from lignin Vanillin, guaiacol, bioethanol, carbon-based nanomaterials,
bioplastics, color dispersants, and aerogels are just a few of the important bioproducts made from
lignin. Furthermore, lignin is a viable carbon precursor for manufacturing plentiful carbon due to its
low cost, abundance, renewability, and substantial source of high-quality carbon. Aqueous
nanomaterials include carbon nanotubes (CNTSs), fullerenes, graphene, and graphene quantum dots
(GQDs), as well as other carbon-based materials such as porous, hard activated carbon, biochar
pellets, and nanocomposites. Carbon compounds are in significant demand in the energy sector,
where they are employed in photocatalysts, supercapacitors, and lithium-ion batteries as low-cost
energy storage materials [38]. Colors are important coloring reagents that can be found in a wide
range of household and commercial items, including paper, plastic, textiles, rubber, and leather.
Some of the colors accessible are direct, vat, reactive, dispersion sulfur, acidic, basic, and solvent
dyes. Dye dispersants are an important aspect of the dyeing process since these colors are difficult
to spread consistently in water without the assistance of dispersing ingredients [39]. Lignin-derived
dye dispersants have sparked a lot of attention due to their unique qualities of high adsorption, high
dispersive ability, excellent thermal stability, environmental friendliness, and durability. The main
sources of these color dispersants are sodium lignosulfonate (NaSL), naphthalene sulfonate
formaldehyde (NSFC), hydroxypropyl sulfonated alkaline lignin (HSAL), and alkali lignin. Because
of the presence of multiple reactive functional groups such as aliphatic, hydroxyl, carbonyl,
carboxyl, and methoxy moieties, as well as feasible glass transition temperatures (Tg; 90- 170C) and
thermoplastic quality, lignin-derived bioplastics such as use-and-throw carry bags and recyclable
plastic items have recently gotten a lot of attention[40].

To avoid the creation of non-biodegradable polymers and environmental contamination, these are
seen as a cost-effective and long-lasting alternative to petroleum-based polymer plastics. Aerogels
are a form of sophisticated solid-state material with unique physicochemical properties, including as
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open mesoporous framework structures with 99.9% ultra-porosities, a high surface-volume (internal
voids), or mass ratio, massive pore volumes, and extremely low density [41].

4.1. Lignocellulosic Biomass Composition

The woody biomass is divided into two categories: hardwood and softwood. Lignin concentration is
higher in softwood (26-34 percent) than hardwood (23-30 percent). As a result, the chemical
structures differ, with softwood lignin-containing guaiacyl units and hardwood lignin-containing
guaiacyl and syringyl units. The content of each component varies with the type of biomass[42].
Typical lignocellulosic biomass comprises roughly 40-50 wt. percent cellulose, 20—-40 wt. percent
hemicellulose, and 10-40 wt. percent lignin. The percentage contents of the main components of
lignocellulosic biomass in softwood and hardwood are shown in the graph.

Figure 2. Percentage contents of key constituents of biomass into a wood cell. (a) Softwood (b) Hardwood [43].

5. Materials made from lignocellulosic biomass

5.1. Lignocellulosic material is readily available

Raw material prices are also highly volatile, which has a significant impact on bioethanol production
costs. Lignocellulosic materials are a low-cost, plentiful feedstock for manufacturing bioethanol
from renewable resources. The US Department of Energy invested nearly $1 billion in
lignocellulosic bioethanol companies in 2007, to lower the price of the fuel to $1.33 per gallon by
2012. Even while the EU makes a smaller contribution, it is still significant [44]. Depending on the
type of resource, lignocellulosic materials are referred to as forest residues, urban solid waste, waste
paper, and crop leftovers. Several research on the exploitation of rice straw and other lignocellulosic
wastes, stover (corn stover) [45], switchgrass, palm bagasse, and other wastes have been accepted
for publication in peer-reviewed journals. The annual production of bioethanol from lignocelluloses
could reach 442 billion liters. Rice straw has one of the highest levels of lignocellulosic waste on the
planet. Africa produces 20.9 million tonnes per year, compared to 667.6 million tonnes in Asia, 3.9
million tonnes in Europe, 37.2 million tonnes in America, and 731 million tonnes in Oceania (1.7
million tons). Rice straw will produce the highest bioethanol of any biomass feedstock, with 205
billion liters produced per year[46]. This method is also known as saccharification. The final product
is glucose, a six-carbon sugar. Hemicellulose is a branching polymer composed of sugars with five
(pentoses) and six (hexoses) carbon atoms that accounts for 20-40% of total dry matter in feedstocks.
Sugars with five carbons, such as xylose and arabinose, as well as galactose and glucose, and
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mannose, make up hemicellulose (six-carbon sugars). Hemicellulose is easier to hydrolyze than
cellulose because of its branching, amorphous shape. The most common sugars in hemicelluloses
are mannose in softwoods and xylose in hardwoods and agriculture wastes [47].
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Figure 3. Various applications of extracted lignin and lignin-derived (nano)materials

5.2. Drivers and significance of biofuels

Due to the depletion of oil reserves and rising energy consumption, Pakistan is experiencing an
energy crisis. As a result, new energy sources are required. Due to some of its unique gualities,
bioenergy from biomass has become a reality in many nations throughout the world (Table 4) to
meet the increasing demand for energy [48].

Emissions of greenhouse gases are being reduced

A freely accessible source that can be used in a variety of ways
increasing rural economic diversification

Energy reliability and security

Reduce the rate at which land erosion occurs.

Table 3. Biomass total supply of primary energy (TPES) in various countries, 2016

Types of raw | (TPES per capita) | (TPES per GDP) | Like raw biomass

Sr.no Country material (EJ) (GJ) (MJJs) share inPES (%)
1. Brazil 4.07 16.89 2.99 28.30

2, Indonesia 2.31 8.24 6.33 24.44

3. China 8.39 7.81 6.05 16.99

4. Pakistan 1.26 6.96 8.92 5.59

5. USA 5.11 13.11 0.27 3452

6. India 8.41 6.72 5.78 22.46

5.3. For Pakistan's economy, bioenergy has many advantages over fossil fuels

Environmental problems have emerged as a result of urbanization and improvements in the
manufacturing sector and processes. VOCs cause the release of harmful greenhouse gases (GHGs),
causing serious environmental issues. Petroleum products are a significant source of energy and the
main mode of transportation in almost every industry [49]. For long-term growth to be feasible, these
issues must be addressed on a long-term basis. Renewable energy is proving to be a viable and
dependable solution to environmental concerns in this regard. Bioenergy extracted from biomass
has gotten a lot of coverage in recent years. Bioenergy has a slew of environmental advantages, as
mentioned below[50];

e GHG pollution reduction
o Power that is renewable or biodegradable
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Providing both economic growth and work prospects
Cost-effective and widely available

Reduce the volume of waste in landfills

Energy efficiency and dependability

Reduce the use of fossil fuels

It can be used to make a variety of items (i.e. ethanol)

5.4. In Pakistan, bioenergy is being exploited

In the future, biomass would be a major source of renewable energy. Many obstacles must be
overcome to achieve long-term bioenergy development[51]. Several aspects of biomass used for bio-
energy production need special attention due to its complexities.

5.5. Biomass & bioenergy

Bioenergy is a renewable energy source derived from organic materials (biomass) derived from
living or recently living animals (not fossils). The biologically generated material is composed of
carbon, oxygen, and hydrogen, as well as chemical energy that may be turned into thermal,
mechanical, and electrical energy. As either a result, the term "bioenergy" refers to all forms of
energy derived from biomass. Bioenergy fuel can be made from plant materials such as wood,
grasslands, crops, grains, fruits, vegetable oils, agricultural waste, forestry residues, and algae-
derived biomass; animal materials such as animal fats, animal waste, blood, and milk; and human
waste such as municipal solid waste, industrial waste, food processing waste, and sewage. The total
guantity of carbon in all biomass on the planet is estimated to be around 550 billion tonnes, with
terrestrial vegetation outnumbering marine biomass by two orders of magnitude [52].

5.6. Bioenergy potential of municipal solid waste (MSW) in Pakistan

Pakistan, being a densely populated country, has huge MSW generating potential, which we
calculated for the top ten cities in the country. With a calorific value of 6.89 MJ/kg, MSW is a
mixture of organic and inorganic components [53]. In Pakistan, MSW contains a high percentage of
organic components (up to 64%) and produces 97-114 m-3 biogas per tonne of MSW [54]. We used
a collection rate of 55%, a 50% organic component, and an MSW biogas production rate of 100
m3/tonne. In 10 main cities in Pakistan, we calculated a total quantity of 20,478 tonnes of MSW per
day, of which 5631 tonnes per day is the natural component of MSW that can be used for bioenergy
generation. This amount of MSW has a 449 MW electricity generating capacity and can provide
roughly 11 GWh per day to the grid (4000 GWh yearly). It has a biogas potential of 0.56 million
m3/day (205 million m3/year) [57].

Eio 72 Bio echans | Eiedimel pDems. biad el £ Heatiine Biogas
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Figure 4. Steps involved in conversion of bioenergy from biomass

6. Conclusion

In this paper, The researchers were inspired by the abundance of lignocellulosic trash to employ this
low-cost source for biofuels. This is much less expensive to purchase and operate. We researched
and extracted lignin from biomass, then used pyrolysis at high temperatures in the absence of oxygen
to degrade the lignin substance into biochar. The effects of pyrolysis kinetic parameters, as well as
factors affecting pyrolysis parameters like heating rate, temperature, particle size, and moisture
content, on the pyrolysis process and product quality, were investigated. Knowledge gaps were also
identified, as well as potential future study directions. Till the recent past, energy demand is
increasing due to population growth in Pakistan. There are available biofuels energy systems that
can be utilized as a feasible resource. As an agricultural-based country, this resource emerges as less
expensive due to low running costs. There is an organization that tends to this renewable energy
technology and there is exigency of government policy to deploy this potent technology at farmer’s
doorstep. In this regard, there can also be developed techniques such as hydrolysis, acid treatment to
bring high process intensification of lignin-based biomaterial. These methods may generate
bioethanol, which is a transportation fuel used primarily as a gasoline additive in tropical latitudes
and traded internationally. The present research delineates the paramount strategy to deploy biofuels
reactor systems to encounter an energy crisis.
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