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 Abstract: Lignin is a significant renewable natural energy resource these days, used as 
an environmentally acceptable and sustainable alternative fossil fuel feedstock in a huge 
possibility of value-added products. Lignin is a polymeric molecule that possesses an 
aromatic unit structure, together with cellulose, and is a main component of the cell walls 
of plants. It is the byproduct of agriculture residues and biorefinery products and can be 
extracted from paper-pulp industries. Properties of lignin may differ depending on the 
extraction method and source and also on an aromatic ring as the main constituent of 
lignin in the structure. This rare composition of lignin makes it more valuable, allowing 
for value-added applications such as in the field of storage devices and energy harvesters. 
This review focuses on derivatives of lignin, structure and composition sources and 
characteristics, and its sustainable emerging application in various fields are discussed. 

Keywords: lignin-biopolymer; biofuel; renewable energy; sensors 

 
■ INTRODUCTION 

Utilization of alternate energy sources, such as 
renewable energy, is the best way out due to the world’s 
increasing energy demand. Renewable energy sources are 
divided into many categories. However, biomass is the 
always widely available source of renewable energy 
worldwide [1]. The biorefinery techniques that convert 
indigestible biomass into biofuel must be upgraded to 
flourish sustainably. In this line of research, lignocellulose 
biomass, composed of lignin, hemicellulose, and cellulose, 
is a promising context for the production of biofuel [2]. 

Lignocellulosic biomass is a commonly available, 
indigestible biomass resource that will be renewed 
globally in considerable quantity every year. However, the 
maximum of the biorefinery processes at present 
concentrates on the utilization of cellulose material 
(carbohydrate fractions), leaving lignin, which is the 
subsequent most profuse terrestrial polymer, 
underutilized. Therefore, resourceful valorization and 
utilization of lignin in biofuel as a value-added product is 
mandatory for the industry scale [3]. Lignocellulosic 
biomass is found in the range of 45% by energy and 15–

30% by dry weight as the only large-volume renewable 
bioresource. 

Lignin has greater density, which makes it a 
promising candidate for biofuel and aromatic 
production, for example phenol, benzene, and toluene 
[4]. Only some of the efforts can be profitable 
commercially due to the low yield and quality of the final 
product, even though thorough studies have focused on 
the conversion of lignin into value-added products, 
mainly complexity and obstinacy in the lignin’s 
structure attributed to the difficulties in the vaporization 
process of lignin and degradation of lignin fraction with 
many condensation reactions. In addition, the desired 
products of lignin are associated with several problems, 
such as fractionation, characterization of lignin 
derivatives, product upgrading, and depolymerization. 
A good fractionation method must be needed for the 
attainment of high purity and yield of lignin. The final 
structure of lignin and its isolation efficiency can be 
affected by different factors, which include resources of 
biomass and method of fractionation [5]. The 
characterization is quite difficult for native lignin due to 
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its heterogeneous and irregular structure. Meanwhile, due 
to the high molecular weight of the lignin and for the 
transformation into fuel of chemical compounds, the 
depolymerization step is usually mandatory [6]. 
Henceforth, the direct production of lignin compounds is 
challenging due to its heterogeneous and irregular 
structure. To handle the complex nature of native lignin, 
advanced processes are needed. In recent years, to deal 
with this problem, extensive research has been done to use 
lignin in biorefinery or as biofuel. This article intends to 
give an instantaneous of recent research on the current 
applications of lignin to products having valuable 
efficiency. Challenges, prospects, and opportunities are 
also presented. 

■ DERIVATIVES OF LIGNIN 

Lignocellulosic material derivative from natural 
biomass comprises three elementary components: 
approximately 5–30% lignin, 35–50% cellulose, and 20–
35% hemicellulose by weight [7]. After cellulose, lignin is 
considered the second most abundant naturally occurring 
substance [8-10]. It is calculated that the total amount of 
20% biomass is lignin, though it depends on the 
extraction process [11]. Lignin derivatives can be used to 
get high-value-added products such as synthesis gas, 
phenolic compounds, oxidized products, various 
hydrocarbons, and biofuels [12]. Lignin quantifies as a 
unique natural resource due to its numerous properties 
such as biodegradability, structure integrity, 
antimicrobial and antioxidant behavior, abundance, 
enzymatic stability, resistance to UV/fire, 
hydrophobic/hydrophilic properties, which depend upon 
the lignin’s source [13]. In addition, as compared to 
cellulose and hemicellulose, lignin possesses excellent 
physiochemical properties, rheological behavior, and 
good compatibility [14-16]. Utilization of lignin at an 
industrial scale is still difficult, despite the said excellent 
properties primarily due to its delicate structure and 
chemical reactivity [17-19]. Lignin is classified into 
several categories depending mainly on its isolation 
method. The most general type of lignin is Kraft lignin, 
lignosulphonate lignin, soda lignin, organoslov lignin, 
isolated lignin, and degraded lignin [20]. 

■ STRUCTURE AND COMPOSITION OF LIGNIN 

Lignin is considered the second most abundant 
polymer in the group of lignocellulosic materials. Lignin 
is found in the cells of the plant, which can form the 
secondary cell wall. The major role of lignin is to provide 
a diffusion barrier in the plant’s roots and to provide 
mechanical strength. A complex heteropolymer lignin 
consists of three standard monomers: (i) p-coumarin 
(H), (ii) coniferyl (G), and (iii) sinapyl (S) monomers. 
Different degrees of methoxylation of the aromatic ring 
at the ortho, meta, and para positions, respectively, are 
given differently with all these monomers of lignin. In 
the biosynthesis of lignin, phenylalanine is found to be 
an important substrate. Mainly, the structure and 
composition of lignin depend upon (i) monomer 
accessibility and (ii) bond formation during the 
polymerization process. Also, the availability of 
monomer is responsible for the formation of condensed 
and no condensed bonds and reactive ends present in 
the lignin. In general, the synthesis procedure of lignin 
uses several enzymes and transporters. Phenol oxidases 
have been used for the determination of the composition 
of the polymer [21]. The monomer the native structure 
of the polymer is completely broken down into 
respective monomers during the compositional and 
structural analysis. For the compositional analysis of 
lignin, destructive methods like oxidation, and reduction, 
hydrolysis are employed. Several techniques have been 
utilized for the characterization of end products, such as 
proton-nuclear magnetic resonance spectroscopy (1H-
NMR), mass spectroscopy, and gas chromatography 
[22]. The solubilization and quantification of lignin at a 
specific absorbance value (280 nm) for acetyl bromide 
and thioglycolic acid are significantly used. The thermal 
gravimetric analysis (TGA) method has been used for 
the formation of benzyl–OH groups as thioesters in the 
lignin for the solubilization of lignin in an alkali. For the 
formation of acetyl derivatives in non-substituted –OH 
groups, the acetyl bromide (ACBR) method is used to 
complete the solubilization of lignin in acidic reactions. 
Klason lignin method, a gravimetric assay, has been used 
to quantify the amount of lignin. 
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NMR spectroscopy is another non-destructive 
technique for the analysis of lignin structure. The 
biosynthesized chemistry of lignin is identified by this 
analytical method. Pyrolysis molecular beam mass 
spectrometry (py-MBMS) is a fast characterization 
technique that deals with the heating of lignin samples at 
very high temperatures (500 °C) and in an inert 
atmosphere. In this way, the chemical structure of lignin 
is retained so that it is easy to analyze the complex 
molecular structure present in lignin. 

Characteristics and Sources of Lignin 

The approximate production of lignin annually 
occurs within a window of 5–36 × 108 tons, generated 
through photosynthesis. It is found in woody plants such 
as angiosperms and gymnosperms (about 15–40%), herbs 
(15%), and also in a very small amount in annual plants 
[23-24]. Lignin is chemically linked to several 
polysaccharides and is a major essential of cell walls in 
plants. For example, lignin is linked with hemicellulose 
via covalent bonds in the case of spruce wood, and a small 
part is attached to the cellulose. 

For the separation of lignin from a variety of 
biomass, mechanical disintegration is required which 
result from inhomogeneity at the macromolecular 
structure level and isolation of lignin may be achieved. 
Based on the current knowledge of lignin structure, 
comprehensive milling of the material and solvent 
extraction with the help of dioxane followed by 
purification will give a low reasonable yield with some 
chances of carbohydrate impurities [25-26]. 

There are more voids in computing a precise 
understanding of the macromolecular and structural 
characteristics of the product due to insufficient 
information being present regarding the fundamental 
analysis and characterization of lignin. Many 
advancements have been made in modern analytical 
techniques, which help in elucidating the other types of 
lignin, like native lignin, and changes in the structure of 
lignin during kraft pulping, organosolv, and sulfite 
pulping. It has been reported that the content of sulfur in 
lignosulphonates is around 4–8% [27]. Generally, sulfur 
exists in the form of sulphonate in lignin; thus, they show 

their solubility characteristics in water and organic 
solvents. The molecular weight, processing, and purity 
of lignosulphonates mainly depend upon the quantity of 
other functional groups in lignosulphonates, such as 
aromatic hydroxyl, aliphatic hydroxyl, and carbonyl. 

Biofuel Conversion of Lignin 

Lignocellulosic biomass is a potential candidate to 
be a valuable resource for the manufacture of biofuels. 
However, the presence of lignin hindered the conversion 
of biomass into useful products [28]. Lignin is a complex 
polymer that is difficult to degrade; it needs to be 
modified and pre-treated before it can be used for the 
production of biofuel production. For the improvement 
in the biofuel conversion from lignocellulosic biomass, 
modification and pre-treatment is mandatory. The 
digestibility of lignocellulosic biomass by breaking down 
the complex polymeric structure of lignin, thus allowing 
the release of valuable compounds by the pre-treatment 
procedure of lignin [29]. 

The treatment of lignin involves the use of acids 
and bases to break down the structure of lignin; 
enzymatic, alkaline, and acidic hydrolysis techniques are 
used. Enzymatic hydrolysis involves the use of enzymes 
for the degradation of lignin [30]. For the conversion of 
lignocellulosic biomass into useful products, pre-
treatment can have a significant impact on the 
economics of biofuel production and is also helpful for 
improving the efficiency of biofuel. The cost of pre-
treatment is directly related to the amount of 
lignocellulosic biomass that needs to be converted. 
Additionally, to maximize the biofuel production from 
lignocellulosic biomass, it is necessary to understand the 
different strategies of pre-treatment and, eventually 
their impact on biofuel conversion [31]. Lignocellulosic 
biomass could pave the pathway for emerging 
applications in energy storage devices, water treatment, 
and hydrogels in drug delivery. Fig. 1 presents the steps 
to treat lignocellulose biomass to produce new materials 
for any purpose. 

■ EMERGING APPLICATIONS OF LIGNIN 

Prospective applications and research on advanced 
lignin  material have been  under study for  decades. The  



Indones. J. Chem., 2024, 24 (1), 303 - 314    

 

Tanu Mittal et al. 
 

306 

 
Fig 1. Renewable energy source applications of lignin 

 

 
Fig 2. Recent advances and emerging applications of lignin 

possible use of lignin as a high-value product has been 
reported by many researchers [32-34]. Different methods 
have been intensive on the depolymerization and 
synthesis of chemically active sites, functionalization of 
hydroxyl groups, and production of copolymers that were 

grafted with lignin. Some novel applications of lignin, 
such as oxidized products, carbon fibers, and phenol, 
have been reported in many studies [35-37]. In addition, 
lignin has been used in many emerging applications 
such as biomedical engineering, tissue engineering, 
energy storage devices, nanocomposites, heavy metal 
ion detectors, and drug delivery. Extensive research work 
could pave the path underway to derive more valued 
lignin products and competent progressions of lignin in 
various fields Fig. 2. However, the applications of lignin 
have not been reached at an industrial scale due to its 
restricted use and an inadequate number of low-value 
uses. In this chapter, the major highlights are the 
application of advanced biopolymer lignin in the energy 
sector as a biofuel. 

Energy Sector 

Lignin biopolymer is a promising and 
environmentally friendly candidate in the sector of 
energy and storage. Lignin helps increase the efficiency 
of energy storage devices and also in the context of 
environmental sustainability and cost-effectiveness. It 
has been reported that lignin could be used as an 
additive in lead-acid batteries in the form of a negative 
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paste to increase its efficiency and durability in various 
charge and discharge cycles and cycle life [38]. In the 
recent studies, lignin has been proposed as a potential 
component used in environmentally safe capacitors and 
supercapacitors. Also, lignin phenol has been used as 
conducting polymers for fuel cells and solar cells. In 
conventional lithium batteries, a lithium-based anode has 
been used, which contains inorganic compounds, an 
electrolyte that is non-renewable, toxic, and costly. Klason 
lignin has been studied for the development of low-cost 
cathode active material extracted from the buck-wheat 
husk and sunflower husk termed [39-41]. 

The 3D hierarchical porous carbon, carbon 
nanofibers, and fiber mats have been prepared using 
lignin as a raw material to reduce the manufacturing time 
and cost of lithium-ion batteries. Superconductors have 
many advantages and have received much attention over 
batteries, such as fast charge/discharge capability, high 
power density, and durability. Superconductors made by 
lignin have drawn much attention because activated 
carbon derived from renewable and abundant sources can 
be obtained by green and sustainable processes and at low 
cost [42]. Lignin has been used to improve alternative 
photosensitizers of polymer solar cells and dye-sensitized 
solar cells. 

Lignin as Binder 

In the pigment printing industry, water-soluble 
lignin is particularly used as a binder. A commonly used 
form of lignin as a lignin sulfate has been used as a binder 
in ceramics and coal briquettes. Particle boards and 
plywood (mineral dust and wood material) have been 
used for briquette formation [43-46]. Particularly in 
lithium-ion batteries, lignin-derived binders are used as a 
silicon anode and for next-generation devices. Lignin has 
changed its volume during the extraction procedure; this 
is considered as a primary challenge for using lignin as a 
binder. Consequently, specific attention has been 
specified to the lignin improvement as a binder. 

Lignin in Cementitious Material 

In several studies, the economical use of lignin in 
cement material has been reported widely. To get a high-
yield and high-performance concrete, a low level of lignin 

and modified lignin has been used. Lignin-based cement 
material improves strength and ease of grinding. 
Additionally, lignin can be used as a binder selectively 
for the improvement in the compressive strength of 
cement material. The sulfonation process of lignin helps 
to attach sulfate groups to lignin due to the high value of 
zeta potential, which makes lignin a good dispersant in 
the matrix of cement. A high charge value of zeta 
potential caused the electrostatic repulsion in between 
the cement particles and increased its property [47]. 

Lignin-Based Smart Materials for Sensing 
Applications 

A biosensor is an analytical device that consists of 
a bio-receptor that identifies and communicates with the 
analyte to give off a biological signal. In biosensors, the 
encapsulation of the biological component can either be 
done utilizing a semipermeable barrier, such as a dialysis 
membrane or a hydrogel, or a 3D polymer matrix. 
Biosensors can be classified into electrochemical, 
optical, thermal, and piezoelectric biosensors, 
depending on the transducer. Lignin exhibits strong 
compatibility with carbon-based materials and effective 
adsorption onto sp2-hybridized carbon surfaces due to 
the abundance of aromatic subunits. Lignin is also 
capable of acting as a stabilizing agent for nanoparticles, 
including silver. In combination with its biocompatible 
property, lignin presents itself as a suitable material for 
bio-sensing and bio-imaging.  

Biosensors can provide cost-effective, easy-to-use, 
sensitive, and highly accurate detection devices in a 
variety of research and commercial applications. Several 
types of lignin materials help sense different fields of 
application. A lignin/peptide-based gold electrode is 
used to detect antibodies and is called an immune sensor 
[48]. The amount of glucose is detected by biocatalytic 
sensors based on a silica/lignin hybrid electrode or 
magnetite/lignin hybrid electrode [49-51]. Chemical 
sensors are widely used in many applications based on a 
variety of lignin materials such as lignin-based carbon 
quantum dots (LCQDs) for metal-ion detection, lignin-
based polymeric composite for the detection of 
chromate ions, lignin nanoparticles for the detection of 
formaldehyde, and lignin-porphyrin polymer for heavy 
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metal-ion detection [52-55]. Biosensors are of great 
interest for bioimaging and biological labeling. 

Commercialized Lignin-Driven Products with 
Environmental Benefits 

In the twenty-first century, climate change is one of 
the biggest environmental concerns. Over the past 
centuries, countries around the world have been 
endorsing programs and policies to encourage a shift 
from non-renewable fossil fuels to renewable energy 
sources and industry. Lignin-derived products could play 
an important role in renewable energy sources producing 
heat, electricity, and fuel [56]. Lignin has reduced the 
dependency on fossil fuel as an energy resource for the on-
site combustion of biorefinery. Combustion of lignin in 
cellulosic ethanol can reduce the lifecycle of biorefinery. 
However, in this approach, lignin releases carbon content 
into the atmosphere, so it may not be the most sustainable 
use of lignin in the long-term use [57]. The advancement 
of lignin byproduct in higher value chemicals will 
additionally improve the overall environmental effect on 
biorefineries with higher profit facilities. Likewise, syn gas 
production by gasification and the production of bio-oil 
by pyrolysis of lignin reduces greenhouse and toxic gas 
emissions in comparison with petroleum-based products 
[58]. In addition, the implementation of lignin-derived 
carbon fiber in automobile industries and potentially 
replacement fuel in transportation can reduce the weight 
of vehicles and will improve fuel economy, thus lowering 
the transportation sector's carbon footprint. 

Lignin-Based Hydrogels 

Cross-linked hydrophilic polymers whose intrinsic 
ability exhibits the ability to adsorb water up to a thousand 
times their dry weights are called hydrogels. Hydrogel 
exhibits characteristics in different fields, such as 
adsorption, drug delivery, tissue engineering, and provides 
promising options and applications [59]. Even though 
hydrogels have been used commercially, hydrogels are 
mainly prepared from petroleum-based chemicals such as 
polyvinyl pyrrolidones, acrylic acid, and polyvinyl alcohol 
commercially. Nowadays, hydrogels are being prepared 
using bio-based materials, lignin, and other renewable 
bio-based  materials,  which  include chitosan,  starch, and  

pectin cellulose [60-62]. 

Lignin-Based Porous Carbon Material for 
Adsorption of Water Pollutants 

In recent times, porous carbon made of lignin as an 
adsorbent has received much attention in wastewater 
treatment from pollutants [63]. The characteristic 
mechanism involved in the adsorption process is pore 
filling, hydrogen bonding, hydrophobic, and 
electrostatic interactions [64]. Porous carbon derived 
from lignosulphonate comprises substantial acidic 
surface sites and achieves considerable efficiency for the 
removal of metal ions and is thus the best promising tool 
for water treatment [65]. Studies on chemical 
modification of porous carbon promote anion 
adsorption have been reported lately. Lignin-based 
biochar functionalized with MgO by using the 
hydrothermal carbonization method has high pollutant 
removal efficiency and high adsorption capacity at very 
low concentrations (2 mg P/L) [66]. 

Lignin Base Porous Carbon 

In the adsorption of contaminants from 
wastewater, catalytic degradation of pollutants using 
porous carbon materials gives promising opportunities 
and applications. Lignin-based carbon has been used as 
a supporting platform for catalytic deposition. With the 
help of a catalytic process, highly toxic metal ions could 
be reduced to less toxic metal ions such as Cr(VI) and 
reduced to Cr(III). This method has been considered a 
simple and cost-effective method for the reduction of 
toxic metal ions [67]. Magnetic porous carbon with the 
doping of nitrogen was synthesized from black lignin 
liquor [68]. The results revealed that for the adsorption 
and removal of Cr(VI) - 130.5 mg/g due to the presence 
of a high number of nitrogen-containing functional 
groups, this nitrogen-doped lignin has a high adsorption 
capacity. In addition, it could be easily separated under 
the external magnetic field. Lignin and red mud co-
pyrolysis have also been employed as functionalized 
porous biochar. This combination of lignin red mud 
composite possesses more capabilities for adsorbing 
Cr(IV), and the reduction removal efficiency has been 
achieved by up to 70% [69]. Metal oxide semiconductors 
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such as ZnO and TiO2 are mostly considered the 
conventional photocatalysts for the water treatment and 
degradation of water pollutants. However, improvements 
are still required in current photocatalytic systems due to 
their low quantum efficiency and high rate of charge 
carrier recombination [70]. Fascinatingly, due to the 
presence of a large number of sp2 hybridized carbon 
atoms, porous carbon possesses superior mobility and 
electron conductivity. In addition, the range of optical 
absorption will extend due to the interface electronic 
interaction between photocatalyst and carbon-based 
material. Consequently, porous carbon, which is based on 
lignin and its composites with semiconductor metal 
oxides, can act as an electron transfer platform for the 
enhancement of catalytic performance. Alkali lignin-
based porous carbon, such as porous carbon-ZnO hybrid 
composite, has been used for the degradation of an 
anionic dye such as methyl orange as well as cationic dye 
such as rhodamine B. 

■ CHALLENGES AND PERSPECTIVES ON 
LIGNIN VALORIZATION 

Challenges 

Tremendous effort has been put into unlocking the 
potential of lignin for the production of value-added 
products; lignin utilization faces several challenges, even 
though considerable progress has been made in the field 
of lignin valorization and utilization. The basic structure 
of lignin has been investigated, even though it remains 
unclear. Isolation of lignin from analytical methods is the 
major challenge associated with its extraction. Isolation 
and purification procedures cause modification in the 
molecular structure of lignin, and thus, it is a challenge to 
determine the basic structure of lignin. To obtain a high 
concentration yield of lignin, less condensation and low-
temperature conditions are required in the conversion 
procedure. 

In the paper and pulp industry, traditional 
extraction methods have been employed for the 
extraction of lignin. In these methods, lignin possesses 
more impurities and a highly condensed structure, which 
is responsible for the further conversion reactions of 
lignin. Nowadays, biorefineries focus on the carbohydrate 

conversion process, which results from an alteration in 
the structure of technical lignin. Some procedures have 
been investigated and developed for the isolation of 
lignin with a basic structure. It is believed that lignin 
extracted from the dioxane/water process is known as 
Bjorkman lignin; it signifies an example of pure lignin. 
However, the energy consumption is high, and the yield 
of lignin is low < 30%. However, in the cellulosic enzyme 
hydrolysis method, the purity of extracted lignin is very 
low, but the yield could be relatively high. In lignin, 
hydrodeoxygenation conversion negative on 
carbohydrate impurities has a significant negative effect. 

Continuous efforts have been made on the pre-
treatment of biomass for efficient fractionate 
lignocellulosic biomass to lignin. Considerable 
challenges, such as the heterogeneous structure of lignin, 
affect the selective conversion of lignin. Different types 
of lignin structure are also depending upon the pre-
treatment methods and different feedstock. Also, 
selective depolymerization of lignin is hindered by C–O 
and C–C linkages with wide dissociation energy. In 
addition, another difficulty in the selective conversion of 
lignin and its impact on the reactivity of lignin is the 
presence of different functional groups such as phenolic 
hydroxyl group, methoxy group, and terminal 
aldehydes. High molecular weight and amorphous 
structure are other difficulties associated with lignin, 
which is responsible for the limited solubility of lignin in 
common solvents at ambient temperature conditions. 
Lignin intermediate is prone to side reactions due to a 
high degradation rate, making it difficult in the high 
yield production of lignin in desired products. Besides, 
extensive research has been reported in this area, but so 
far, for the determination of lignin structure and 
theoretical conversion of technical lignin in high yield, 
no method has been reported to date. 

Prospects and Opportunities 

Lignin could be used as a renewable energy 
feedstock in biorefineries for fuel production. Due to its 
intrinsic aromatic structure and its high energy density, 
lignin has been used as a functional material and value-
added chemical. The article gives a summary of the 
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major applications of lignin. In thermal power plants for 
power production, lignin has been used and burned 
directly. To increase the affordability of biorefineries and 
to achieve renewable energy goals, advanced lignin fuel is 
a promising candidate. The use of chemicals such as 
xylene, benzene, phenols, and toluene is the topmost 
challenge in the application of lignin. Meanwhile, lignin is 
a biopolymer based on phenol in the process of 
petrochemical as a macromolecule. Lignin has also been 
used as a promising candidate to produce value-added 
material of lignin, including activated carbon, carbon 
fiber, and composite materials [71]. This value-added 
material has been extensively used in the field of energy 
storage, pollutant removal, and catalysis. The selective 
conversion of lignin is an effective catalyst for the 
fulfillment of value-added products with high efficacy 
rates. Extraction of lignin monomer with the help of acid 
or base is futile for the reason of the production of 
intermediates, which are prone to degrade the 
condensation and depolymerization reaction. The 
methods involved could be used to overcome this issue by 
the use of trapping agents such as phenol, boric acid, and 
2-naphthol diols for the stabilization of reactive species 
and reduction in char formation. Suitable solvents such as 
formic acid and alcohol can also improve the yield of the 
product and act as a hydrogen donating agent to give 
better solubility of lignin. Another wide attempt approach 
for more active catalysts, bimetallic and bifunctional 
allows conversion of lignin and degradation under mild 
temperature. Moreover, the multi-phase reaction is also 
beneficial for the production of lignin monomers. 
Generally, several factors, such as catalysts, solvents, and 
multi-phase reaction systems, are reasons for the 
successful conversion of lignin biomass into value-added 
products and should be addressed. 

■ CONCLUSION 

Lignin biopolymer is an abundant resource on earth 
in the form of biomass, and it is also found as a coproduct 
of biorefineries. Lignin derived from biomass could be 
applied for better environmental applications and high 
profit in industries. Sustainable products of lignin 
obtained by the valorization technique have been 

discussed. Many research efforts have been done in 
developing processes that could produce value-added 
products of lignin. Lignin-derived products have shown 
the potential to significantly reduce the harmful impacts 
on the environment. For the industrial development of 
lignin-derived products, a continued investigation of 
cost-effective vaporization of lignin technologies is 
required. This review emphasized the current advances 
and applications of lignin-based advanced functional 
material, which includes porous material, lignin-based 
hydrogel porous carbon, and material. The applications 
of lignin in heat and energy, lignin as a binder and 
cementitious material, sensor, biosensor, and biomedical 
applications have also been reviewed and analyzed. 
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