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Chapter 11
An Overview on Organosolv Production
of Bio-refinery Process Streams
for the Production of Biobased Chemicals

Veluru Sridevi, Dadi V. Suriapparao, Hemanth Kumar Tanneru,
and K. S. N. V. Prasad

Abstract The potential of renewable energy and chemical sources is more impor-
tant than ever before due to the combination of diminishing crude oil supplies and
population increase. The bio-refinery concept is evolving from a fascinating notion
to a viable replacement for a variety of fossil-fuel-based goods. Pre-treatment
processes designed for a comprehensive bio-refinery shall show selective dissocia-
tion of each constituent of a biomass feedstock, ease of access to and detachment of
the constituents after separation, high yield revival of every component, process
components readily available for conversion into chemicals with negligible purifi-
cation, as well as economic feasibility. These criteria are typically met by organosolv
pre-treatments. To be broadly accepted by markets and the public, the generation of
renewable chemicals, as well as biofuels, should be price and performance compet-
itive employing crude oil-derived counterparts. The focus of this study is on
developing a biomass conversion technique that maximizes the transformation of
lignocellulosic biomass into commercially viable high-value products, allowing for
effective translation to an economically feasible commercial process.
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Abbreviations

AFEX Ammonia fiber explosion
IEA International Energy Agency
LCB Lignocellulosic biomass
LHW Liquid hot water

11.1 Bio-refineries

The scientific community’s major goals for the development of green-type busi-
nesses are bio-refineries as well as biobased “green” chemistry. Another goal of the
bio-refinery is to maximize or optimize the economic, environmental, and social
advantages by utilizing all synergies for an efficient and viable operation. The
projected future expansion of biofuel industry, as well as the development of
novel biofuel production technologies, need the construction of the new integrated
bio-refineries.

The present work on biodiesel, ethanol, and sophisticated biofuel production to
displace a fraction of the vast quantity of shipping gasoline and diesel consumed
yearly in the USA addresses the energy objective. Fuel, however, is a low-value
product despite its enormous volume. As a result, achieving the bio-refinery’s
economic aim will be difficult due to the low return on investment on the biofuel-
only operation (Goswami et al. 2021; Kumar and Verma 2021a, b). Integrating
chemical products into bio-refinery’s portfolio, however, poses two major problems.
The manufacturing of biobased chemicals is hampered by a lack of conversion
technologies. (i) Renewable carbon to chemical conversion is the least developed
and most difficult of all bio-refinery activities when compared to nonrenewable
hydrocarbon conversion methods. The existence of the requisite conversion tech-
nology is not required for promising hypothetical situations involving fuels and
chemicals. (ii) An oversupply of targets poses a difficulty to biobased chemical
synthesis. Engineering process analysis is great for setting pricing objectives and
selecting technologies that provide the best possibilities for the research investment
as the molecular configuration of the intended product is understood. Yet, because of
the basic difference between chemical research and fuel, these analytical approaches
are less helpful when applied to multi-product chemical scenarios (Fig. 11.1).

Bio-refinery is a novel word that refers to two primary topics: bioproducts and
bioenergy, both of which are critical to a more biobased society. The use of
lignocellulosic materials in bio-refineries as a substitute for fossil-fuel refineries
necessitates effective fractionation and product recovery technologies (Bhardwaj
et al. 2021a, b; Kumar et al. 2020). The focus of the bio-refinery idea for biomass use
has changed from the construction of more or less energy-driven bio-refineries to
considerably more flexible facilities that can generate chemicals and energy carriers.



According to the huge number of articles published, biomass pre-treatment is critical
for the full-scale implementation of the bio-refinery idea.

11 An Overview on Organosolv Production of Bio-refinery Process Streams. . . 347

Fuels

(Convergent)

Technology 1

Technology 2 Single Product (e.g., EtOH)

Product 1 

Single TechnologyChemicals

(Divergent) (e.g., Selective Oxidations)

Product 2 

Product 3 

etc

Technology 3

etc.,

Fig. 11.1 Biobased fuels and chemicals research methods

Bio Mass Products

(Trees, Crops, Grass) Energy (Ex: Fuel), Chemicals

Like Specialty and Commodity,

Materials like Plastic, Food &

Clover, waste, other

Feed stocks)

Feed

Fossil Resources Products

Energy (Ex: Fuel), Chemicals

Like Specialty and Commodity,

Materials like Plastic, Food & Feed

(Crude Oil, Natural Gas)
Crude Oil
Refinery

Bio Refinery

Fig. 11.2 Biomass as a renewable feedstock for bio-refineries

Bio-refinery is defined as “the viable conversion of biomass into a variety of
biobased goods and bioenergy” by the International Energy Agency’s (IEA)
Bioenergy Task (Fig. 11.2) (International Energy Agency 2012). It implies that a
bio-refinery can be an idea or a facility or a process or a plant, or a cluster of facilities
that necessitates the integration of several disciplines of expertise, including chem-
ical engineering, biomolecular engineering, chemistry, biology, and biochemistry
(Clark et al. 2006). If a fully integrated strategy is established, biorefining can give a
viable route to value products while also improving biomass processing costs and
environmental footprint.

The growing biobased economy is a very attractive industry with a lot of potential
for the future and a lot of business prospects (Luoma et al. 2011; Mehariya et al.



2021). There are several definitions for bio-refinery, but in general, the term refers to
the use of renewable raw resources (such as biomass) to generate energy and a
variety of common commodities in an economically and environmentally sound
manner (Dermibas 2009; Aresta et al. 2013; Himmel 2008; Agrawal and Verma
2022; Goswami et al. 2020). Fossil fuels are the world’s primary energy source;
nevertheless, the most pressing issue of one of the contemporary societies is reduc-
ing our reliance on fossil-fuel sources while also promoting rural development. The
bio-refinery idea tries to use the same technologies which have been utilized to refine
crude oil into biomass conversion (Dermibas 2009). Bio-refineries are viewed as a
highly promising path to achieving our goals of long-term development and envi-
ronmental preservation. Bio-refineries should comprise a variety of facilities, unlike
oil refineries, which are huge industrial complexes (Rodrigues 2011). In the near
future, renewable energy sources will be necessary for the long-term growth of our
civilization (Dewulf and Van Langenhoven 2006). Plant biomass is the world’s most
abundant source of renewable resources and a major source of renewable energy.
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Table 11.1 A list of problems that must be overcome for bio-refineries to be implemented
successfully

Issues Key points

Increase the size of the project to It necessitates a considerable financial commitment. Strong
an industrial level financial motivation is required. Investors believe the return

on investment is too low

Uncertainty about the future Laws and rules are ambiguous

Construction and design Plant construction delays equipment evaluations.

Availability of biomass Ensure that appropriate resources are available at all times of
the year
Possibility of running on several materials

Supply and logistics Reliable storage and transportation are required

Data for the development of
processes

Data transfer from a small to a large scale

The degree to which a process has
reached maturity

Handling and feeding under high pressures

Table 11.1 summarizes the obstacles that have been identified for the effective
deployment of future bio-refineries. According to Sanford et al. (2016), the first step
toward a major financial commitment is to scale up a solid small-scale operation into
a large-scale bio-refinery. As a result, there has to be a very strong monetary
advantage to justify the expenditure. Furthermore, investors understand the poor
return on invested money as well as an uncertain future scenario, since regulations
governing biofuels and bio-chemicals are still short-term stable, implying that the
financial groundwork for major investments is not yet complete. They also find that
many biotechnology firms that had a successful early-stage procedure have faced
serious issues as a result of scale-up hurdles and the consequences of delays in
building, testing, and operation. Capital expenditures have been reduced in certain
situations by adapting existing facilities. A few of the significant factors are
(i) biomass availability, which comprises a year-round flow of lignocellulosic



biomass at a reasonable price, as well as access to a biomass of a comparable sort to
operate a bio-refinery within a limited working range. (ii) All logistics and a fully
functional supply chain, such as transports of low-density materials and storage
facilities, must be provided in order for continuous operation to be viable. The most
significant expenditures connected with the bio-refinery idea are feedstock manage-
ment and shipment. Feedstock accounts for 40–60% of full-scale biofuel production
expenses (Humbird et al. 2011; Joelsson et al. 2016). Tao et al. (2011) analyzed
6 biomass pre-treatment methods from a process and techno-economic standpoint.
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11.1.1 Processing for the Bio-Based Economy: Bio-refineries

The biggest hurdle to the expansion of the biobased chemicals industry, according to
scientists, is the cost of manufacturing, which is still greater than their traditional
equivalents. Furthermore, some biobased chemicals are still regarded as high risk in
terms of upfront infrastructure investments. Policy interventions designed to stimu-
late these markets could include investment incentives, making the production of
their fossil-fuel counterparts more expensive—for example, through carbon taxes—
or attempting to make the use of biobased chemicals mandatory in certain industries,
thereby increasing demand.

The goal of the bio-refinery idea is to make the most of plant components. Energy
generation is not the main application of biomass in this idea, but rather an optional
one. To maximize the value of available functions and biomass usage, feedstock
selection, transportation, and biorefining processes are utilized. Intricate input-
output chains aid in realizing the best social and economic outcomes. This is
accomplished by first producing (small volume) high added value items, which are
then followed by less-valued products (Fig. 11.3).

Green bio-refineries, which feed grass through a series of processing steps, pro-
vides a new option for grass feedstock processing. The mechanical separation of
grass into a liquid phase containing soluble chemicals and a solid phase mostly

Fig. 11.3 Biobased
“products” market
pricing vs. market volume
(De Jong et al. 2009). The
up arrow indicates Market
Price and the down arrow
indicates Market Volume



Bio-refinery impact Remarks

composed of fibers is critical. The economic return of the fibers determines the
bio-refinery’s overall economic efficiency (De Jong et al. 2009). Table 11.2 sum-
marizes the key features of the most common bio-refinery processes.
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Table 11.2 Characteristics of the most common bio-refinery types

Feedstock
and conversion

Whole crop Cereal crops, dry
or wet milling

Although there is a link between
monomer and polymer
manufacturing, large-scale pro-
duction competes with food pro-
duction. Straw that may be used
in lignocellulosic bio-refineries.
Straw that may be used in ligno-
cellulosic bio-refineries

Mainly from maize,
wheat, moderately
capital intensive

Oleochemical
feedstock
bio-refinery

Oil crops (rape
seed, soybean, oil
palm)

Links to production of chemicals,
functional monomers, lubricants,
and surfactants. Direct comple-
tion with food

Close to full com-
mercialization. Cap-
ital intensity is
moderate

Lignocellulosic
bio-refinery

Lignocellulosic
crops, residues of
food and feed
crops

Reduced completion with food,
feed production, high water use
efficiency, high potential for
GHG emission reduction

Not yet on commer-
cial scale. Capital
intensive

Green
bio-refinery

Grass Links to the production of pro-
teins, sugars, and fibers. No direct
completion with food

R & D phase

To make bio-refineries more cost-effective, chemicals made from biomass, a
viable feedstock, are highly sought as a replacement for petrochemicals. Improved
interest in becoming less energy reliant than in the past has been fueled by a
dependency on fossil-based energy sources, diminishing crude oil accessibility, a
desire to preserve the environment from devastating carbon emissions, and an ever-
increasing global population. These concerns have prompted researchers to explore
methods to replace crude oil derivatives with renewable resources. Biomass
processing in integrated bio-refineries is the best way to compete with fossil-fuel
refineries. To generate biofuels and biobased chemicals, the integrated bio-refineries
used a variety of biomass feedstocks and conversion methods. A bio-refinery ought
to require the most effective conversion methods for the production of high-value
chemicals and biofuels from an industrial standpoint (Ragauskas et al. 2006a, b;
Huber et al. 2006; Stephanopoulos 2007). Agricultural residues and wood chips, for
example, are affordable renewable feedstocks for commercial large-scale
bio-refineries because they are widely accessible and can store carbon.
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11.2 Biomass Feedstocks

Hard and softwoods have long been the world’s primary raw materials for pulp
manufacturing, and they consistently produce high-quality results. However, due to
a variety of causes, including the newly generated demand for bio-refinery applica-
tions, the cost of these raw materials has skyrocketed in the previous decade. As a
result, alternative raw materials which can compensate for the absence of low-cost
wood have been actively explored. As a result, each person should be able to select
the best biomass source for bio-refinery applications. Plants with high productivity,
like grasses, have the ability to provide low-cost biomass to fulfill present demand
(Vilela et al. 1997; Vilela et al. 2001; Paulino et al. 2007; Mazzarella 2007).
Presently, biomass sources are classified as either woody or non-woody. In North
America, Europe, and other temperate regions, forest and agricultural wastes have
been the primary targets. In tropical regions, such as Brazil, there is a lot of potential
for using fast-growing, high-productivity woody and non-woody biomass to imple-
ment the bio-refinery idea.

Biomass as a variety of bio-refinery feedstocks, biomass from trees, agro-forest
leftovers, grasses, plants, aquatic plants, and crops, as indicated in Fig. 11.4, is a
flexible and essential renewable feedstock for the chemical industry. Plants convert
CO2 and water into primary and secondary metabolite bio-chemicals through the
photosynthesis process. Both of these compounds are significant in the industry.
Carbohydrates and lignin, known as lignocellulose, are the primary metabolites

Biomass
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Oil Seed Plants
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Palm, Jatropha
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Unused
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Forest Wastes

Municipal Wastes,
Industrial Wastes

Thinned Wood

Cellulosic
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Corn Stover
Bagasses
Straw (Rice, Barley, Wheat)

Fig. 11.4 Biomass as a viable bio-refinery feedstock



found in large amounts of biomass. Biofuels may be produced from lignocellulosic
biomass. High-value bio-chemicals such as gums, alkaloids, resins, plant acids,
rubber, tannin, waxes, triglyceride, terpenes, steroids, terpenoids, and other second-
ary metabolites are found in little amounts in plants (Ragauskas et al. 2006a, b).
Using an integrated processing approach, secondary metabolites may be used to
make high-value compounds such as food flavors, feeds, medicines, cosmeceuticals,
and nutraceuticals, among other things.
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11.3 The Full-Scale Operation of the Bio-refinery Concept

A bio-refinery is a renewable version of a crude oil refinery, with the primary
distinction being the raw material used. Biomass may be turned into a variety of
chemicals and energy carriers in a bio-refinery, and it can also help to build a circular
economy; this notion is based on the idea that lignocellulosic materials used to make
biobased goods can be recovered (to a degree) and recycled (Capolupo and Faraco
2016). Biorefining is defined as “the viable conversion of biomass into a range of
marketable biobased goods and bioenergy” by International Energy Agency (2012).
When it comes to a large-scale production plant, however, the many types of raw
materials provide a significant difficulty. Figure 11.5 depicts a schematic diagram of
a possible bio-refinery for the synthesis of energy carriers and chemicals.

Fig. 11.5 A schematic overview of potential energy carriers and chemicals is produced in a
bio-refinery
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Some significant considerations have been made in order for the bio-refinery idea
to become a viable path toward a society that is less reliant on fossil fuels.
Bio-refineries are an important part of the future integration of fuels, food,
chemicals, and energy production.

11.4 Biobased Chemicals

Biobased products are often believed to be greener substitutes to crude oil-based
materials, which are non-biodegradable, have the potential to harm animal and
marine life, and, for the most part, have an intrinsically hazardous life cycle from
manufacture to disposal (Werpy and Petersen 2004; Chemical and Engineering
News 2006). Biobased products are commonly marketed as being made from
“renewable” resources, even though biomass production requires nonrenewable
inputs, such as fossil fuels, and locks up other limited resources like land and
water. The notion that biobased products are more environmentally friendly than
their crude oil-based equivalents is being extensively investigated (Frankfurt 2011;
US Department of Agriculture 2008).

The quantity and variety of compounds that may be generated using a biomass
source and/or bioprocessing method are astounding. The US Department of Energy
selected 12 compounds or chemical classes in 2004 as possible building blocks from
which numerous value-added chemicals might be made. Because of this variety, it is
hard to develop a policy framework that is the same for extremely low production
volume compounds like enzymes and a biobased version of ethylene, the world’s
greatest production volume organic molecule.

11.4.1 Cost and Performance of Biobased Chemicals

It is hard to sell biobased compounds only on the basis of their environmental
credentials. In a world where the triple-bottom-line is king, economics and societal
concerns must also favor bio-over petrochemicals. This, however, implies that this
relatively new business will have to compete directly with the petrochemicals
industry, which has had decades to refine its methods. As a result, if biobased
chemicals provide a long-term triple-bottom-line benefit, society should anticipate
having to reward the sector until it can compete on price and performance.

By disrupting these chemical connections, biomass can be used as a prospective
energy resource for humans. Biomass is considered a viable energy source, thus
making use of this perspective energy resource is a significant focus of study. The
simplest and most popular approach is to convert this energy into heat through a
simple combustion process. The present focus is on turning biomass into a form with
a greater energy value as a crude oil fuel alternative. Biomass has been studied in a
variety of ways, and first-generation biofuels have even experienced success in



industrial settings. Biodiesel, ethanol, and tiny quantities of biogas are among the
first-generation biofuels produced. The present biofuel industry, on the other hand, is
dominated by fuels generated from food sources, which has caused heated discus-
sion about their influence on biodiversity, land usage, and competition with food
crops. Furthermore, others argue that first-generation biofuels do not achieve the
greatest reduction in greenhouse gas emissions. This chapter will concentrate solely
on the context of fuels generated from the processing of lignocellulosic biomass
(LCB), often known as second-generation biofuels, for the reasons stated above.
Forest remnants that are developed, especially to create bioenergy, agricultural
leftovers like maize stover, rice, wheat straw, etc. are also sources of LCB.
Second-generation biofuels are presently not cost-competitive and are not being
produced commercially. Many of the issues presented by first-generation biofuels
appear to be addressed by the creation of second-generation biofuels. Biomass is
made up of several kinds of lignin in addition to varied quantities of hemicellulose,
lignin, and cellulose. As a result, any effort to use biomass in a processing atmo-
sphere must be strong enough to accept the diversity of biomass forms.

354 V. Sridevi et al.

The availability of various forms of lignocellulosic materials varies greatly
between countries and continents. Forests are numerous in certain areas, whereas
agricultural plants are more frequent in others. The composition of lignocellulosic
components varies depending on the species. The fundamental components, how-
ever, are essentially the same, but the amounts of specific carbs, aromatics, and other
compounds vary: around 50–60% are carbohydrates, 20–30% lignin, and the
remainder is extractives, fatty acids, ash, etc. (Ståhl et al. 2018). The fundamental
components, however, are essentially the same, but the amounts of specific carbs,
aromatics, and other compounds vary: around 50–60% are carbohydrates, 20–30%
lignin, and the remainder is extractives, fatty acids, ash, etc. (Sjöström 1993).
Hemicelluloses have higher hydrophilicity than cellulose, making them simpler to
hydrolyze. Lignin is the most important non-carbohydrate component of lignocel-
lulosic materials, with a complex structure of aromatic compounds. It is linked to
both cellulose and hemicelluloses, and it is a big reason why lignocellulosic mate-
rials are so strong.

11.5 Biomass Pre-treatment’s Objectives

The primary focus of the biomass pre-treatment phase has altered in recent years;
before, the primary focus was on using lignocellulosic materials for bioethanol
synthesis. The other major components, lignin, and hemicelluloses drew less atten-
tion. Today, it’s critical to figure out how to increase the total yield of the important
chemicals found in lignocellulosic materials. Pre-treatment techniques that allow for
effective carbohydrate and lignin recovery are desirable; however, this is dependent
on the circumstances and the ultimate product. The energy requirements of the
manufacturing process must be satisfied in any case, either by externally or internally
integration of high-energy streams, such as in a pulp mill where surplus lignin is the



primary source of process energy. It is anticipated that between 20% and 30% of the
lignin in an efficient mill is accessible for purposes apart from internal energy
requirements (Mistra, 2003).
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11.5.1 Lignocellulosic Biomass Physical and Chemical
Characteristics

Agricultural wastes are sometimes known as biomass or lignocellulosic materials.
While referring to high-grade plants, such as soft or hardwood, the phrase “ligno-
cellulosic biomass” is used. Hemicellulose, lignin, and cellulose are the major
components of lignocelluloses, with minor quantities of pectin, protein, extractives,
ash, and water. Within the lignocellulose complex, cellulose is essential for the
crystalline fiber structure, hemicellulose is located between the cellulose chains, and
lignin is essential for the matrix’s structural role (Srivastava and Lisle 2004).

Cellulose is the most important structural component of plant cell walls, provid-
ing chemical and mechanical stability. The process of photosynthesis absorbs solar
energy and stores it as cellulose. Whereas hemicellulose is a co-polymer of various
C5 and C6 sugars; lignin, on the other hand, is an aromatic compound polymer that
provides a protective coating for plant walls (Fig. 11.6).

11.6 LCB Pre-treatment Technologies

The major objective of LCB pre-treatment is to break the refractory structure to
allow enzyme access in subsequent downstream processing, as shown in Fig. 11.7.
There are a variety of ways to achieve this, and each technique has various outcomes.
Enzymatic hydrolysis, for example, may necessitate the removal of hemicellulose
due to the lack of hemicellulases, but consolidated bioprocessing makes use of
organisms that naturally release hemicellulases and can efficiently manage hemicel-
lulose (Bhardwaj and Verma, 2021). Each of these processes might make use of
biomass that has been pretreated differently. As a result, identifying a single
pre-treatment strategy that will serve as the industry’s “gold standard” is nearly

Fig. 11.6 Structure of cellulose molecule



impossible. However, the advantages and disadvantages of each will be recognized,
and this knowledge may be utilized to develop a system-wide biomass use strategy.
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Fig. 11.7 Pre-treatment of LCB

Pre-treatment is required to break the microstructure of lignocellulosic biomass,
which is made up of hemicellulose, lignin, and cellulose, to make carbohydrates
more available. The goal of pre-treatment is to eliminate lignin and hemicellulose,
lessen cellulose crystallinity, and enhance biomass porosity. A good pre-treatment
must prevent the degradation of carbohydrates, as well as the emergence of inhib-
itors to the resulting hydrolysis and fermentation processes, while also improving the
creation of sugars or the capacity of pretreated material to form sugars by water
treatment, all while remaining cost-effective. The optimal pre-treatment relies on the
expected usage of the primary biomass components, among other things. Physical,
chemical, and biological pre-treatments, as well as combinations of these, are
classified as physical, chemical, and biological pre-treatments, with physicochemical
pre-treatments receiving special attention.

11.6.1 Mechanical Comminution

The goal of mechanical pre-treatment of biomass is to improve its digestibility.
Cutting, grinding, etc. are some of the mechanical methods which can be used to
minimize particle size, enhance the accessible specific surface area, through various
fractions. In terms of energy consumption, this approach has certain drawbacks. The
energy needs for mechanical comminution are determined by the desired end particle
size and biomass properties.

11.6.2 Steam or Water Vapor Explosion

The most frequent physicochemical technique of biomass preparation is steam or
water vapor explosion. Biomass is to be treated by high-pressure steam and then



rapidly decompressed in this technique. Following that, an explosive reaction
occurs, culminating in the breakdown of hemicellulose and the rupture of the lignin
matrix. The crystallinity of cellulose may decrease, and the surface area of the
substrate may rise, increasing cellulose digestibility (Li et al. 2007).
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11.6.3 Liquid Hot Water Pre-treatment (LHW)

Liquid hot water (LHW) procedures are biomass pre-treatments that employ pres-
sure to maintain extreme temperatures (160–240 �C) in water. LHW used water as a
reaction medium at relatively high reaction temperatures. The liquid state is
maintained by increasing the pressure. Changing the process temperature and pres-
sure alters the dielectric strength and ionic product of LHW and effectively removes
hemicelluloses from the lignocellulosic matrix at 220 �C. Increasing Ro (severity
factor measures the combined effect of temperature and time in each pre-treatment)
increases the yield of undesired by-products. Hence, compromise must be found
between biomass solubilization and concentration of undesired degradation product.

11.6.4 Ammonia Fiber Explosion (AFEX)

AFEX is a physicochemical pre-treatment in which lignocellulosic biomass is
treated for a length of time with high pressure and temperature for liquid ammonia,
and then the pressure is rapidly decreased. The AFEX technique is quite similar to
the processing of steam explosions. The chemical action of ammonia under pressure
causes the biomass to expand, resulting in an increase in accessible surface area and
a decrease in cellulose crystallinity at the same time (Mosier et al. 2005a, b).

11.6.5 CO2 Explosion Pre-treatment

The pre-treatment procedure for carbon dioxide explosions is comparable to steam
and AFEX. It was created in an attempt to enhance lignocellulosic biomass
pre-treatment by using a green, low-temperature, and low-cost technique.

11.6.6 Wet Oxidation Pre-treatment (WOP)

By oxidizing soluble suspended materials with oxygen at elevated temp
(150–350 �C), wet oxidation pre-treatment was utilized in the industry for



wastewater treatment and soil remediation (Zerva et al. 2003). It was later proposed
as an alternative to steam explosion for the processing of lignocellulosic biomass.
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11.6.7 Acid Hydrolysis

Strong acids, such as sulfuric acid, have also been used to treat lignocellulosic
materials since they are potent cellulose hydrolysis agents that do not require the
use of enzymes to achieve acid hydrolysis and generate fermentable sugars. They are
poisonous, dangerous, and corrosive, which makes the pre-treatment procedure
highly costly.

11.6.8 Peroxyformic Acid

Peroxyformic acid pre-treatment is a chemical pre-treatment technique for oxidative
delignification. By combining formic acid with hydrogen peroxide in situ,
peroxyformic acid is produced. This combination is then supplemented with ligno-
cellulosic biomass and left to sit for many hours. Formic acid dissolves hemicellu-
lose chains and functions as a solvent for lignin. Peroxyformic acid causes oxidative
delignification by increasing lignin solubility. The temperature of the reaction is
raised and the majority of the delignification happens. Any residual lignin is
degraded in the last step.

11.6.9 Alkaline Hydrolysis

Pre-treatment of lignocellulosic materials is possible with certain bases. Alkaline
pre-treatment treatments are appropriate. Sodium hydroxide or lime (calcium
hydroxide) is commonly utilized. The biomass is soaked in an alkaline solution
and combined for a period of time at a low temperature in the alkaline pre-treatment.
Other pre-treatment processes use higher temperatures and pressures, but alkali
pre-treatment uses lower temperatures and pressures. It can be done under normal
settings, but it takes a long time to process.

11.6.10 Ozonolysis

The lignin composition of lignocellulosic biomass, as well as trash, is reduced by
ozone pre-treatment. During carbohydrate breakdown, lignin absorbs the majority of



ozone. The degradation is primarily restricted to lignin, however, hemicellulose is
impacted in a little way, while cellulose is unaffected.
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11.6.11 Organosolv Pre-treatment

The use of organic and aqueous organic solvent mixtures having inorganic acid
catalysts is used to pretreat lignocellulosic biomass using organic solvents. Catalysts
can also be organic acids like oxalic acids. Methanol, acetone, and ethylene glycol
are common solvents. Pre-treatment is generally done at a high temperature (up to
200 �C) and under high pressure (Chen et al. 2015; Kabir et al. 2015). With alcohol,
the catalytic process is identical to that of the autohydrolysis pre-treatment. Lignin
and lignin–carbohydrate linkages are hydrolyzed by the solvent. Lignin is eliminated
in large amounts, and hemicellulose is almost entirely dissolved, while cellulose
remains solid. Organic acid pre-treatment accelerates delignification and hydrolysis
of cellulose, as well as lignin breakdown, by dissociating hydrogen ions. At high
temperatures, the inclusion of a catalyst is not required in this situation. A large
portion of soluble carbohydrates is broken down further into by-products like
furfural, which hinder fermentation bacteria.

11.6.12 Biological Pre-treatment

Biological pre-treatment is a secure and ecologically acceptable pre-treatment that
involves the use of enzymes produced by fungi and bacteria that can transform
lignocellulosic biomass into more easily hydrolyzed chemicals. To break down
lignin, hemicelluloses, polyphenols, etc., microorganisms are employed. Brown
rots target cellulose primarily, whereas white and soft rots target both cellulose
and lignin. Lignin degradation enzymes are involved in the process of lignin
breakdown (Eggert et al. 1997). Table 11.3 lists the benefits and drawbacks of
several lignocellulose biomass processes.

11.7 Organosolv Technology Outperforms Other
Pre-treatment Methods

Early elimination of the raw material into smaller components is critical to both
processes, allowing intermediates to be more adaptable and easier to utilize than the
raw material itself. natural gas and crude oil are transformed into fuels through
physical separations through cracking as well as chemical transformation.
Pre-treatment is a term used to designate similar activities that allow biomass



downstream processing in a bio-refinery. Pre-treatment methods have been created
and evaluated in a wide range of ways (Mosier et al. 2005a, b). Future bio-refineries
will adopt the petrochemical industry’s paradigm, combining the production of
low-value fuel with the manufacture of high-value chemicals generated from each
of lignocellulose’s major components.
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Table 11.3 Different pre-treatment techniques for lignocellulose biomass: advantages and
drawbacks

Pre-treatment
technique Advantage Drawback

Milling The level of polymerization and
crystallinity of cellulose are
decreasing
Particle size reduction to improve
specific surface area and pore size

More power and energy consumption

Steam explosion Hemicellulose solubilization, lignin
transformation are the results
The two-step technique produces
more glucose and hemicellulose

Generation of toxic compounds
Partial hemicellulose degradation

Liquid hot water Biomass size reduction is not
needed
No chemicals or corrosion-resistant
materials are generally required

High energy and water requirements
Formation of toxic compounds

Ammonia filter
expansion
(AFEX)

Increase accessible surface area
Low inhibitors formation.
Does not require a small particle size
of biomass

Not that much is effective for the
biomass having high lignin content
High cost of large amounts of ammo-
nia
Very high-pressure requirement

CO2 Blast Improve accessible surface area
Low cost
No inhibitory compounds
Not flammable
Easily recoverable after extraction

Pressure requirements are high

Wet oxidation More degree of solubilization of
hemicellulose and lignin

High cost of oxygen and alkaline
catalyst

Concentrated
acid

High glucose yield
Ambient temperatures

High cost of acid
Corrosion-resistant equipment is
required

Diluted acid Recovery of sugars at the end of the
process is high

The concentration of reducing sugars
is relatively low degradation products

Alkali The reduced degree of polymeriza-
tion and crystallinity of cellulose
Disruption of lignin structure

High cost
Not used for large-scale plants

Ozonolysis Successfully removes lignin content Cost of ozone is more

Organosolv Cause lignin and hemicellulose
hydrolysis

High cost

Biological Reduction in the degree of poly-
merization of cellulose
Partial hydrolysis of hemicelluloses

Reduced process rate
Treatment rate is less
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As a result, pre-treatment procedures will need to place a much higher focus on
the yield and purity of the various bio-refinery process streams utilized in chemical
synthesis. While more selective techniques may incur greater costs, the capability to
combine valuable chemical products into an integrated operation will generate a
revenue stream capable of covering the expense of improved selectivity upfront
(Bozell 2008). Pre-treatment processes optimized for an integrated bio-refinery will
demonstrate selective dissociation of each constituent of a biomass feedstock, easiest
access to and segregation of the constituents after separation, high yield recuperation
of each component, process components ready for transformation to chemicals with
minimal purification. Pre-treatments with organosolv often satisfy these criteria.
Pre-treatment of the cellulosic with solvents has been the topic of many reviews
covering technique and mechanism and was first mentioned in a patent in 1932
outlining the use of ethyl alcohol for wood segregation (Zhao et al. 2009a, b;
McDonough 1993; Kleinert and Tayenthal 1932; Johansson et al. 1987; Jimenez
et al. 1999). Several feedstocks have been utilized with formic acid, acetic acid, and
peroxyformic acid (Poppius-Levlin et al. 1991). Organosolv methods are typically
omnivorous in terms of the raw material they work with and have been used to
pretreat hardwoods, softwoods, and grasses (Pan et al. 2006; Munoz et al. 2007;
Jimenez et al. 2008). Organosolv technology has a variety of benefits over more
traditional pulping methods, according to reports. Organic solvents lower the vis-
cosity of the pre-treatment medium, allowing for better penetration into the biomass,
more effective lignin removal, and less lignin recondensation and molecular weight
rise during fractionation (Oliet et al. 2002; Pye and Lora 1991; Sarkanen 1990).
Although cellulose separated from eucalyptus following an ethyl alcohol
pre-treatment has been observed to have redeposited lignin, the presence of solvent
can delay the redeposition of lignin onto the other biomass components once the
separation is complete. pH control or alkali washing of the cellulose has been used to
combat redeposition (Oliet et al. 2001; Xu et al. 2007; Paszner and Cho 1989; Zhang
et al. 2007). Organosolv cellulose is more easily purifiable. This is essential in the
paper industry as a solution to environmental concerns related to pulp bleaching, as
well as in the chemical sector, which typically demands high purity starting mate-
rials. Furthermore, as compared to cellulose produced utilizing traditional methods
such as kraft or soda, the cellulose had better bleachability and viscosity retention.
Organosolv cellulose’s enhanced characteristics have been used in the manufacture
of viscose and carboxymethylcellulose (Cronlund and Powers 1992; Shatalov and
Pereira 2007; Sixta et al. 2004; Ruzene et al. 2007).

11.7.1 Different Solvents for Organosolv Pulping

The need for more viable manufacturing techniques for commodities like paper and
cardboard has increased as industrialized countries’ environmental consciousness
has grown. Traditional pulping methods generate enormous volumes of polluting
waste known as “black liquor.” As a response to this, the experts are increasingly



focusing on developing new pulping processes. These processes, which are referred
to as “organosolv processes” in general, allow for the manufacture of high-quality
pulp and paper with minimal capital investment, high yield. Because alcohol is the
most commonly used solvent for organosolv pulping, this chapter examines the
limited research that has been done thus far on the use of other solvents.
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The first scientific reference to organic solvent delignification originates from
1893. Organosolv methods accepted the dominance of classic chemical pulping
techniques in those days. During the 1970s, however, scientists began to find
alternatives to the traditional methods’ numerous disadvantages, including foul
aromas. Initially, efforts were concentrated on improving the pulping process;
later, alternative methods that did not utilize sulfur as a reagent was created.
However, these efforts ran into additional issues, such as the difficulty in recovering
chemicals and the waste’s contaminating character. New organic solvent-based
methods began to develop in the 1980s. The fact that they could make the best use
of the raw materials was their biggest advantage. Despite the fact that the Kraft
process was still in use in the 1990s, the global environmental concerns it produced
and the large expenditures required concluded that other pulp manufacturing
methods must be developed. The Kraft or sulfate process is the most widely used
pulping method in the industry. Wood, particularly softwood is by far the basic raw
material for this procedure, whose main drawback is that a few of them have high ash
content, which also causes serious troubles in black liquor recovery circuits.
Although the true agent that works during the delignification reaction is the sulfur
that is produced, sodium sulfate is used as a replacement reagent in this procedure.
The process may be separated into two parts: (i) pulp manufacturing and
(ii) chemical recovery. Some of the black liquid from Kraft pulping can be
recirculated and utilized as a pulping solution. In certain situations, black liquor
can make up 40–60% of the pulping solution without impacting the pulping yield or
the properties of the pulps produced. By doing so, a portion of the reagents may be
reused without an expensive evaporation step, the chemicals’ penetration into the
chips is aided, and the black liquor’s heat energy is used.

The best pre-treatment technique should be chosen based on feedstock properties
such as relative hemicellulose, lignin, and cellulose proportions, as well as manu-
facture capability and intended product kinds. Organosolv pre-treatment has recently
received more attention due to its effectiveness in eliminating refractory particles
from lignocellulosic biomass. The major advantage of organosolv pre-treatment is its
capacity to take out pure lignin, known as organosolv lignin, which is then used as a
useful co-product rather than an unwanted by-product. As a result, a viable and
renewable energy market is formed, with economic and decarbonization advantages.
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11.8 Overview of Organosolv Pre-treatment

The technique of extracting lignin from lignocelluloses using organic solvents is
known as organosolv pulping. Organosolv pulping has piqued attention since the
1970s, owing to the fact that traditional pulping processes, such as Kraft and sulfite,
have severe drawbacks. Pre-treatment with organosolv is comparable to pulping
with organosolv; however, the level of delignification for pre-treatment is not needed
to be like that of pulping. Likewise, organosolv pre-treatment provides the following
benefits: (i) organic solvents are easy to distill and reuse for pre-treatment;
(ii) chemical recovery in organosolv pulping procedures may separate lignin as a
solid substance and carbohydrates as syrup, both of which have potential as chemical
feedstocks (Aziz and Sarkanen 1989). Organosolv pre-treatment appears to be more
viable for lignocellulosic biomass bio-refinery, which addresses the use of all
biomass components. The organosolv pre-treatment does, however, have certain
disadvantages. To shun the accumulation of dissolved lignin, which leads to com-
plex washing arrangements, pretreated particles must always be washed with an
organic solvent prior to water washing. Organic solvents are usually costly, therefore
as much as feasible should be recovered, but this increases energy consumption. Due
to the volatility of organic solvents, organosolv pre-treatment must be done under
effective supervision. Because of the inherent fire and explosion risk, no digester
leaks may be permitted. As a result, organosolv pre-treatment is now too costly to be
utilized for biomass pre-treatment. It may be carried out in a wide range of organic
solvent systems using additional catalysts at temperatures ranging from 100 to
250 �C, whereas organic peracid pre-treatment may be carried out at much lower
temperatures. Solvents with low boiling points, as well as a range of alcohols with
greater boiling points and other groups of organic molecules, have been investigated.
It is thought that organic acids produced from the biomass function as catalysts for
the breakdown of the lignin–carbohydrate bond in most organosolv procedures if the
pre-treatment is carried out at greater temperatures, while acid catalysts are intro-
duced, however, the level of delignification is enhanced, resulting in greater xylose
yields. Mineral acids are effective delignification catalysts, whereas organic acids
can also be employed. The majority of hemicellulose and lignin is dissolved,
whereas cellulose remains solid. To cut costs, the organic solvents which were
used must be recycled. Solvents, on the other hand, must be removed from the
system since they may impede the development of organisms, enzymatic hydrolysis,
and fermentation. Dry lignin, an aqueous hemicellulose stream, and a reasonably
pure cellulose fraction are all separated by the organosolv process.
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11.9 The Chemistry of Organosolv Delignification

Organosolv pulping is gaining popularity due to its potential for cost-effectively
increasing additional pulp production capacity as well as potential environmental
benefits. Delignification of wood in non-aqueous media, also known as organosolv
pulping. Since the idea was established early in the century, it has been the focus of a
lot of research. Much of this activity has occurred in recent years, however, and most
has been empirically directed toward the identification of efficient solvent systems
and optimum process conditions. Until recently, very little work is done regarding
fundamental aspects of these systems, so little detailed information is available on
their mechanisms. On the other hand, the mechanisms of the Kraft and sulfite
pulping processes and their variants have been studied in detail, and there has
been considerable basic work on non-aqueous lignin solvolysis, although most of
it has not been primarily directed at understanding the related industrial processes.
For example, numerous studies have been done to elucidate lignin structure by
analyzing its solvolysis products. As a result, there exists a substantial amount of
information that can serve as a basis for inferences concerning organosolv pulping
mechanisms. In addition, increased levels of basic research on the subject during the
past few years have added to a growing store of theoretical knowledge that should
facilitate further development of organosolv pulping technology.

11.9.1 The Nature of Organosolv Pulping

Traditional chemical pulping techniques rely on the capacity to gradually break
down and alter the lignin macromolecule until the resultant molecular fragments are
small enough to dissolve in the aqueous pulping fluid for them to be effective. It’s
possible that organosolv pulping delignifies by physically dissolving lignin without
first chemically fragmenting it by substituting most or all of the water with an
organic solvent. In reality, no solvent has yet been discovered that can achieve this
desired result, and all organosolv methods rely on chemical lignin breakdown before
dissolving it.

11.10 Advantages and Disadvantages of Organosolv
Pre-treatment

Traditional pulping methods, yield good-quality pulps with a huge cellulose con-
centration, whereas liquid lignin-hemicellulose fractions comprising 50–55 % dry
weight of lignocellulosic biomass are utilized by low-value applications such as
direct burning (Vila et al. 2003a, b; Xu 2006). Organosolv pre-treatment is an
improved pulping technique used in the manufacture of second-generation



bioethanol (Mesa 2011). It is a biomass pre-treatment process that primarily elimi-
nates lignin and hemicellulose while also making cellulose more digestible
(Cybulska 2015). It is very efficient when used with lignocellulosic biomass for
refractory material removal and cellulose saccharification (Zhang et al. 2016; Pande
and Bhaskarwar 2012; Jimenez 2004; Garcıa et al. 2014). Furthermore, it leads to an
enlarged surface area and huge pore volume (Zhao et al. 2009a, b). Because the
lignocellulosic biomass’s stiff structure is broken down, the hydrolysis time is
decreased and enzyme usage is lowered (Geng et al. 2012; Kim and Pan 2010).
Table 11.4 summarizes the basic benefits and drawbacks of organosolv
pre-treatment. The basic mechanism of organosolv pre-treatment is to handle ligno-
cellulosic biomass with an organic solvent with or without a catalyst, in order to
separate lignin fractions in a liquid state from cellulose fractions in solid form (Sun
and Cheng 2002; Taherzadeh and Karimi 2008). Figure 11.8 depicts the overall flow
diagram of the organosolv pre-treatment. Solvent and water are combined to provide
a solvent’s concentration of 35–70% then added to the lignocellulosic biomass with
such dry biomass to solvent/water mix proportion between 1:4 and 1:10. To speed up
the process, a catalyst can be introduced. In general, the working temperature range
is 120–200 �C, the pulping duration is 30–90 min, and the median pH is 2–3.8 (Koo
2011; Behera 2014; Kumar 2009). During the organosolv process, lignin bonds and
lignin-carbohydrate linkages hydrolyze, resulting in a solid phase mostly composed
of cellulose and hemicellulose. To prevent lignin precipitation, this prepared mate-
rial must be rinsed with an organic solvent.
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Following this, the pretreated material is washed using water to eliminate the
organic solvent. Following this, filtering separates the solid and liquid phases, and
the pretreated solid is transported to a saccharification and fermentation reactor to
generate bioethanol. Waste liquor is mostly composed of ethanol, water, other
by-products. The wasted liquor is pumped into a distillation column to recover the
solvent. The solvent-free liquid is diluted using water after distillation to precipitate
the lignin, which is subsequently separated by filtering from water-soluble fractions.

Table 11.4 Advantages and disadvantages of organosolv pre-treatment

Advantage Disadvantage

• As a feedstock, both woody and
non-woody biomass might be utilized
• The yield of enzymatic hydrolysis is

increased when lignin is separated
• The amount of water, energy, and

reagents required is smaller than that of other
pre-treatment techniques
• Solvents may be recovered simply
• Small-scale applications are less expen-

sive than other pre-treatment techniques
• The environmental effect is considerably

reduced because it is Sulfur-free
• By-products are transformed into valu-

able goods

• High solvent usage is required. As a
result, solvents must be recovered

• Energy usage rises as a result of solvent
recovery

• Due to the volatile nature of the compo-
nents, process control must be exercised with
utmost caution



It is rinsed in water to eliminate impurities before being dried to produce high-purity
lignin. Because all of the biomass molecules involved are quickly translatable to
high-grade fuels and chemicals. It is one of the most ideal pre-treatment procedures
for use in LCF bio-refineries (Li 2012; Perttunen et al. 2001). Furthermore, the
moderate pre-treatment conditions of temperature, pressure, and pH reduce the
quantity of carbohydrate breakdown. In the solid phase of the organosolv
pre-treatment, nearly pure cellulose is produced with just a little degradation,
while hemicellulose and lignin are formed in the liquid phase. In the solid phase,
the main constituents are glucan (60–65%), Klason lignin (25–30%), xylan
(5–10%), arabinan (0.1–3%), and acetylated forms (1–3%), and in the liquid
phase, monosaccharides, oligosaccharides, and degradation products. The concen-
tration. of these components varies depending on the kind of feedstock used and the
operating circumstances (Ruiz 2011). Furfural, HMF, etc. are among the main
hemicellulose degradation products in increased bioethanol production efficiency
(Wang 2012; Sannigrahi et al. 2010; Hallac et al. 2010; Lloyd andWyman 2005; Pan
et al. 2005). In contrast to typical pre-treatment procedures, organosolv
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Fig. 11.8 The diagram of the pre-treatment of organosolv



pre-treatment produces a high yield of hemicelluloses. A variety of useful chemical
compounds such as bioethanol, furfural, and xylitol may be produced from this.

11 An Overview on Organosolv Production of Bio-refinery Process Streams. . . 367

The advantages of employing organic solvents for the delignification of certain
cellulose materials are highlighted. The main features of published organosolv
pulping techniques are described, and softwood pulp yields and strengths are
compared to equivalent values of Kraft and sulfite pulps. Despite these benefits,
the Kraft method has some significant disadvantages. Some of them, such as the
issue of malodorous material emissions, are so serious that they have effectively
prevented the Kraft process from being implemented in Germany.

One more significant issue is connected to the product; while better in terms of
strength quality, Kraft pulp needs a very efficient bleaching process in order to
achieve the necessary levels of brightness. As a result of colorful and poisonous
effluents, particularly chlorinated lignin particles from bleaching, severe water
pollution issues have arisen. At the opposite end of the spectrum, technological
constraints permit the max size of the boiler, resulting in most contemporary mills
today aiming for a modular size of close to 300,000 tonnes of pulp per year.
Although the Kraft process employs dissolved organics as fuel, making it energy
self-sufficient, the bulk of the energy generated is required for the concentration of
these wasted liquors before combustion. Furthermore, lignin alone accounts for the
higher calorific value of the dissolved material. Chemical pulp mills employing
traditional technology have grown prohibitively costly. There is an obvious need to
create innovative pulping technologies to minimize the amount of capital required to
establish new chemical pulp mills while also using less wood, energy, and
chemicals. One solution to current difficulties is to remove lignin from lignocellu-
losic raw material using organic solvents rather than reacting with inorganic
chemicals. The significant conceptual benefit of employing an organic solvent for
lignin

11.11 Organosolv Pre-treatment for Biofuel Production

The second generation biofuels derived from lignocellulosic biomass are commonly
regarded as a means of meeting future transport needs without raising food costs
(Field et al. 2008). Because lignin cannot be fermented, the utilization of lignocel-
lulosic materials results in lignified leftovers that can be burned or used as
co-products. To make cellulose to be saccharified for fermentation, lignin must be
separated from cellulose during a pre-treatment phase (Bommarius et al. 2008; Zhu
et al. 2008). Typically, lignocellulosic biomass is pretreated in one or two stages to
fractionate the various polymers and enhance glucose yield (Pan et al. 2005;
Panagiotopoulos et al. 2013). Softwoods produced responsibly and away from
food markets are good raw materials for biofuel generation (Shuai et al. 2010). To
allow saccharification, their lignin content, which is generally 30% of the dry matter,
must be decreased. A delignification phase utilizing organosolv pre-treatment
increased softwood saccharification yields (Arato et al. 2005; Mabee et al. 2006).



Some organisms can ferment the saccharification products of non-cellulosic poly-
saccharides. However, xylose and, more specifically, its breakdown product furfural
are unusable or poisonous to many of the most often utilized bacteria (Pienkos and
Zhang 2009). As a result, pentosans and xylose may have a negative value rather
than being helpful co-products. The bio-refinery idea is based on the efficient
synthesis of a variety of commercially viable co-products, and realizing this concept
is a significant twenty-first-century problem (Ragauskas et al. 2006a, b). New
pathways to lucrative co-products would thus be pleasing, other than the possibilities
are dependent on the raw material (Pan et al. 2005).
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11.11.1 Organosolv: A Potential Pre-treatment Technology
for Bioethanol Production

When compared to the standard Kraft process, organosolv pulping methods provide
relatively few advantages. However, organosolv methods, which seek to delignify
and open the cell wall matrix, may prove to be promising (Kautto et al. 2013).
According to Murinen et al. (2000), a successful organosolv method for kraft process
substitution includes the following properties: (i) completely sulfur-free, (ii) most of
the lignin is dissolved with little loss, (iii) operating parameters should be kept to a
minimum, (iv) chemical recovery method that is both efficient and easy, (v) there are
no environmental issues, (vi) the process’s optimum size-tiny in comparison to the
kraft process, (vii) adaptable to a wide range of raw materials, (viii) recuperation of
useful by-products, (ix) superior pulp quality, (x) excellent bleachability without the
use of chlorine, (xi) elevated yield of pulp, (xii) the procedure consumes little
energy, and (xiii) the process has a closed chemical cycle.

The quest for pulping procedures that might meet the aforementioned parameters
resulted in the invention of numerous organosolv techniques capable of generating
pulp with characteristics similar to kraft pulp. The discussed technologies were all
pilot or full-scale tries, but none of them resulted in continuous production (Lora and
Aziz 1985; Young and Baierl 1985; Dahlmann and Schroeter 1990; Funaoka and
Abe 1989; Gottlieb et al. 1992; Hamelinck et al. 2005). Organosolv methods are thus
particularly appealing for non-woody raw materials, and at least one of them, the
formic acid procedure, has been commercialized (Rousu et al. 2002). The Lignofibre
(LGF) process is a unique flexible organosolv technique that meets the majority of
the parameters stated above, and it applies to both annual plants and wood raw
materials (Liitiä et al. 2011).
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11.12 Conclusions

Bio-refineries will be an important part of a resilient and viable economy, ideally
with feasible small-scale alternatives to help marginal and rural areas thrive eco-
nomically. The development of bio-refineries and bioprocesses for the manufacture
of biobased chemicals and polymers should be based on a sustainability assessment
that takes into account feedstock availability along with techno-economic, and social
implications. One of the most significant roadblocks to the development of effective
biomass-based bio-refineries that can race with existing crude oil refineries is the
proficient breakdown and transformation of lignocellulosic material into chemicals
and fuels. The discussed methods are all under research at the laboratory scale. In
comparison to other pre-treatment techniques, the organosolv pre-treatment enables
high-efficiency ethanol and lignin synthesis from biomass. The rate of
delignification of the solid phase, glucose retrieval yield from the solid phase, and
lignin retrieval yield from the liquid phase are three parameters that can be used to
describe the efficiency of the organosolv pre-treatment. The most significant chal-
lenge they confront is the cost of treatment procedures. To address this, first and
foremost, cost-cutting is required. Efficient solvent recovery, holding out the
organosolv reaction at the air pressure, efficient by-product recovery, identification
of marketplace for bioproducts, and rises in the sales price of value-added products
should all lead to more widespread industrial use of organosolv-based bio-refineries.
This will contribute significantly to the establishment of a viable green economy,
decarbonization, and climate change mitigation. The pulp business looks to be a very
attractive potential since it already has an effective method for separating the lignin
and extractives fractions from the polysaccharides; this cracking is highly appropri-
ate for bio-refinery applications and is required. For the manufacture of glucose and
its by-products, organosolv pre-treatments were effectively used to Sitka spruce
wood. This strategy is in line with the bio-refinery idea, which calls for the efficient
production of a variety of commercially viable co-products. The holistic use of
biomasses and the reduction of pre-treatment costs should be the emphasis of
prospective organosolv pre-treatment development. This may be accomplished by
lowering the quantity of organic liquid needed in pre-treatment, improving the value
of by-products, and optimizing the entire process, as well as certain other factors
connected to energy and chemical usage reduction. As a result, this study can give
some data and suggestions for future organosolv pre-treatment development.

References

Agrawal K, Verma P (2022) An overview of various algal biomolecules and its applications. In:
Shah M, Rodriguez-Couto S, De La Cruz CBV, Biswas J (eds) An integration of
phycoremediation processes in wastewater treatment. Elsevier Inc., pp 249–270. https://doi.
org/10.1016/B978-0-12-823499-0.00006-7

https://doi.org/10.1016/B978-0-12-823499-0.00006-7
https://doi.org/10.1016/B978-0-12-823499-0.00006-7


370 V. Sridevi et al.

Arato C, Pye EK, Gjennestad G (2005) The lignol approach to biorefining of woody bio-mass to
produce ethanol and chemicals. Appl Biochem Biotechnol 121:871–882

Aresta M, Dibenedetto A, Dumeignil F (2013) Bio-refinery: from bio-mass to chemicals and fuels.
Green Process Synth 2:87–88

Aziz S, Sarkanen K (1989) Organo solv pulping—a review. Tappi J 72:169–175
Behera S (2014) Importance of chemical pre-treatment for bioconversion of lignocellulosic

bio-mass. Renew Viable Energy Rev 36:91–106
Bhardwaj N, Verma P (2021) Microbial xylanases: a helping module for the enzyme biorefinery

platform. In: Srivastava N, Srivastava M (eds) Bioenergy research: evaluating strategies for
commercialization and sustainability, vol 27. Wiley Online, pp 2129–2152

Bhardwaj N, Kumar B, Agrawal K, Verma P (2021a) Current perspective on production and
applications of microbial cellulases: a review. Bioresour Bioprocess 8:1–34

Bhardwaj N, Agrawal K, Kumar B, Verma P (2021b) Role of enzymes in deconstruction of waste
biomass for sustainable generation of value-added products. In: Thatoi H, Mohapatra S, Das SK
(eds) Bioprospecting of enzymes in industry. Healthcare and sustainable environment. Springer,
Singapore, pp 219–250

Bommarius AS, Katona A, Cheben SE, Patel AS, Ragauskas AJ, Knudson K, Pu Y (2008)
Cellulase kinetics as a function of cellulose pre-treatment. Metab Eng 10:370–381

Bozell JJ (2008) Feedstocks for the future - bio-refinery production of chemicals from renewable
carbon. Clean-Soil Air Water 36:641

Capolupo L, Faraco V (2016) Green methods of lignocellulose pre-treatment for bio-refinery
development. Appl Microbiol Biotechnol 100(22):9451–9467

Chen H, Zhao J, Hu T, Zhao X, Liu D (2015) A comparison of several organosolv pre-treatments
for improving the enzymatic hydrolysis of wheat straw: substrate digestibility, fermentability
and structural features. Appl Energy 150:224–232

Clark JH, Budarin V, Deswarte FEI, Hardy JJE, Kerton FM (2006) Green chemistry and the
bio-refinery: a partnership for a viable future. Green Chemistry 8:853–860

Cronlund M, Powers J (1992) Bleaching of Alcell organosolv pulps using conventional and non
chlorine bleaching sequences. Tappi J 75:189

Cybulska I (2015) Organo solv fractionation of palm tree residues. Energy Procedia 75:742–747
Dahlmann G, Schroeter MC (1990) Pulping of spruce and pine with alcohol and alkali by the

organocell process. Tappi Pulping Conf Toronto 14–17:657–661
De Jong E, van Ree R, Sanders J, Langeveld JWA (2009) Bio-refinery. In: Langeveld H et al (eds)

The biobased economy: bio-fuels, materials, and chemicals in the post-oil era. Earthscan,
London, pp 111–130

Dermibas MF (2009) Bio-refineries for bio-fuel upgrading: a critical review. Appl Energy 86:S151–
S161. https://doi.org/10.1016/j.apenergy.2009.04.043

Dewulf J, Van Langenhoven H (2006) Renewables-based technology. Sustainability assessment.
John Wiley & Sons, Chichester. https://doi.org/10.1002/0470022442

Eggert C, Temp U, Eriksson KEL (1997) Laccase is essential for lignin degradation by the white-rot
fungus Pycnoporus cinnabarinus. FEBS Lett 407(1):89–92

Field CB, Campbell JE, Lobell DB (2008) Bio-mass energy: the scale of the potential resource.
Trends Ecol Evol 23:65–72

Frankfurt CIB (2011) Partner of industrial biotechnology, CIB Frankfurt (http://www.cib-frankfurt.
de/mm/CIB-Image-RZe-online.pdf)

Funaoka M, Abe I (1989) Rapid separation of wood into carbohydrate and lignin with concentrated
acid- phenol system. Tappi J 72:145–149

Garcıa A, Alriols GM, Labidi J (2014) Evaluation of different lignocellulosic raw materials as
potential alternative feedstocks in bio-refinery processes. Ind Crops Prod 53:102–110

Geng A, Xin F, Ip JY (2012) Ethanol production from horticultural waste treated by a modified
organosolv method. Bioresour Technol 104:715–721

Goswami RK, Agrawal K, Mehariya S, Molino A, Musmarra D, Verma P (2020) Microalgae-based
biorefinery for utilization of carbon dioxide for production of valuable bioproducts. In:

https://doi.org/10.1016/j.apenergy.2009.04.043
https://doi.org/10.1002/0470022442
http://www.cib-frankfurt.de/mm/CIB-Image-RZe-online.pdf
http://www.cib-frankfurt.de/mm/CIB-Image-RZe-online.pdf


Kumar A, Sharma S (eds) Chemo-biological systems for CO2 utilization. CRC Press, pp
203–228

11 An Overview on Organosolv Production of Bio-refinery Process Streams. . . 371

Goswami RK, Agrawal K, Verma P (2021) Microalgae-based biofuel-integrated biorefinery
approach as sustainable feedstock for resolving energy crisis. In: Srivastava M, Srivastava N,
Singh R (eds) Bioenergy research: commercial opportunities & challenges. Springer, pp
267–293

Gottlieb K, Preuss AW, Meckel J, Berg A (1992) Acetocell pulping of spruce and chlorine-free
bleaching. In: Solvent pulping symposium notes, Boston, pp. 35–39

Hallac BB, Pu Y, Ragauskas AJ (2010) Chemical transformations of Buddleja davidii lignin during
ethanol organosolv pre-treatment. Energy Fuels 24(4):2723–2732

Hamelinck CN, Van Hooijdonk G, Faaij APC (2005) Ethanol from lignocellulosic bio-mass:
techno-economic performance in short-, middle- and long term. Biomass Bioenergy 28:384–
410. https://doi.org/10.1016/j.biombioe.2004.09.002

Himmel ME (2008) Bio-mass recalcitrance. deconstructing the plant cell wall or bioenergy.
Blackwell, Oxford

Huber GW, Iborra S, Corma A (2006) Synthesis of transportation fuels from bio-mass: chemistry,
catalysts, and engineering. Chem Rev 106:4044–4098

Humbird D, Davis R, Tao YH, Kinchin C, Hsu DD, Aden A (2011) Process design and economics
for biochemical conversion of lignocellulosic bio-mass to ethanol.

International Energy Agency (2012) Task 42 bio-refinery. Definition bio-refinery. http://www.iea-
bioenergy.task42-bio refineries.com/activities/classification/.

Jimenez L (2004) Organo solv pulping of olive tree trimmings by use of ethylene glycol/soda/water
mixtures. Holzforschung 58(2):122–128

Jimenez L, Maestre F, Pere I (1999) Use of butanol-water mixtures for making wheat straw pulp.
Wood Sci Technol 33:97

Jimenez L, Perez A, De la Torre MJ, Rodriguez AB, Angulo V (2008) Ethylene glycol pulp from
tagasaste. Bioresour Technol 99:2170

Joelsson E, Erdei GM, Wallberg O (2016) Techno-economic evaluation of integrated first- and
second-generation ethanol production from grain and straw. Biotechnol Biofuels 9(1):1

Johansson A, Aaltonen O, Ylinen P (1987) Organosolv pulping—methods and pulp properties.
Bio-mass 13:45

Kabir MM, Rajendran K, Taherzadeh MJ, Horvath IS (2015) Experimental and economical
evaluation of bioconversion of forest residues to biogas using organosolv pre-treatment.
Bioresour Technol 178:201–208

Kautto J, Realff MJ, Ragauskas AJ (2013) Design and simulation of an organosolv process for
bioethanol production. Biomass Convers Biorefin 3:199–212. https://doi.org/10.1007/s13399-
013-0074-6

Kim DE, Pan X (2010) Preliminary study on converting hybrid poplar to high-value chemicals and
lignin using organosolv ethanol process. Ind Eng Chem Res 49(23):12156–12163

Kleinert TN, Tayenthal K (1932) Process of decomposing vegetable fibrous matter for the purpose
of the simultaneous recovery both of the cellulose and of the incrusting ingredients. U.S. patent
1:856- 567

Koo BW (2011) Characterization of by-products from organosolv pre-treatments of yellow poplar
wood (Liriodendron tulipifera) in the presence of acid and alkali catalysts. J Ind Eng Chem
17(1):18–24

Kumar P (2009) Methods for pre-treatment of lignocellulosic bio-mass for efficient hydrolysis and
bio-fuel production. Ind Eng Chem Res 48(8):3713–3729

Kumar B, Verma P (2021a) Life cycle assessment: Blazing a trail for bioresources management.
Energy Convers Manag: X 10:100063

Kumar B, Verma P (2021b) Biomass-based biorefineries: an important architype towards a circular
economy. Fuel 288:119622

Kumar B, Bhardwaj N, Agrawal K, Verma P (2020) Bioethanol production: generation-based
comparative status measurements. In: Srivastava N, Srivastava M, Mishra P, Gupta V (eds)

https://doi.org/10.1016/j.biombioe.2004.09.002
http://www.iea-bioenergy.task42-bio
http://www.iea-bioenergy.task42-bio
http://refineries.com/activities/classification
https://doi.org/10.1007/s13399-013-0074-6
https://doi.org/10.1007/s13399-013-0074-6


Biofuel production technologies: critical analysis for sustainability, Clean energy production
technologies. Springer, Singapore, pp 155–201

372 V. Sridevi et al.

Li MF (2012) Formic acid based organosolv pulping of bamboo (Phyllostachys acuta): comparative
characterization of the dissolved lignins with milled wood lignin. Chem Eng J 179:80–89

Li J, Henriksson G, Gellerstedt G (2007) Lignin depolymerization/repolymerization and its critical
role for delignification of aspen wood by steam explosion. Bioresour Technol 98(16):
3061–3068

Liitiä T, Mikkonen H, Uusitalo J, Tamminen T, Colodette JL (2011) Organosolv pre-treatment of
lignocellulosics for bioethanol production. In: 5th International Colloquium on Eucalyptus Pulp,
Porto Seguro-BA 9 (12): 12

Lloyd TA, Wyman CE (2005) Combined sugar yields for dilute sulfuric acid pre-treatment of corn
stover followed by enzymatic hydrolysis of the remaining solids. Bioresource Technology
96(18):1967–1977

Lora JH, Aziz S (1985) Organosolv pulping: a versatile approach to wood refining. Tappi Journal
68:94–97

Luoma P, Vanhanen J, Tommila P (2011) Distributed bio-based economy—driving viable growth.
Sitra. http://www.sitra.fi/julkaisu/2011/distributed-bio-based-economy

Mabee WE, Gregg DJ, Arato C, Berlin A, Bura R, Gilkes N, Mirochnik O, Pan X, Pye EK, Saddler
JN (2006) Updates on softwood-to-ethanol process development. Appl Biochem Biotechnol
129:55–70

Mazzarella VNG (2007) Jornada Madeira Energética-CapimElefante com Fonte de Energia no
Brasil: RealidadeAtual e Expectativas. IPT-BNDS, Rio de Janeiro. Maio de.

McDonough TJ (1993) The chemistry of organosolv delignification. Tappi J 76:186
Mehariya S, Goswami RK, Karthikeysan OP, Verma P (2021) Microalgae for high-value products:

A way towards green nutraceutical and pharmaceutical compounds. Chemosphere 280:130553
Mesa L (2011) The effect of organosolv pre-treatment variables on enzymatic hydrolysis of

sugarcane bagasse. Chem Eng J 168(3):1157–1162
Mistra (2003) The Eco-cyclic pulp mill. The foundation for strategic environmental research.

Report No.: KAM report A100
Mosier N, Wyman C, Dale B, Elander R, Lee YY, Holtzapple M (2005a) Features of promising

technologies for pre-treatment of lignocellulosic bio-mass. Bioresour Technol 96:673
Mosier N, Wyman C, Dale B, Elander R, Lee YY, Holtzapple M, Ladisch M (2005b) Features of

promising technologies for pre-treatment of lignocellulosic bio-mass. Bioresour Technol 96(6):
673–686

Munoz C, Mendonca R, Baeza J, Berlin A, Saddler J, Freer J (2007) Bioethanol production from
bio-organosolv pulps of Pinus radiate and Acacia dealbata. J Chem Technol Biotechnol 82:767

Muurinen E (2000) Organo solv Pulping, A Review and Distillation Study Related to Peroxyacid
Pulping. Dissertation, University of Oulu, Oulu. 314

News (2006) Production: growth is the norm. Chem Eng News 84:59–68
Oliet M, Rodriguez F, Garcia J, Gilarranz MA (2001) The effect of auto catalyzed ethanol pulping

on lignin characteristics. J Wood Chem Technol 21:81
Oliet M, Garcia J, Rodriguez F, Gilarrranz MA (2002) Solvent effects in autocatalyzed alcohol-

water pulping: comparative study between ethanol and methanol as delignifying agents. Chem
Eng J 87:157

Pan XJ, Arato C, Gilkes N, Gregg D, Mabee W, Pye K, Xiao ZZ, Zhang X, Saddler J (2005)
Biorefining of softwoods using ethanol organosolv pulping: preliminary evaluation of process
streams for manufacture of fuel-grade ethanol and co-products. Biotechnol Bioeng 90:473–481

Pan XJ, Gilkes N, Kadla J, Pye K, Saka S, Gregg D (2006) Bioconversion of hybrid poplar to
ethanol and co-products using an organosolv fractionation process: optimization of process
yields. Biotechnol Bioeng 94:851

Panagiotopoulos IA, Chandra RP, Saddler JN (2013) A two-stage pre-treatment approach to
maximize sugar yield and enhance reactive lignin recovery from poplar wood chips. Bioresour
Technol 130:570–577

http://www.sitra.fi/julkaisu/2011/distributed-bio-based-economy


11 An Overview on Organosolv Production of Bio-refinery Process Streams. . . 373

Pande M, Bhaskarwar AN (2012) In bio-mass conversion to energy. In: Baskar C, Baskar S,
Dhillon RS (eds) Bio-mass conversion: the interface of biotechnology, chemistry and materials
science. Springer, Berlin, Heidelberg, pp 1–90

Paszner L, Cho HJ (1989) Organosolv pulping—acidic catalysis options and their effect on fiber
quality and delignification. Tappi J 72:135

Paulino VT, De Lucenas TL, Possenti RA (2007) Capimelefante cv. Paraíso (Pennisetum
hybridum): Produção de matériaseca, composiçãoquímica e biológicaemdiferentesalturas de
corte. http://www.iz.sp.gov.br/artigos.php?ano=2007

Perttunen J, Myllykoski L, Keiski RL (2001) Lactic acdi fermentation of hemicellulose liquors and
their activated carbon pre-treatments. In: Hofman M, Thonart P (eds) Engineering and
manufacturing for biotechnology. Springer, Dordrecht, Netherlands, pp 29–38

Pienkos PT, Zhang M (2009) Role of pre-treatment and conditioning processes on toxicity of
lignocellulosic bio-mass hydrolysates. Cellulose 16:743–762

Poppius-Levlin K, Mustonen R, Huovila T, Sundquist J (1991) Milox pulping with acetic acid/
peroxyacetic acid. Paperi Ja Puu- Paper Timber 73:154

Pye EK, Lora JH (1991) The Alcell process—a proven alternative to kraft pulping. Tappi J 74:113
Ragauskas AJ, Williams CK, Davison BH, Britovsek G, Cairney J, Eckert CA, Frederic WJ, Hallett

JP, Leak DJ, Liotta CL (2006a) The path forward for bio-fuels and biomaterials. Science 311:
484–489

Ragauskas AJ, Williams CK, Davison BH, Britovsek G, Cairney J, Eckert CA, Frederick WJ,
Hallett JP, Leak DJ, Liotta CL, Mielenz JR, Murphy R, Templer R, Tschaplinski T (2006b) The
path forward for bio-fuels and biomaterials. Science 311:484–489

Rodrigues JAR (2011) From the mill to a bio-refinery: the sugar factory as an industrial enterprise
for the generation of bio-chemicals and bio-fuels. Química Nova 34:1242–1254. https://doi.org/
10.1590/S0100-40422011000700024

Rousu P, Rousu P, Anttila J (2002) Viable pulp production from agricultural waste. Resour Conserv
Recycl 35:85–103. https://doi.org/10.1016/S0921-3449(01)00124-0

Ruiz HA (2011) Development and characterization of an environmentally friendly process
sequence (autohydrolysis and Organosolv) for wheat straw delignification. Appl Biochem
Biotechnol 164(5): 629–641

Ruzene DS, Goncalves AR, Teixeira JA, De Amorim MTP (2007) Carboxymethyl cellulose
obtained by ethanol/water organosolv process under acid conditions. Appl Biochem Biotechnol
137:573

Sanford K, Chotani G, Danielson N, Zahn JA (2016) Scaling up of renewable chemicals. Curr Opin
Biotechnol 38:112–122

Sannigrahi P, Ragauskas AJ, Miller SJ (2010) Lignin structural modifications resulting from
ethanol organosolv treatment of loblolly pine. Energy Fuels 24(1):683–689

Sarkanen KV (1990) Chemistry of solvent pulping. Tappi J 73:215
Shatalov AA, Pereira H (2007) Polysaccharide degradation during ozone-based TCF bleaching of

non-wood organosolv pulps. Carbohydr Polym 67:275
Shuai L, Yang Q, Zhu JY, Lu FC, Weimer PJ, Ralph J, Pan XJ (2010) Comparative study of

SPORL and dilute-acid pre-treatments of spruce for cellulosic ethanol production. Bioresour
Technol 101:3106–3114

Sixta H, Harms H, Dapia S, Parajo JC, Puls J, Saake B (2004) Evaluation of new organosolv
dissolving pulps. Part I: Preparation, analytical characterization and viscose processability.
Cellulose 11:73

Sjöström E (1993) Wood chemistry. In: Sjöström E (ed) Wood chemistry, 2nd edn. Academic
Press, San Diego, p iv

Srivastava DC, Lisle RJ (2004) Rapid analysis of fold shape using Bezier curves. J Struct Geol 26:
1553–1559

Ståhl M, Nieminen K, Sixta H (2018) Hydrothermolysis of pine wood. Bio-mass Bioenergy 109:
100–113

http://www.iz.sp.gov.br/artigos.php?ano=2007
https://doi.org/10.1590/S0100-40422011000700024
https://doi.org/10.1590/S0100-40422011000700024
https://doi.org/10.1016/S0921-3449(01)00124-0


374 V. Sridevi et al.

Stephanopoulos G (2007) Challenges in engineering microbes for bio-fuel production. Science 5:
801–804

Sun Y, Cheng J (2002) Hydrolysis of lignocellulosic materials for ethanol production: a review.
Bioresour Technol 83(1):1–11

Taherzadeh MJ, Karimi K (2008) Pre-treatment of lignocellulosic wastes to improve ethanol and
biogas production: a review. Int J Mol Sci 9(9):1621–1651

Tao L, Aden A, Elander RT, Pallapolu VR, Lee YY, Garlock RJ (2011) Process and techno
economic analysis of leading pre-treatment technologies for lignocellulosic ethanol production
using switchgrass. Bioresour Technol 102(24):11105–11114

US Department of Agriculture (2008) US biobased products market potential and projections
through 2025. OCE-2008-01, USDA.

Vila C, Santos V, OJC P (2003a) Recovery of lignin and furfural from acetic acid–water–HCl
pulping liquors. Bioresour Technol 90(3):339–344

Vila C, Santos V, OJC P (2003b) Simulation of an organosolv pulping process: Generalized
material balances and design calculations. Ind Eng Chem Res 42(2):349–356

Vilela H, Rodriguez N, Dias Teixeira E (1997) Produções de forragem de um híbridohexaplóide
(Pennisetum glaucum X Pennisetum purpureum) e seu valor nutritivo. In: Anais da XXXIV
Reunião da SBZ, Juiz de Fora, Julho de.

Vilela H, Barbosa FA, Rodriguez N (2001) Qualidade das silagens de capimelefante Paraíso
submetidas a três tempos de emurchecimento. XXXVIII ReuniãoAnual da SociedadeBrasileira
de Zootecnia, Piracicaba, Julho de, Anais, pp 323–324

Wang K (2012) Organosolv fractionation process with various catalysts for improving bioconver-
sion of triploid poplar. Process Biochem 47(10):1503–1509

Werpy T, Petersen G (2004) US Department of Energy. Top value added chemicals from bio-mass
(Results of screening for potential candidates from sugars and synthesis gas, vol. 1). US
Department of Energy.

Xu F (2006) Comparative study of organosolv lignins from wheat straw. Ind Crops Prod 23(2):
180–193

Xu YJ, Li KC, Zhang MY (2007) Lignin precipitation on the pulp fibers in the ethanol-based
organosolv pulping. Colloids Surfaces A 301:255

Young RA, Baierl KW (1985) Ester pulping of wood: a revolutionary process. Southern Pulp Paper
48:15–17

Zerva C, Peschos Z, Poulopoulos SG, Philippopoulos CJ (2003) Treatment of industrial oily
wastewaters by wet oxidation. J Hazard Mater B97:257–265

Zhang MY, Xu YJ, Li KC (2007) Removal of residual lignin of ethanol-based organosolv pulp by
an alkali extraction process. J Appl Polym Sci 106:630

Zhang K, Pei Z, Wang D (2016) Organic solvent pre-treatment of lignocellulosic bio-mass for
bio-fuels and bio-chemicals: a review. Bioresour Technol 199:21–33

Zhao X, Cheng K, Liu D (2009a) Organosolv pre-treatment of lignocellulosic bio-mass for
enzymatic hydrolysis. Applied Microbiology and Biotechnology 82(5):815–827

Zhao XB, Cheng KK, Liu DH (2009b) Organosolv pre-treatment of lignocellulosic bio-mass for
enzymatic hydrolysis. Appl Microbiol Biotechnol 82:815

Zhu L, O’Dwyer JP, Chang VS, Granda CB, Holtzapple MT (2008) Structural features affecting
bio-mass enzymatic digestibility. Bioresour Technol 99:3817–3828


	Chapter 11: An Overview on Organosolv Production of Bio-refinery Process Streams for the Production of Biobased Chemicals
	11.1 Bio-refineries
	11.1.1 Processing for the Bio-Based Economy: Bio-refineries

	11.2 Biomass Feedstocks
	11.3 The Full-Scale Operation of the Bio-refinery Concept
	11.4 Biobased Chemicals
	11.4.1 Cost and Performance of Biobased Chemicals

	11.5 Biomass Pre-treatment´s Objectives
	11.5.1 Lignocellulosic Biomass Physical and Chemical Characteristics

	11.6 LCB Pre-treatment Technologies
	11.6.1 Mechanical Comminution
	11.6.2 Steam or Water Vapor Explosion
	11.6.3 Liquid Hot Water Pre-treatment (LHW)
	11.6.4 Ammonia Fiber Explosion (AFEX)
	11.6.5 CO2 Explosion Pre-treatment
	11.6.6 Wet Oxidation Pre-treatment (WOP)
	11.6.7 Acid Hydrolysis
	11.6.8 Peroxyformic Acid
	11.6.9 Alkaline Hydrolysis
	11.6.10 Ozonolysis
	11.6.11 Organosolv Pre-treatment
	11.6.12 Biological Pre-treatment

	11.7 Organosolv Technology Outperforms Other Pre-treatment Methods
	11.7.1 Different Solvents for Organosolv Pulping

	11.8 Overview of Organosolv Pre-treatment
	11.9 The Chemistry of Organosolv Delignification
	11.9.1 The Nature of Organosolv Pulping

	11.10 Advantages and Disadvantages of Organosolv Pre-treatment
	11.11 Organosolv Pre-treatment for Biofuel Production
	11.11.1 Organosolv: A Potential Pre-treatment Technology for Bioethanol Production

	11.12 Conclusions
	References


