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Abstract

Anionic surfactants are generally used in surfactant injections because they are 
good, resistant in storage and stable. Furthermore, Commercially, anions are pro-
duced in the form of carboxylates, sulfates, sulfonates, phosphates, or phosphonates. 
The surfactants used in the process of implementing Enhanced Oil Recovery (EOR) 
are generally petroleum-based, such as Petroleum Sulfonate. Therefore, an increase 
in oil price, leads to an increase in the price of surfactant and the operational costs 
becomes relatively expensive. Lignosulfonate is a type of anionic surfactant which is 
made with lignin as raw material. This lignin is found in many plants, including wood 
stalks, plant leaves, peanut shells, corn cobs, bagasse, empty bunches of oil palm 
and wheat straw. Based on the results of previous studies, 25% of lignin component 
was discovered in bagasse. This may be a consideration that there is enough lignin 
in bagasse to be used as raw material in the production of lignosulfonate vegetable 
surfactants. Furthermore, lignin from bagasse is used because bagasse is easy to 
obtain, cheap and an environmental friendly vegetable waste. Currently, bagasse 
is only used as fuel in steam boilers and papermaking, cement and brick reinforce-
ment, a source of animal feed, bioethanol, activated charcoal as adsorbent and 
compost fertilizer. This is a consideration to optimize the use of bagasse to become 
lignosulfonate as an alternative for surfactants in the petroleum sector. The purpose 
of this study is to show that lignin from bagasse has the potential of becoming a 
lignosulfonate surfactant. There are several studies that have processed bagasse into 
sodium lignosulfonate. The component test on the results showed that the surfactant 
component of sodium lignosulfonate from bagasse was almost the same as the com-
mercial standard lignosulfonate component. Furthermore, the results of the HLB 
(Hydrophilic–Lipophilic Balance) value test show that the sodium lignosulfonate sur-
factant from bagasse can function as an emulsion form which is a required parameter 
for the surfactant injection mechanism. Based on the discussion of the study results, 
bagasse has the potential as a raw material to be processed into lignosulfonates.
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1. Introduction

Indonesia is an agricultural country centered on the equatorial landscape where 
the longest, longest and most photosynthetic process occurs throughout the year. The 
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Figure 1. 
Sugarcane from plants to consumers.

initial product of photosynthesis is glucose which is synthesized from carbon dioxide 
(CO2) and water with the help of sunlight in chlorophyll. High rainfall guarantees 
water availability and the progress of the oxidation process. The process of decom-
position in tropical climates occurs at a fast rate so that there is enough CO2 in the 
air. With radiation for about 10 hours a day, Indonesia is one of the most productive 
regions in the world. As a large archipelago, Indonesia also has vast fertile land for the 
cultivation of sugar-producing crops. Sugar-producing plants that grow and develop 
well in the tropics include sugar cane, palms (palm, coconut), and beet plants [1].

Sugarcane is a plant used as a raw material in the production of sugar. It has high 
sweet content on the stem and holds many benefits behind its distinctive sweet 
taste which are not only in terms of health but from various terms, such as industry, 
household consumption, agriculture and livestock. This plant consists of a grass 
that has many types and varieties, ranging from yellow, red, e.t.c. [2]. Sugarcane 
harvest is not influenced by the season where the harvest is still satisfactory, which 
is during the transition season [3]. The stalks of sugarcane harvested from planta-
tions are trucked to the factory to be processed into sugar [4].

Sugarcane is a type of plant grown only in areas with tropical climates. In 
Indonesia, sugarcane plantations have an area around 400 to 500 hectares thousand 
hectares spread across Medan, Lampung, Solo, Tegal and Mojokerto [5]. Sugarcane 
as a raw material for the sugar industry is one of the plantation commodities that 
has a strategic role in the economy in Indonesia. With an area of approximately 
415.66 thousand hectares in 2018, the sugar cane industry is a source of income for 
thousands of sugarcane farmers and workers in the sugar industry [6]. Figure 1 
below shows the conditions of the sugarcane plantation until the sugarcane is ready 
for harvest. Sugarcane harvesting is carried out by cutting the sugarcane stalks by 
workers and then preparing the clean sugarcane stalks to be processed into sugar or 
sugarcane juice with a sweet taste [7].
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The main product of sugarcane is its extract which is used as the main ingredient 
in producing sugar. On a large scale, majority of sugar cane is used in the produc-
tion of white and brown sugar. Sugarcane that enters the factory must be sugarcane 
that is ripe or has high brix and pol and is clean from all types of impurities (roots, 
shoots, dry leaves) [8–10]. Manual fellers, the results are better than sugarcane har-
vesting machines. Logging covers all parts of the sugarcane. The shoots and leaves 
are discarded and only the sugarcane stalks are used because what contains sucrose is 
sugarcane stalks. The cleanliness of sugarcane from manure depends on the skills of 
felling personnel and the application of felling SOPs in the field. In addition, milled 
sugarcane must be fresh, fresh sugarcane is sugarcane that is milled for no more than 
48 hours [11, 12]. The distribution starts from sugarcane harvested from plantations 
[13, 14]. Sugarcane loaded onto trucks by humans and machines [15, 16]. And then 
transported to the sugar factory as shown in the following Figures 2 and 3 below.

In Figure 2, you can see the process of transporting sugarcane, starting from 
cutting down sugarcane stalks by workers, collecting sugarcane stalks by workers 
or using grab folders, to transporting them to trucks either by workers or using grab 
folders. After the sugarcane is loaded into the truck, it is taken to the sugar factory 
to be processed. The sugarcane that has arrived at the sugar factory will be poured 
into the mill as shown in Figure 3 below. The loading of sugarcane into the mill has 
used a system in such a way that the truck has been facilitated so that it can directly 
load the sugarcane mill [17, 18].

In Figure 3, there are no human workers who move sugarcane stalks to the 
sugar mill. Inside the factory, the sugarcane stalks harvested from plantations are 
processed into sugar by undergoing a five-time grinding process, after which it is 

Figure 2. 
Sugarcane transport to trucks.
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expelled as bagasse waste [19]. Sugarcane harvesting age from planting to ready 
harvest is 12 months. Sugarcane is harvested by cutting sugarcane stalks at the bot-
tom and top. Sugarcane of good quality for making sugar must be maintained during 
harvesting. The following figure shows the process that occurs in a sugar factory to 
produce sugar and remove the rest of the sugarcane process as bagasse [20–22].

After arriving at the factory, sugar cane is processed into white sugar or brown 
sugar with factory equipment as shown in Figure 4 below. The end result of this 
sugarcane process is the result of sugarcane waste/bagasse [23, 24].

In its production process, sugarcane produces 90% bagasse, 5% molasses and 
5% water [25]. The waste obtained from sugarcane during the process of producing 
sugar is known as bagasse which is used as fuel, material for paper pulp, organic 
fertilizer and animal feed. Not many industries have developed products made from 
bagasse. The panel board manufacturing industry and the bagasse fiber-reinforced 
asbestos-producing industry are the small industries that have started developing 
bagasse. Sugarcane is a plant used as a raw material in the production of sugar and 
Monosodium glutamate (MSG) [26–28].

A total of 32% bagasse is produced from the weight of milled sugarcane. It 
contains cellulose, lignin and hemicellulose compounds which are by-products of 
the sugarcane extraction process [29, 30]. As seen in the following Figure 5, from 
the observation of plant cell wall macrofibrils, there are three main components, 
namely lignin, cellulose and hemicellulose. In hemicellulose itself there are pentose 
and hexose [31–33].

Lignin, which mainly accumulates in plant stems, fills the space in the cell wall 
between cellulose, hemicellulose and pectin [34, 35]. This substance is present in all 
vascular plants but not in Bryophytes, which supports the idea that lignin’s original 
function is limited to water transport. Furthermore, as one of the main components 
in bagasse, lignin is a complex polymer with high molecular weight composed of 
phenylpropane units which are the main component of wood building blocks. 
Lignin content is more in softwood compared to hardwood [36–38].

With a ligno-cellulose content, a fiber length of 1.7 to 2 mm and a diameter 
of about 20 micros, bagasse may actually be used as a raw material in chemical, 
petroleum, paper, brake canvas and mushroom industries. Therefore, it is economi-
cally utilized not only as a source of fuel energy in steam boilers, but also as a raw 
material for papermaking or a source of animal feed. In general, in Indonesia, sugar 
factories use bagasse as fuel after it undergoes a drying process. Another consider-
ation used in selecting bagasse is because the sugarcane land is quite large, which 
is spread from Western to Eastern Indonesia, from North Sumatra, Palembang, 
Lampung, Java and Sulawesi, hence natural resources are readily available. This is 

Figure 3. 
Trucks deliver sugarcane to factories.
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also complemented by a plan of the local government to develop a sugar factory 
and sugarcane plantation. The development of sugarcane plantations supports the 
needs of the sugar industry, which in the making process will consequently produce 
a lot of waste. Each year, the amount of bagasse produced is quite abundant, easy 

Figure 4. 
The production process in a sugar factory.

Figure 5. 
Structure component of plant biomass [31].
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to obtain, and cheap. Based on data from the Indonesian Sugar Plantation Research 
Center (P3GI), bagasse is obtained by 32% of milled sugarcane weight or around 
10.2 million tons/year or per milled season throughout Indonesia [39, 40]. About 
50% of the bagasse produced in each sugar factory is used as boiler fuel and the rest 
is dumped as waste which has low economic value [41, 42].

2. Methodology

The study method starts from a review of the potentials contained in various 
sources in general. The lignin content was used to determine the use of bagasse as a 
surfactant raw material. Several other wastes that also contain lignin, cellulose and 
hemicellulose are seen in Table 1 below.

Sources of lignin in Table 1 are broad petioles, needle stalks, leaves, corn cobs, 
peanut shells, wheat straw, bagasse, oil palm empty bunches. From the source of 
lignin, the focus of research is bagasse, because bagasse is sugarcane waste. The 
focus of this research is only on the bagasse. In Table 1, it can be seen that bagasse 
is a type of waste containing 25% lignin, 25% hemicellulose and 50% cellulose. 
By processing the bagasse, it can be used as a solution for sugarcane solid waste. 
Another consideration for the decision to use bagasse is the chemical composition 
of bagasse. The chemical composition of bagasse consists of ash, lignin, cellulose, 
extract, pentose and SiO2. Its chemical composition is shown in Table 2 below.

Bagasse is a vegetable source that contains large amounts of lignin which is a 
byproduct of the sugarcane liquid extraction process. This extraction produces 
bagasse about 32% of milled sugarcane weight Based on chemical analysis, the 

Content Level (%)

Ash 3.82

Lignin 22.09

Cellulose 37.65

Extract 1.81

Pentosan 27.97

SiO2 3.01

Table 2. 
Chemical composition of bagasse [43].

No. Waste Cellulose (%) Hemicellulose (%) Lignin (%)

1. Broad leaf trunk41 40–55 24–40 18–25

2. Needle leaf trunk41 45–50 25–35 25–35

3. Leaf42 15–20 80–85 0

4. Corn cobs42 45 35 15

5. Peanut shell42 23–30 25–30 30–40

6. Wheat straw43 30 50 15

7. Bagasse43 50 25 25

8. Palm empty bunches43 41,30 – 46,50 25,30 – 33,80 27,50–32

Table 1. 
Components of lignin in various vegetable wastes.
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average bagasse has a chemical composition of 3.28% ash, 22.09% lignin, 37.65% 
cellulose, 1.81% extract, 27.97% pentosan and 3.01% SiO2. The lignin content of 
22.09% is a good potential for bagasse to be processed into lignosulfonates. Most 
of the content in bagasse is ligno-cellulose which is a natural polymer with high 
molecular weight that is rich in energy. Therefore, a large amount has the potential 
of been used as an energy source [43, 44].

One of the determining factors for the success of a livestock business is feed, 
where more than half of the production costs are used to fulfill feed needs. 
Therefore, efforts need to be made to ensure that provision of feed is cheap, easy 
to obtain and not competitive with human needs. Forage is one of the main foods 
for livestock, but its continuous supply has encountered several obstacles due to the 
narrow land available for forage cultivation which reduces the availability of feed. 
One alternative to overcome the problem of feed availability is to utilize agricultural 
byproducts [45]. According to Sajjad Karimi [46], the by-product of sugarcane mill-
ing may be used as animal feed because it is tolerant of summer, resistant to pests 
and diseases and easily available in the dry season when forage is less available [47]. 
The utilization of sugarcane as a feed ingredient requires technology because it has 
high crude fiber and low crude protein content. As a feed, several ingredients need 
to be added to bagasse in order to complement the mineral requirements needed in 
the feed material [48–51].

Bagasse waste has the opportunity to be optimally utilized as alternative energy 
which is beneficial to community needs and is friendly to the environment [52]. 
Biomass is a material obtained from plants directly or indirectly and is used as 
energy or materials in large quantities. Furthermore, it is known as “Fitomass” 
and is often translated as bioresource or resources obtained from living organisms. 
Biomass may actually be used directly without going through charcoal production 
first [53]. Sugarcane bagasse is generally used as boiler fuel to produce the energy 
needed in the sugar-making process which simultaneously produces a large amount 
of waste. Bagasse fiber is made up of cellulose which contains active carboxyl groups 
and lignin which contains phenolic groups. Several studies have utilized bagasse as 
an adsorbent for the removal of Congo Red dye [54] and reduction of iron content 
in well water [55]. Carbonized bagasse charcoal at 250°C for 2.5 hours [56] is used in 
the removal of heavy metals such as Pb, Cu, Cr and Cd. Furthermore, the effective-
ness of this charcoal absorption has been tested [57] for the remediation of mag-
nesium, manganese, zinc and nitrates in leachate. Based on the analysis result, the 
effectiveness of this charcoal is higher compared to the use of bagasse fiber. The use 
of this charcoal to change the characteristics of peat water and improve its quality 
into clean water has not been reported [58–60]. The adsorption process is one of 
the efforts made to improve the quality of pray water using bagasse charcoal as an 
adsorbent. The ability of bagasse biomass is increased by means of carbonization 
activation [61]. Furthermore, as an energy substitute, bagasse has been studied as 
bioethanol. From lignocellulosic biomass, ethanol can be produced [62–65].  
For example, from bagasse hemicellulocicidrolysis, from the study of Canilha 
et al. reported the following results of 7.5 g / L, 0.30 g /g and 0.16 g/L [66]. The 
subject of discussion focuses on the characteristics and potential of lignocel-
lulosic biomass, biomass conversion technology to ethanol and its potential 
development.

Study and development of science and technology in the field of making vari-
ous composite materials to fulfill various purposes/needs have been widely car-
ried out by educational and industrial circles. This study is reasonable due to the 
abundant availability of reinforcing fiber raw materials from organic composite 
reinforcing fibers such as bamboo, pineapple, sugarcane, banana and palm fibers 
[67] or inorganic reinforcing fibers and the quite high need/demand for processed 
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composite materials on the market. Baggase fiber is one of the many natural fibers 
found in Indonesia. Post-harvest activities and processing of agricultural/plantation 
products, including the use of by-products and their processing residues, are still 
not optimal. In the sugarcane processing industry, the amount of bagasse produced 
may be up to 32% of each processed sugarcane. Till date, its use as raw material 
for the manufacture of particle boards, boiler fuel, organic fertilizers and animal 
feed is limited and has low economic value. Furthermore, the use of bagasse fiber 
as a reinforcing fiber for composite materials have very important meaning in 
terms of the utilization of industrial waste, especially the sugar-making industry 
in Indonesia which has not been optimized from an economic perspective and the 
utilization of its processed products. The results of this study are expected to bring 
new innovations in the development of non synthetic fiber-reinforced composite 
material technology. Therefore, bagasse fiber may be used as an alternative raw 
material, because it is easily obtained, almost available in all regions of Indonesia, a 
plantation crop widely cultivated by many farmers in Indonesia, more environmen-
tal friendly, a natural fiber and easier to process.

Bagasse is organic waste which is produced in many sugarcane processing 
factories in Indonesia. Bagasse is easy to obtain, does not endanger health and can be 
decomposed naturally (biodegradability). Therefore, the use of composite reinforc-
ing fibers will be able to overcome environmental problems [68].

Several studies have also demonstrated the feasibility of using pre-treated 
bagasse at high consistency conditions to produce ethanol with a theoretical yield 
approaching 65% [69]. The production of bioethanol from bagasse can be obtained 
by engineering the evolution of the super active fermentation yeast Saccharomyces 
cerevisiae through the suppression gene deletion process. This may have detrimental 
effects on fermentation and the overexpression of all metabolic pathways for the 
fermentation of glucose, xylose, arabinose sugars and processes for higher tolerance 
to inhibitors [70]. There are many benefits that may be obtained from bagasse waste 
as shown in the following table (Table 3).

More study efforts are needed in relation to the use of bagasse as another 
product with more value, as shown in the following figure. In this Figure 6, it can 
be seen that the use of bagasse is applied to four major parts, namely for energy, 
biochemicals, food and materials. As an energy use, bagasse is used as charcoal, 
pellets, biogas, bioethanol, heat and electricity. As a biochemical, bagasse can be 
made for biopylomers, vanillin, enzymes, xylitol and furfural. Meanwhile, for food 
needs, bagasse can be made as protein, animal feed, fertilizer, soil conditioner. 
And finally, for material needs, bagasse can be used as an adsorbent, construction, 
textile fiber, boards and paper.

No. Application Reference

1. Bagasse charcoal [57, 61]

2. Adsorbent [55, 56]

3. Organic composite reinforcement [68, 71]

4. Biomass [53, 67]

5. Animal feed [46–52]

6. Bioethanol [69, 70]

7. SLS surfactant [72, 73]

Table 3. 
Results of the study carried out on the benefits of this waste.
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Several previous studies also stated that bagasse is a fiber containing cellulose 
with an active carboxyl group and lignin with a phenolic group. This research was 
conducted by Collepardi [72] and Setiati [73], processing bagasse into surfactant 
sodium lignosulfonate. This research is the manufacture of biopolymers which 
is part of biochemistry due to the large amount of lignin contained in bagasse. 
According to previous studies, the lignin content in bagasse was 25% as shown 
in Table 1 above [75]. This type of surfactant is used as a raw material for fluid 
injection in oil fields to increase petroleum production. Figure 6 above shows the 
position of the SLS surfactant bagasse synthesis which is part of the biopolymer.

The hoarding of bagasse as waste for a certain time cause problems, because this 
material is flammable, pollutes the surrounding environment and takes up a large 
area for storage [76]. So that this waste must be handled properly, by using it into 
other products.

The four main categories of bagasse application are currently being studied 
and utilized by the community. Various exploitation efforts continue to be made to 
minimize bagasse because sugarcane plantations and sugar factories are still devel-
oping [77]. Therefore, technological developments are still needed in processing 
and utilizing bagasse.

3. Results and discussion

One of the uses of bagasse is as a biopolymer, which is processed into Sodium 
LignoSulfonate (SLS) surfactant. SLS surfactant is an anionic surfactant, a type of 
surfactant that is widely used in the surfactant injection process in oil reservoirs. 
The function of this surfactant is to form a middle phase emulsion so that there is 
a decrease in interfacial tension (IFT) between the oil in the reservoir and the oil 
that sticks to the rock because it is difficult to move [78, 79]. With the availability 
of surfactants, the interfacial tension is low so that oil can be easily produced. The 
remaining oil in the reservoir can be removed and produced to increase oil recovery.

Figure 6. 
Bagasse utilization diagram [74].
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Processing of bagasse into SLS surfactant is carried out through two processes, 
namely hydrolysis and sulfonation [80–82]. Hydrolysis is the separation of lignin 
from bagasse by using a sieve analysis to obtain a size of 80 mesh. The lignin 
obtained is reacted with a sulfonation process using sodium bisulfite reagent to 
obtain sodium lignosulfonate surfactant [83]. The following figure shows the 
complete process from bagasse synthesis to SLS surfactant.

The synthesis process shown in Figure 7 begins with the process of isolating 
lignin from bagasse. This process uses NaOH as a reagent, by heating for 5 hours at 
a temperature of 100°C. Then titrated using H2SO4 until a precipitate appears then 
filtered and dried, to become lignin. The lignin formed is then processed into lig-
nosulfonate surfactants by a sulfonation process using NaHSO3 as a reagent, reflux 
for 5 hours at a temperature of 150°C. As a result, it is dried to become lignosulfo-
nate powder.

Lignosulfonates are lignin derivatives containing sulfonates that have hydro-
philic groups which include sulfonate groups, phenyl hydroxyl and hydroxyl alcohol 
and hydrophobic groups (carbon chains) [84]. Therefore they are included in the 
anionic surfactant group.

The SLS surfactant produced from the synthesis of bagasse was tested for the 
components which it contains, using the FTIR (Fourier Transform Infra-Red) test. 
Tabulation of FTIR test results is seen in the following Table 4. Graph of FTIR test 
results can be seen in Figure 8.

From the Figure 8 below, it is observed that the four clearest peaks show the 
absorption peak at wave number 1635.34 cm-1 as the stretching vibration region 
of alkene functional group -C=C- aromatic, wave number 1384.64 cm-1 as the 
stretching vibration region of sulfonate functional group S=O, wave number 
1114.65 cm-1 as the bending vibration region of carboxylate functional group C=O 
and wave number 462,832 cm-1 as the bending vibration region of ester functional 
group S-OR.

The results of FTIR test showed that the lignosulfonate formed has components 
of alkenes, sulfates, carboxylic acids and esters. The synthesized SLS surfactant 

Figure 7. 
Synthesis process of SLS surfactant from bagasse [73].
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was compared to a commercial lignosulfonate surfactant, namely Patricia ligno-
sulfonate. This surfactant consists of an alkene component with a wave number 
of 1630–1680 cm−1, a sulfonate group with wave number of 1350 cm−1, Carboxylic 
acids with wave number of 1000–1300 cm-1 and an ester with wave number of 
500–540 cm−1 [85]. Compared to commercial lignosulfonate, SLS surfactant 
bagasse has a constituent component which is exactly the same as the compara-
tor commercial lignosulfonate. There is only a slight difference in the absorption 
peak wave number detected, for example the alkene on SLS surfactant bagasse is 
1635.34 cm−1, which is still in the range of comparator lignosulfonate wave numbers 
of namely 1630–1680 cm−1. Meanwhile, the sulfonate element in SLS surfactant 
bagasse is at a wave number of 1384.64 cm−1, shifted slightly to the left compared to 
commercial lignosulfonate which has a sulfonate wave number of 1350 cm−1, which 
indicates that this deviation only occurs by 2.56%. Furthermore, the carboxylic 
acids component with a wave number of 1114.65 cm−1 is still in the comparator 
lignosulfonate range, namely 1000–1300 cm−1, while the last element (ester) pro-
vides a measurement result that deviates slightly to the right. Based on the results 
from the measurement of SLS surfactant bagasse, the ester is at a wave number of 
462,832cm1, while the comparator lignosulfonate has a wave number between 500 
and 540 cm−1. The deviation that occurs in this element is 7.4%.

No. Component Wave number(cm−1)

1. Alkene C=C 1635.34

2. Sulfonate S=O 1384.64

3. Carboxylic Acids C=O 1114.65

4. Ester S-OR 462.832

Table 4. 
Spectrum of FTIR results of lignosulfonate from bagasse.

Figure 8. 
FTIR test curve of SLS surfactant bagasse.
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The other indicator for the success of SLS surfactant bagasse as a raw mate-
rial for surfactant injection in the EOR process may be seen from the HLB 
(Hydrophilic–Lipophilic Balance) value. HLB determination was used to determine 
the classification of the surfactant. The Myers table was the standard HBL value 
used in which the emulsion-forming fluid has an HLB value of 8–11 [86]. The 
components that needed to be known were the lipophilic and hydrophilic groups. 
This component is known from the atomic element which is measured based on the 
NMR (Nuclear Magnetic Resonance) test.

Based on the NMR spectrum analysis of the SLS surfactant bagasse sample, it 
turns out that the atomic number of C = 11, O = 8, H = 16 and S = 1. The molecular 
mass of the lignosulfonate monomer may be determined by looking at the presence 
of C, O, H and S atoms in their structure. Therefore, the empirical formula of the 
lignosulfonate monomer is (C11H16O8S)n, with a relative molecular mass of 308.06.

Furthermore, based on the NMR analysis, it is easy to identify which groups 
are classified as hydrophilic or lipophilic. The Lipophilic group consists of the 
elements (= CH -, - CH2 -, - CH3), while the hydrophilic group consists of the ele-
ments(= - SO3Na) and (-OH) elements. The grouping is seen in the Table 5 below.

Based on the number of lipophilic and hydrophilic element atoms, this HLB 
value may be calculated using the equation as follows:

 ( ) ( )= ∗ +h l hHLB 20 M / M M  (1)

Where: Mh = the molecular weight of hydrophilic group.
Ml = the molecular weight of the lipophilic group

 ( ) ( ) ( )= + = + + + =h 3M SO Na OH x3 32 48 23 51 154  (2)

 ( ) ( ) ( )= + + =lM CH x3 CH2 x3 CH3 x2 111  (3)

 ( ) ( ) ( )= ∗ + = ∗ + =h l hHLB 20 M / M M 20 154 / 111 154 ) 11.62  (4)

The result calculation, SLS surfactant bagasse has an HLB value of 11.62. 
Therefore, based on Table 6, it is suitable for use in the O/W (oil in water) emul-
sion type system, which means that the surfactant is soluble in water [86].

Furthermore, the HLB value was determined empirically with a scale of 0–20, 
as shown in Table 6 below. The higher the HLB value, the more hydrophilic the 
surfactant and the more soluble it is in water, or known as an O/W (Oil in Water) 
emulsion. Meanwhile, lower HLB value indicates that the surfactant is a W/O 

Classification Group Number

Lipophilic Groups =CH- 3

-CH2- 3

-CH3 2

Hydrophilic Groups -SO3Na 1

-OH 3

Table 5. 
Grouping of bagasse NaLS surfactant functional groups.
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(Water in Oil) emulsion, which will be more soluble in oil [86, 87]. Surfactants are 
usually amphiphilic organic compounds, which contain hydrophobic (tail) and 
hydrophilic (head). In addition, they spread in water and absorb at the interface 
between air and water or at the interface between oil and water.

Therefore, this SLS surfactant bagasse may be used as an injection fluid because 
it forms an O/W emulsion and is dissolved in water. In accordance with the injec-
tion mechanism, the surfactant is dissolved in the formation water and is injected 
into the reservoir to push the oil trapped in the rock pores. So, SLS surfactant 
bagasse has the potential of been used as a surfactant injection in the enhanced oil 
recovery process.

4. Conclusions

Based on studies conducted on bagasse and its application as a new, more useful 
product, it appears that the lignin content in bagasse has the potential to be pro-
cessed into sodium lignosulfonate (SLS) surfactant. This SLS surfactant functions 
as an injection liquid to increase oil recovery. The laboratory test results corroborate 
these claims, which show that bagasse SLS surfactant as lignosulfonate has four 
main components, namely alkenes, sulfonic acids, carboxylic acids and esters. 
Furthermore, it has an HLB ((Hydrophilic–Lipophilic Balance) value of 11.62 which 
indicates that it functions as an emulsifier that dissolves in water and forms a sur-
factant solution. SLS surfactant bagasse forms an emulsion and reduces interfacial 
tension (IFT), so that oil granules are easier to produce. So it can be concluded that 
bagasse has good potential to be used as raw material for lignosulfonate surfactants.

HLB Value Range Application

2–6 W/O emulsion

7–9 Wetting agent

8–18 O/W emulsion

3–15 Detergent

15–18 Solubilization

Table 6. 
HLB value and its application [86].



Sugarcane - Biotechnology for Biofuels

14

Author details

Rini Setiati1*, Aqlyna Fatahanissa1, Shabrina Sri Riswati1, Septoratno Siregar2  
and Deana Wahyuningrum3

1 Petroleum Engineering, Faculty of Earth Technology and Energy,  
Trisakti University, Jakarta, Indonesia

2 Petroleum Engineering, Faculty of Mining and Petroleum Engineering,  
Bandung Institute of Technology, Bandung, Indonesia

3 Chemistry, Faculty of Math and Science, Bandung Institute of Technology, 
Bandung, Indonesia

*Address all correspondence to: rinisetiati@trisakti.ac.id

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



15

Potential of Bagasse as Raw Material for Lignosulfonate Surfactant
DOI: http://dx.doi.org/10.5772/intechopen.96373

References

[1] Tajuddin Bantacut, 2010, Sugar Self-
Sufficiency: Prospects and Strategies for 
Achievement, PANGAN, Vol. 19 No. 3 
September 2010: 245-256, http://www.
jurnalpangan.com/index.php/pangan/
article/view/142

[2] Nkosingiphile Samuel Zulu, Melusi 
Sibanda and Bokang Stephen Tlali, 2019, 
Factors Affecting Sugarcane Production 
by Small-Scale Growers in Ndwedwe 
Local Unicipality, South Africa, 
Agriculture 2019, 9, 170; doi:10.3390/
agriculture9080170

[3] Andi Amran Sulaiman, Yiyi 
Sulaeman, Novia Mustikasari, Dedi 
Nursyamsi and Andi Muhammad 
Syakir, 2019, Increasing Sugar 
Production in Indonesia through 
Land Suitability Analysis and Sugar 
Mill Restructuring, Land 2019, 8, 61; 
doi:10.3390/land8040061

[4] Gan-Lin Chen, Feng-Jin Zheng, Bo 
Lin,Tian-Shun Wang & Yang-Rui Li, 
2013, Preparation and Characteristics 
of Sugarcane Low Alcoholic Drink by 
Submerged Alcoholic Fermentation, 
Sugar Tech (2013) 15:412-416, DOI 
10.1007/s12355-013-0248-3

[5] Anika Knüppel, Martin J. Shipley, 
Clare H. Llewellyn & Eric J. Brunner,  
2017, Sugar intake from sweet food 
and beverages, common mental 
disorder and depression: prospective 
findings from the Whitehall II study, 
Scientific Reports | 7:6287| DOI:10.1038/
s41598-017-05649-7

[6] Subdirectorate of Estate Crops 
Statistics, 2018, Indonesian Sugar Cane 
Statistics 2018, BPS-Statistics Indonesia, 
BPS Catalogue: 5504004, https://
knoema.com/atlas/Indonesia/topics/
Agriculture/Crops-Production-Yield/
Sugar-cane-yield

[7] Chinnaraja Chinnadurai, 
2017, Potential Health Benefits of 

Sugarcane, Research Gate, DOI: 
10.1007/978-3-319-58946-6_1

[8] Garusti, Yoga A. Yogi, Nurindah, 
2019, Analysis of Tanjung Sugar Quality 
of Three Sugarcane Varieties, Jurnal 
Littri 25(2), Desember 2019. Hlm. 
91-99, DOI: http://dx.doi.org/10.21082/
littri.v25n2.2019. 91-99

[9] Nazmi Mat Nawi, Troy Jensen, and 
Guangnan Chen, 2012, The Application 
of Spectroscopic Methods to Predict 
Sugarcane Quality Based on Stalk Cross-
sectional Scanning, Journal American 
Society of Sugar Cane Technologists, 
Vol. 32, 2012, https://core.ac.uk/
download/pdf/11048657.pdf

[10] H Nurdin, H Hasanuddin, 
D Darmawi, F Prasetya, 2018, 
Analysis of Calorific Value of 
Tibarau Cane Briquette, OP Conf. 
Series: Materials Science and 
Engineering 335 (2018) 012058 
doi:10.1088/1757-899X/335/1/012058

[11] Irvan Eka Kurniawan, Purwono, 
2018, Harvest, Load and Transport in 
PGMadukismo Area, Yogyakarta, Bul. 
Agrohorti 6(3): 354-361

[12] Ahmad Thoriq, Wahyu K. Sugandi, 
Rizky Mulya Sampurno, Reza Permana 
Aji, 2017, Study of Cycle Time on 
Loading and Transporting Process in 
PG. Jatituju, Majalengka, West Java, 
Jurnal Teknotan Vol. 11 No. 1, April 
2017, DOI : 10.24198/jt.vol11n1.7

[13] PD Riajaya, 2019, Rainyseason 
period and climate classification 
in sugarcane plantation regions 
in Indonesia, IOP Conf. Series: 
Earth and Environmental 
Science 418 (2020) 012058, 
doi:10.1088/1755-1315/418/1/012058

[14] Rachana Devkota, Laxmi Prasad 
Pant, Hom Nath Gartaula, Kirit 
Patel,Devendra Gauchan, Helen 

http://www.jurnalpangan.com/index.php/pangan/article/view/142
http://www.jurnalpangan.com/index.php/pangan/article/view/142
http://www.jurnalpangan.com/index.php/pangan/article/view/142
https://knoema.com/atlas/Indonesia/topics/Agriculture/Crops-Production-Yield/Sugar-cane-yield
https://knoema.com/atlas/Indonesia/topics/Agriculture/Crops-Production-Yield/Sugar-cane-yield
https://knoema.com/atlas/Indonesia/topics/Agriculture/Crops-Production-Yield/Sugar-cane-yield
https://knoema.com/atlas/Indonesia/topics/Agriculture/Crops-Production-Yield/Sugar-cane-yield
http://dx.doi.org/10.21082/littri
http://dx.doi.org/10.21082/littri
https://core.ac.uk/download/pdf/11048657.pdf
https://core.ac.uk/download/pdf/11048657.pdf


Sugarcane - Biotechnology for Biofuels

16

Hambly-Odame, Balaram Thapa 
and Manish N. Raizada , 2020, 
Responsible Agricultural Mechanization 
Innovationfor the Sustainable 
Development of Nepal’s HillsideFarming 
System, Sustainability 2020,12, 374; 
doi:10.3390/su12010374

[15] S. Shankar, C. Maheswari, R. 
Gowtham, P. Kiruba, K. Mohansrinivas 
2019, Design And Fabrication Of 
PortableSugarcane Harvesting Machine, 
International Journal Of Scientific & 
Technology Research Volume 8, Issue 
12, December 2019, http://www.ijstr.
org/final-print/dec2019/Design-And-
Fabrication-Of-Portable-Sugarcane-
Harvesting-Machine.pdf

[16] H. A. Abdel-Mawla, 2014, Optimal 
design of the tractor-front-mounted 
sugarcane grab loader, Agric Eng Int: 
CIGR Journal Vol. 16, No.2, http://www.
cigrjournal.org

[17] G.A. KENT, 2010, Design, 
Manufacturing And Maintenance Of 
Sugar Mill Equipment: Issct Engineering 
Workshop 2008 Summary Report, Proc. 
Int. Soc. Sugar Cane Technol., Vol. 27, 
2010, https://core.ac.uk/download/
pdf/33495672.pdf

[18] A Kustiyo, Y Arkeman, 2018, 
Design for improvement of sugar 
factory performance basedon 
statistical thinking, IOP Conf. 
Series: Earth and Environmental 
Science 335 (2019) 012033, 
doi:10.1088/1755-1315/335/1/012033

[19] Gunawan, T Bantacut, M Romli 
and E Noor, 2017, Biomass by-product 
from crystal sugar production: A 
comparative study between Ngadirejo 
and Mauritius sugar mill, IOP Conf. 
Series: Earth and Environmental 
Science 141 (2018) 012009, doi 
:10.1088/1755-1315/141/1/012009

[20] Mohd Parvez, 2017, Steam 
Boiler, Al Falah University, 
https://www.researchgate.net/
publication/320057473_Steam_Boiler

[21] Widodo, D R Kamardiani and D 
F Pratiwi, 2019, Partnership between 
sugar company and small farmer on 
sugar cane farming in dry climate 
area of Dompu District, West Nusa 
Tenggara Province, Indonesia, IOP 
Conf. Series: Earth and Environmental 
Science423 (2020) 012029, 
doi:10.1088/1755-1315/423/1/012029

[22] Ju Young Lee, Rosamond L Naylor, 
Anjuli Jain Figueroa and Steven M 
Gorelick, 2020, Water-food-energy 
challenges in India: political economy 
of the sugar industry, Environ. Res. 
Lett.15(2020) 084020, https://doi.
org/10.1088/1748-9326/ab9925

[23] Joner Oliveira Alves, Jorge Alberto 
Soares Tenório, Chuanwei Zhuo, 
Yiannis Angelo Levendis, 2012, 
Characterization of Nanomaterials 
Produced from Sugarcane Bagasse, 
Journal of Materials Research and 
Technology, https://core.ac.uk/
download/pdf/82724939.pdf

[24] Daissy Lorena Restrepo-Serna, 
Jimmy Anderson Martínez-Ruano 
andCarlos Ariel Cardona-Alzate, 
2018, Energy Efficiency of Biorefinery 
Schemes Using Sugarcane Bagasse as 
Raw Material, Energies 2018,11, 3474; 
doi:10.3390/en11123474

[25] Gunawan, Tajuddin Bantacut, 
Muhammad Romli and Erliza Noor, 
2019, Life Cycle Assessment of 
Cane-sugar in Indonesian Sugar Mill: 
Energy Use and GHG Emissions, 
IOP Conf. Series: Materials Science 
and Engineering 536 (2019) 012059, 
doi:10.1088/1757-899X/536/1/012059

[26] Tushar Kanti Bera, Sanjit Kumar 
Kar, Prem Kumar Yadav, Prithwiraj 
Mukherjee, Shankar Yadav, Bishal 
Joshi, 2017, Effects of monosodium 
glutamate on human health: A 
systematic review, World Journal of 
Pharmaceutical Sciences, 2017; 5(5): 
139-144, https://www.researchgate.net/
publication/320191030

http://www.ijstr.org/final-print/dec2019/Design-And-Fabrication-Of-Portable-Sugarcane-Harvesting-Machine.pdf
http://www.ijstr.org/final-print/dec2019/Design-And-Fabrication-Of-Portable-Sugarcane-Harvesting-Machine.pdf
http://www.ijstr.org/final-print/dec2019/Design-And-Fabrication-Of-Portable-Sugarcane-Harvesting-Machine.pdf
http://www.ijstr.org/final-print/dec2019/Design-And-Fabrication-Of-Portable-Sugarcane-Harvesting-Machine.pdf
http://www.cigrjournal.org
http://www.cigrjournal.org
https://core.ac.uk/download/pdf/33495672.pdf
https://core.ac.uk/download/pdf/33495672.pdf
https://www.researchgate.net/publication/320057473_Steam_Boiler
https://www.researchgate.net/publication/320057473_Steam_Boiler
http://dx.doi.org/10.1088/1748-9326/ab9925
http://dx.doi.org/10.1088/1748-9326/ab9925
https://core.ac.uk/download/pdf/82724939.pdf
https://core.ac.uk/download/pdf/82724939.pdf
https://www.researchgate.net/publication/320191030
https://www.researchgate.net/publication/320191030


17

Potential of Bagasse as Raw Material for Lignosulfonate Surfactant
DOI: http://dx.doi.org/10.5772/intechopen.96373

[27] Kalapanda M Appaiah, 2010, 
Monosodium Glutamate in Foods and 
its Biological Effects, DOI: 10.1016/
B978-0-12-374845-4.00013-8

[28] Campbell, A. (2014). Monosodium 
Glutamate (MSG). Encyclopedia of 
Toxicology, 391-392. doi:10.1016/
b978-0-12-386454-3.00040-3

[29] Afriandi, Fajril Akbar, Idral Amri, 
2015, The Study of Making Oxalic 
Acid with Variations of Stirring Speed 
and Stirring Time of Sugarcane Base 
Material, Jom FTEKNIK Volume 3 No. 1 
Februari 2015

[30] Cesar Benigno Granda Cotlear, 
2004, Sugarcane Juice Extraction And 
Preservation, And Long-Term Lime 
Pretreatment Of Bagasse, Dissertation, 
Chemical Engineering Texas A&M 
University

[31] Rubin, 2008, Genomics of Celullosic 
Biofuels, Nature 454, 841-848, DOI: 
10.1038/nature07190

[32] Lv, S., Yu, Q ., Zhuang, X., Yuan, Z., 
Wang, W., Wang, Tan X. (2013). The 
Influence of Hemicellulose and Lignin 
Removal on the Enzymatic Digestibility 
from Sugarcane Bagasse. BioEnergy 
Research, 6(4), 1128-1134. doi:10.1007/
s12155-013-9297-4

[33] Michel Brienzo, Ana Flavia 
Azevedo Carvalho, Franciane 
Cristina de Figueiredo and Pedro de 
Oliva Neto, 2016, Sugarcane Bagasse 
Hemicellulose Properties, Extraction 
Technologies And Xylooligosaccharides 
Production, https://www.researchgate.
net/publication/309414077_
SUGARCANE_BAGASSE_
HEMICELLULOSE_PROPERTIES_
EXTRACTION_TECHNOLOGIES_
AND_XYLOOLIGOSACCHARIDES_
PRODUCTION

[34] Rezende, C., de Lima, M., 
Maziero, P., deAzevedo, E., Garcia, 
W., & Polikarpov, I. (2011). Chemical 

and morphological characterization 
of sugarcane bagasse submitted 
to a delignification process for 
enhanced enzymatic digestibility. 
Biotechnology for Biofuels, 4(1), 54. 
doi:10.1186/1754-6834-4-54

[35] Teboho C. Mokhena, Mokgaotsa J. 
Mochane, Tshwafo E. Motaung, Linda Z. 
Linganiso, Oriel M. Thekisoe, 2018, 
Sugarcane Bagasse and Cellulose 
Polymer Composites, Intechopen, 
http://dx.doi.org/10.5772/
intechopen.71497

[36] Nowshin Farjana Silvy, Md. 
Shamim Reza, Md. Nazim Uddin, 
Meghla Akther, 2018, Comparison 
between Different Components of Some 
Available Hardwood and Softwood 
in Bangladesh, IOSR Journal of 
Biotechnology and Biochemistry (IOSR-
JBB), Volume 4, Issue 1(Jan.-Feb2018), 
PP 01-05, http://www.iosrjournals.
org/iosr-jbb/papers/Volume%204,%20
Issue%201/A0401010105.pdf

[37] Novaes, E., Kirst, M., Chiang, V., 
Winter-Sederoff, H., & Sederoff, R. 
(2010). Lignin and Biomass: A Negative 
Correlation for Wood Formation 
and Lignin Content in Trees. PLANT 
PHYSIOLOGY, 154(2), 555-561. 
doi:10.1104/pp.110.161281

[38] Ricardo B. Santos, Ewellyn A. 
Capanema, Mikhail Yu. Balakshin, Hou-
min Chang, Hasan Jameel, 2012, Lignin 
Structural Variation in Hardwood 
Species, Journal of Agricultural and 
Food Chemistry · April 2012, DOI: 
10.1021/jf301276a

[39] Maryudi, Agus Aktawan, Siti 
Salamah, 2018, Conversion of Biomass 
of Bagasse to Syngas through Downdraft 
Gasification, Jurnal Bahan Alam 
Terbarukan, JBAT 7(1) (2018) 28-33, 
DOI 10.15294/jbat.v7i1.11621

[40] Lely Meilani , Kiagus. A Roni, 
Atikah, Netty Herawati, 2019, 
Conversion Of Sugar Cane Bagasse 

https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
https://www.researchgate.net/publication/309414077_SUGARCANE_BAGASSE_HEMICELLULOSE_PROPERTIES_EXTRACTION_TECHNOLOGIES_AND_XYLOOLIGOSACCHARIDES_PRODUCTION
http://dx.doi.org/10.5772/intechopen.71497
http://dx.doi.org/10.5772/intechopen.71497
http://www.iosrjournals.org/iosr-jbb/papers/Volume%204,%20Issue%201/A0401010105.pdf
http://www.iosrjournals.org/iosr-jbb/papers/Volume%204,%20Issue%201/A0401010105.pdf
http://www.iosrjournals.org/iosr-jbb/papers/Volume%204,%20Issue%201/A0401010105.pdf


Sugarcane - Biotechnology for Biofuels

18

become Bioethanol Using Variations 
Of Yeast Types And Fermentation 
Temperatures With Socarification 
Process, Journal of Computational and 
Theoretical Nanoscience · August 2019, 
http://DOI:10.1166/jctn.2019.8581

[41] Reshamwala, S., Shawky, B.T. and 
Dale, B.E. (1995). Ethanol production 
from enzymatic hydrolysates of 
AFEXtreated coastal Bermuda grass 
and switchgrass. Applied Biochemistry 
Biotechnology. 51/52, 43-55, https://
agris.fao.org/agris-search/search.
do?recordID=US9603400

[42] Pandey, Ashok., Carlos R. Soccol, 
Poonam Nigam, Vanete T. Soccol. 
(2000). Biotechnological potential of 
agro-industrial residues. I: sugarcane 
bagasse. Bioresource Technology. 
74: 69-80, https://doi.org/10.1016/
S0960-8524(99)00142-X

[43] Naomi P. Carnaje ID,  
Romel B.Talagon, JoseP. Peralta, 
KalpitShah, JorgePaz-Ferreiro ID, 2018, 
Development and characterization of 
charcoal briquettes from water hyacinth 
(Eichhorniacrassipes)-molasses blend, 
PLOS ONE November 9, 2018, https://
doi.org/10.1371/journal.pone.0207135

[44] M Cholid and MMachfud , 2019, 
Acceleration adaption for integrated 
sugarcane cultivation technology 
through field laboratory practices, IOP 
Conf. Series: Earth and Environmental 
Science418 (2020) 012059, http://
doi:10.1088/1755-1315/418/1/012059

[45] Samadi, Sitti Wajizah, Yunasri 
Usman, Denny Riayatsyah, Zidny 
Al-Firdausyi, 2016, Improving 
Sugarcane Bagasse as Animal Feed 
by Ammoniation and Followed by 
Fermentationwith Trichoderma 
harzianum(In Vitro Study), Animal 
Production, Vol 18, No 1 (2016), https://
animalproduction.net/index.php/JAP/
article/view/516/463

[46] Sajjad Karimi, Nasrollah Mahboobi 
Soofiani, Amir Mahboubi and 

Mohammad J. Taherzadeh, 2018, Use 
of Organic Wastes and Industrial 
By-Products to Produce Filamentous 
Fungi with Potential asAqua-Feed 
Ingredients, Sustainability 2018,10, 
3296; http://doi:10.3390/su10093296

[47] Ratchataporn Lunsin, Suntariporn 
Duanyai, Ruangyote Pilajun, Somporn 
Duanyai, Prapatsorn Sombatsri. 
2018, Effect of urea- and molasses-
treated sugarcane bagasse on 
nutrientcomposition andin vitrorumen 
fermentation in dairy cows, Agriculture 
and Natural Resources 52 (2018) 
622-627, http://doi.org/10.1016/j.
anres.2018.11.010

[48] E.M. Shahowna1, A.G. Mahala, 
A.M. Mokhtar, E.O. Amasaib and 
Balgees Attaelmnan, 2013, Evaluation 
of nutritive value of sugar cane 
bagassefermented with poultry litter as 
animal feed, African Journal of Food 
Science and Technology (ISSN: 2141-
5455) Vol. 4(5) pp. 106-109, May, 2013, 
http://www.interesjournals. 
org/AJFST

[49] Sotiris I. Patsios, Anna Dedousi, 
Evangelia N. Sossidou, Antonios Zdragas, 
2020, Sustainable Animal Feed Protein 
through the Cultivation of YARROWIA 
Lipolyticaon Agro-Industrial Wastes 
and by-Products, Sustainability 2020,12, 
1398; doi:10.3390/su12041398

[50] B. N. Suresh and B. S. V. Reddy, 
2011, Dried Sugarcane Press Residue 
as a Potential Feed Ingredient Source 
of Nutrients for Poultry, Asian 
Australasian Journal of Animal Sciences· 
November 2011 Vol. 24, No. 11 : 1595-
1600, DOI: 10.5713/ajas.2011.11054

[51] Anukam, A., Mamphweli, S., Reddy, 
P., Meyer, E., & Okoh, O. (2016). 
Pre-processing of sugarcane bagasse 
for gasification in a downdraft biomass 
gasifier system: A comprehensive 
review. Renewable and Sustainable 
Energy Reviews, 66, 775-801. 
doi:10.1016/j.rser.2016.08.046

http://dx.doi.org/10.1166/jctn.2019.8581
https://agris.fao.org/agris-search/search.do?recordID=US9603400
https://agris.fao.org/agris-search/search.do?recordID=US9603400
https://agris.fao.org/agris-search/search.do?recordID=US9603400
http://10.1016/S0960-8524(99)00142-X
http://10.1016/S0960-8524(99)00142-X
http://dx.doi.org/10.1371/journal.pone.0207135
http://dx.doi.org/10.1371/journal.pone.0207135
http://dx.doi.org/10.1088/1755-1315/418/1/012059
http://dx.doi.org/10.1088/1755-1315/418/1/012059
https://animalproduction.net/index.php/JAP/article/view/516/463
https://animalproduction.net/index.php/JAP/article/view/516/463
https://animalproduction.net/index.php/JAP/article/view/516/463
http://dx.doi.org/10.3390/su10093296
http://dx.doi.org/10.1016/j.anres.2018.11.010
http://dx.doi.org/10.1016/j.anres.2018.11.010
http://www.interesjournals.org/AJFST
http://www.interesjournals.org/AJFST


19

Potential of Bagasse as Raw Material for Lignosulfonate Surfactant
DOI: http://dx.doi.org/10.5772/intechopen.96373

[52] Chukwuneke J. L,*, Umeji A. 
C., Sinebe J. E., Fakiyesi O. B, 2020, 
Sugarcane Industry Waste Recovery: 
A Case StudyUsing Thermochemical 
Conversion Technologies toIncrease 
Sustainability, Appl. Sci. 2020,10, 6481; 
doi:10.3390/app10186481

[53] Mochamad Syamsiro, 2016, 
Improving Biomass Solid Fuel Quality 
With Densification and Torrefaction 
Processes , J. Mek. Sist. TermalVol. 
1(1)2016:7-13, https://core.ac.uk/
download/pdf/231290149.pdf

[54] Zhang, Z., Monghaddam, L., 
O’Hara,M.I., dan Doherty S..O.W. 
2011. Congo Red Adsorption by ball 
milled sugarcane bagasse. Chemical 
Engineering Journal. 178:122-128. 
https://www.sciencedirect.com/science/
article/abs/pii/S1385894711012630

[55] Thaisa Caroline Andrade Siqueira, 
Isabella Zanette da Silva, Andressa 
Jenifer Rubio, Rosângela Bergamasco, 
Francielli Gasparotto, Edneia Aparecida 
de Souza Paccola and Natália Ueda 
Yamaguchi, 2020, Sugarcane Bagasse as 
an Efficient Biosorbent forMethylene 
Blue Removal: Kinetics, Isothermsand 
Thermodynamics, Int. J. Environ. Res. 
Public Health 2020,17, 526, doi:10.3390/
ijerph17020526

[56] Hala Ahmed Hegazi, 2013, Removal 
of heavy metals from wastewater 
usingagricultural and industrial wastes 
as adsorbents, Housing and Building 
National Research Center, HBRC Journal 
9 : 276-282, http://dx.doi.org/10.1016/j.
hbrcj.2013.08.004

[57] Justine Barthod & Cornelia 
Rumpel & Marie-France Dignac , 
2018, Composting with additives 
to improve organic amendments. A 
review, Agronomy for Sustainable 
Development(2018) 38: 17, https://doi.
org/10.1007/s13593-018-0491-9

[58] Silvio Rainho Teixeira, Agda Eunice 
de Souza, Angel Fidel Vilche Peña, 
Regiane Godoy de Lima and Álvaro 

Gil Miguel, 2011, Use of Charcoal and 
Partially Pirolysed Biomaterial in Fly 
Ash to Produce Briquettes: Sugarcane 
Bagasse, Intechopen Book Chapter, DOI: 
10.5772/20505

[59] Baker DA, Rials TG (2013). Recent 
advances in low-cost carbon fiber 
manufacture from lignin. J Appl 
Polym Sci 130(2):713-728. https://doi.
org/10.1002/app.39273

[60] Milbrandt A, Booth S, (2016), 
Carbon fiber from biomass. National 
Renewable Energy Laboratory (NREL), 
Golden, https://doi.org/10.2172/1326730

[61] Qing Xu, Tao Ji, San-Ji Gao, 
Zhengxian Yang and Nengsen Wu, 
2018, Characteristics and Applications 
of Sugar CaneBagasse Ash Waste in 
Cementitious Materials, Materials 
2019,12, 39; doi:10.3390/ma12010039

[62] Sandra Cerqueira Pereira, Larissa 
Maehara, Cristina Maria Monteiro 
Machado and Cristiane Sanchez Farinas, 
2015, 2G ethanol from the whole 
sugar cane lignocellulosic biomass, 
Biotechnology for Biofuels (2015) 8:44, 
DOI 10.1186/s13068-015-0224-0

[63] Tyagi, S., Lee, K.-J., Mulla, S. 
I., Garg, N., & Chae, J.-C. (2019). 
Production of Bioethanol From 
Sugarcane Bagasse: Current Approaches 
and Perspectives. Applied Microbiology 
and Bioengineering, 21-42. doi:10.1016/
b978-0-12-815407-6.00002-2.

[64] Cerqueira Leite RC, Leal MRLV,  
Cortez LAB, Griffin WM, 
Scandiffio MIG. Can Bra-zil replace 
5% of the 2025 gasoline world 
demand with ethanol?. Energy 2009; 
34655-661. https://doi.org/10.1016/j.
energy.2008.11.001

[65] Bothast, R. J., & Saha, B. C. (1997). 
Ethanol Production from Agricultural 
Biomass Substrates. Advances in 
Applied Microbiology, 261-286. 
doi:10.1016/s0065-2164(08)70464-7

https://core.ac.uk/download/pdf/231290149.pdf
https://core.ac.uk/download/pdf/231290149.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1385894711012630
https://www.sciencedirect.com/science/article/abs/pii/S1385894711012630
http://dx.doi.org/10.1016/j.hbrcj.2013.08.004
http://dx.doi.org/10.1016/j.hbrcj.2013.08.004
http://dx.doi.org/10.1007/s13593-018-0491-9
http://dx.doi.org/10.1007/s13593-018-0491-9
http://dx.doi.org/10.1002/app.39273
http://dx.doi.org/10.1002/app.39273
http://dx.doi.org/10.2172/1326730
http://dx.doi.org/10.1016/j.energy.2008.11.001
http://dx.doi.org/10.1016/j.energy.2008.11.001


Sugarcane - Biotechnology for Biofuels

20

[66] Larissa Canilha, Rita de Cássia 
Lacerda Brambilla Rodrigues, Felipe 
Antônio Fernandes Antunes, Anuj 
Kumar Chandel, Thais Suzane dos 
Santos Milessi, Maria das Graças 
Almeida Felipe andSilvio Silvério 
da Silva, 2013, Bioconversion of 
Hemicellulose fromSugarcane Biomass 
Into Sustainable, IntechOpen, http://
dx.doi.org/10.5772/53832

[67] Hartono Yudo, Sukanto Jatmiko, 
2008, Technical Analysis of Mechanical 
Strength of Composite Materials 
Reinforced Sugarcane (Baggase) in 
terms of tensile and impact strength, 
KAPAL, Vol. 5, No.2, Juni 2008, DOI: 
https://doi.org/10.14710/kpl.v5i2.3197

[68] M. Jawaida, H.P.S. Abdul Khalilb, 
Azman Hassana, Rudi Dunganic, 
A. Hadiyane, 2012, Effect of jute 
fibre loading on tensile and dynamic 
mechanical propertiesof oil palm 
epoxy composites, Journal Composites: 
Part B , http://dx.doi.org/10.1016/j.
compositesb.2012.04.068

[69] Isis Amores, Ignacio Ballesteros, 
Paloma Manzanares, Felicia Sáez, 
Georgina Michelena, Mercedes 
Ballesteros, 2017, Ethanol Production 
from Sugarcane Bagasse Pretreated by 
Steam Explosion, Electronic Journal of 
Energy & Environment, DOI: 10.7770/
ejee-V1N1-art519

[70] Monirul Islam Miskat, Ashfaq 
Ahmed, Hemal Chowdhury, Tamal 
Chowdhury, Piyal Chowdhury, Sadiq M. 
Sait and Young-Kwon Park , 2020, 
Assessing the Theoretical Prospects of 
Bioethanol Production as a Biofuel from 
Agricultural Residues in Bangladesh: A 
Review, Sustainability 2020,12, 8583; 
doi:10.3390/su12208583

[71] Zhang, Z., Monghaddam, L., 
O’Hara,M.I., dan Doherty S..O.W. 
2011. Congo Red Adsorption by 
ballmilled sugarcane bagasse. Chemical 
Engineering Journal. 178:122-1., https://
doi.org/10.1016/j.cej.2011.10.024

[72] Collepardi, (2005) , Mechanisms 
Of Action Of Superplasticizers, 
Proceedings of Second International 
Symposium on Concrete Tecnology for 
Sustainable February - Development 
with Emphasis on Infrastructure, 
Hyderabad, India, 27 February– 3 March 
(2005) pp. 527-541, http://www.encosrl.
it/OLDSITE/pubblicazioni-scientifiche/
pdf/additivi/92.pdf

[73] R Setiati, S Siregar, T 
Marhaendrajana, D Wahyuningrum, 
A Listyani, 2019, Sustainable 
Green Chemical Processing of 
Surfactant Synthesized from 
Bagasse for Enhanced Oil Recovery 
using Microwave Radiation, IOP 
Conf. Series: Materials Science and 
Engineering 662 (2019) 062005, 
doi:10.1088/1757-899X/662/6/062005

[74] Elias Martinez-Hernandez, 
Myriam Adela Amezcua-Allieri, 
Jhuma Sadhukhan and Jorge Aburto 
Anell (December 20th 2017). 
Sugarcane Bagasse Valorization 
Strategies for Bioethanol and Energy 
Production, Sugarcane - Technology 
and Research, Alexandre Bosco de 
Oliveira, IntechOpen, DOI: 10.5772/
intechopen.72237.

[75] Syafwina HY, Watanabe T, 
Kuwahara M, (2002), Pre-treatment of 
oil palm empty fruit bunch by white-rot 
fungi for enzymatic saccharification, 
Wood Res 89 : 19-20, http://hdl.handle.
net/2433/53108

[76] Lavarack, B.P., Griffin, G.J., 
Rodman, D., (2002). The acid hydrolysis 
of Sugarcane Bagasse Hemicellulose to 
Produce Xylose, Arabinose, Glucose and 
Other Products. Biomass & Bioenergy, 
23: 367-380. https://doi.org/10.1016/
S0961-9534(02)00066-1

[77] A.S. Dwi Saptati Nur Hidayati, 
Silva Kurniawan, Nalita Widya Restu, 
Bambang Ismuyanto, 2016, The 
Potential of Sugarcane as an Alternative 
for Raw Materials for Making Activated 

http://dx.doi.org/10.5772/53832
http://dx.doi.org/10.5772/53832
http://dx.doi.org/10.14710/kpl.v5i2.3197
http://dx.doi.org/10.1016/j.compositesb.2012.04.068
http://dx.doi.org/10.1016/j.compositesb.2012.04.068
http://dx.doi.org/10.1016/j.cej.2011.10.024
http://dx.doi.org/10.1016/j.cej.2011.10.024
http://www.encosrl.it/OLDSITE/pubblicazioni-scientifiche/pdf/additivi/92.pdf
http://www.encosrl.it/OLDSITE/pubblicazioni-scientifiche/pdf/additivi/92.pdf
http://www.encosrl.it/OLDSITE/pubblicazioni-scientifiche/pdf/additivi/92.pdf
http://hdl.handle.net/2433/53108
http://hdl.handle.net/2433/53108
http://dx.doi.org/10.1016/S0961-9534(02)00066-1
http://dx.doi.org/10.1016/S0961-9534(02)00066-1


21

Potential of Bagasse as Raw Material for Lignosulfonate Surfactant
DOI: http://dx.doi.org/10.5772/intechopen.96373

Carbon, NATURAL B, Vol. 3, No. 4, 
Oktober 2016, pp 311-317, https://
natural-b.ub.ac.id/index.php/natural-b/
article/view/337

[78] Sheng JJ, 2015, Status of surfactant 
EOR technology, Petroleum Volume 1, 
Issue 2, June 2015, Pages 97-105, https://
doi.org/10.1016/j.petlm.2015.07.003

[79] Bera A, Mandal A, 2015, 
Microemulsions: a novel approach 
to enhanced oil recovery: a review, 
Journal of Petroleum Exploration and 
Production Technology volume 5, pages 
255-268(2015), https://link.springer.
com/article/10.1007/s13202-014-0139-5

[80] Rini Setiati, Septoratno Siregar 
and Deana Wahyuningrum (November 
19th 2020). Laboratory Optimization 
Study of Sulfonation Reaction toward 
Lignin Isolated from Bagasse [Online 
First], IntechOpen, DOI: 10.5772/
intechopen.93662. Available from: 
https://www.intechopen.com/
online-first/laboratory-optimization-
study-of-sulfonation-reaction-toward-
lignin-isolated-from-bagasse

[81] Lisna Efiyanti, Dian Anggraini 
Indrawan, Zulhan Arif, Devandri 
Hutapea, Ane Dwi Septina, 2020, 
Synthesis and Application of a 
Sulfonated Carbon Catalyst for a 
Hydrolisis Reaction, Indonesian Journal 
of Science & Technology 5(3) (2020) 
410-420, http://ejournal.upi.edu/index.
php/ijost

[82] Rini Setiati, Septoratno Siregar, 
Taufan Marhaendrajana, Deana 
Wahyuningrum, Sugiatmo Kasmungin, 
2020, Green Chemistry Processing 
Of Surfactant Synthesized From 
Bagasse Using Microwave Radiation, 
International Journal Of Scientific 
& Technology Research Volume 
9, Issue 03, March 2020, http://
www.ijstr.org/final-print/mar2020/
Green-Chemistry-Processing-Of-
Surfactant-Synthesized-From-Bagasse-
Using-Microwave-Radiation.pdf

[83] Rini Setiati, Septoratno Siregar, 
Taufan Marhaendrajana and Deana 
Wahyuningrum (August 23rd 2019). 
Surfactant Flooding for EOR Using 
Sodium Lignosulfonate Synthesized 
from Bagasse, Enhanced Oil Recovery 
Processes - New Technologies, 
Ariffin Samsuri, IntechOpen, DOI: 
10.5772/intechopen.88689. Available 
from: https://www.intechopen.
com/books/enhanced-oil-recovery-
processes-new-technologies/
surfactant-flooding-for-eor-using-
sodium-lignosulfonate-synthesized-
from-bagasse

[84] Nguyen Truong Giang, Tran 
Trung Kien, Nguyen Thi Hoa, Pham 
Van Thiem, 2016, A New Synthesis 
Process Of Lignosulfonate Using Lignin 
Recovered From Black Liquor Of Pulp 
And Paper Mills, Journal of Science and 
Technology 54 (4B) (2016) 1-10, DOI: 
10.15625/2525-2518/54/4B/12017

[85] Patricia, R. J. (2009). 
Relationship between the structure 
of Fe-Lignosulfonate complexes 
determined by FTIR spectroscopy and 
their reduction by the leaf Fe reductase. 
The Proceedings of the International 
Plant Nutrition Colloquium XVI (hal. 
1). Davis: University of California. 
https://escholarship.org/uc/
item/9k69q71d

[86] Myers, D. (2006). Surfactant 
Science and Technology. New Yersey: 
Wiley Interscience. http://press.crosa.
com.tw/wp-content/uploads/2016/11/
Surfactant-Science-and-Technology-
Third-Edition.pdf

[87] Akzo N. HLB and Emulsi-
ficationSurface Chemistry LLC. 
2011. Available from: http://surface.
akzonobel.com

https://natural-b.ub.ac.id/index.php/natural-b/article/view/337
https://natural-b.ub.ac.id/index.php/natural-b/article/view/337
https://natural-b.ub.ac.id/index.php/natural-b/article/view/337
http://dx.doi.org/10.1016/j.petlm.2015.07.003
http://dx.doi.org/10.1016/j.petlm.2015.07.003
http://dx.doi.org/10.1007/s13202-014-0139-5
http://dx.doi.org/10.1007/s13202-014-0139-5
https://www.intechopen.com/online-first/laboratory-optimization-study-of-sulfonation-reaction-toward-lignin-isolated-from-bagasse
https://www.intechopen.com/online-first/laboratory-optimization-study-of-sulfonation-reaction-toward-lignin-isolated-from-bagasse
https://www.intechopen.com/online-first/laboratory-optimization-study-of-sulfonation-reaction-toward-lignin-isolated-from-bagasse
https://www.intechopen.com/online-first/laboratory-optimization-study-of-sulfonation-reaction-toward-lignin-isolated-from-bagasse
http://ejournal.upi.edu/index.php/ijost
http://ejournal.upi.edu/index.php/ijost
http://www.ijstr.org/final-print/mar2020/Green-Chemistry-Processing-Of-Surfactant-Synthesized-From-Bagasse-Using-Microwave-Radiation.pdf
http://www.ijstr.org/final-print/mar2020/Green-Chemistry-Processing-Of-Surfactant-Synthesized-From-Bagasse-Using-Microwave-Radiation.pdf
http://www.ijstr.org/final-print/mar2020/Green-Chemistry-Processing-Of-Surfactant-Synthesized-From-Bagasse-Using-Microwave-Radiation.pdf
http://www.ijstr.org/final-print/mar2020/Green-Chemistry-Processing-Of-Surfactant-Synthesized-From-Bagasse-Using-Microwave-Radiation.pdf
http://www.ijstr.org/final-print/mar2020/Green-Chemistry-Processing-Of-Surfactant-Synthesized-From-Bagasse-Using-Microwave-Radiation.pdf
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://www.intechopen.com/books/enhanced-oil-recovery-processes-new-technologies/surfactant-flooding-for-eor-using-sodium-lignosulfonate-synthesized-from-bagasse
https://escholarship.org/uc/item/9k69q71d
https://escholarship.org/uc/item/9k69q71d
http://press.crosa.com.tw/wp-content/uploads/2016/11/Surfactant-Science-and-Technology-Third-Edition.pdf
http://press.crosa.com.tw/wp-content/uploads/2016/11/Surfactant-Science-and-Technology-Third-Edition.pdf
http://press.crosa.com.tw/wp-content/uploads/2016/11/Surfactant-Science-and-Technology-Third-Edition.pdf
http://press.crosa.com.tw/wp-content/uploads/2016/11/Surfactant-Science-and-Technology-Third-Edition.pdf
http://surface.akzonobel.com
http://surface.akzonobel.com

