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14.5: Biorefineries and Biomass Utilization

Just as crude oil is a complex mixture of hydrocarbons and other organic compounds that must be run through a petroleum refinery
to separate and chemically modify the materials in it to produce fuel and petrochemical feedstocks, chemicals from biological
sources are usually complex mixtures that require refining and chemical processing to provide needed feedstocks. The separation
and processing of biomaterials from plants or from bacteria cultured in digesters is accomplished in a biorefinery the output of
which consists of organic chemicals and fuels. In a biorefinery the various products that can be obtained from biomass are
separated and subjected to chemical treatment, generally with the objective of reducing the chemically bound oxygen contents of
the organic liquids. Although the large number of compounds generated from biomass poses a challenge for separations, it also
provides the opportunity to produce smaller quantities of high-value chemicals.

Figure 14.3 illustrates a biorefinery showing four ways in which feedstocks may be obtained from biomass. The simplest and least
energy-consumptive of these is extraction in which an organic solvent or, in more sophisticated operations, supercritical carbon
dioxide is used to dissolve materials from biomass. This approach is widely used to extract oils from some kinds of oil seeds.
Terpene hydrocarbons can be extracted from pinewood and other terpene-producing plants. Some of the greatest potential is to
extract hydrocarbons and other oils from algae that produce these materials. Single-cell algae are particularly -efficient
photosynthesizers and the potential is high to genetically engineer strains that can produce specific classes of extractable organics.
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Figure 14.3. General outline of a biorefinery in which organic feedstocks and fuels are obtained by the action of microorganisms or
enzymes that depolymerize large biomass molecules, extraction, hydrogenation, pyrolysis, or gasification of biomass.
Other than by extraction, the pathway to useful chemicals from biomass involves breaking down the complex biomass polymers.
One way in which this is done is with microbial action or the action of isolated enzymes, for example, to produce glucose sugar
from starch or cellulose. This step may require addition of nutrients including nitrogen, phosphorus, and potassium to enable
microorganisms to grow. The glucose and other monomers isolated by enzymatic action can be subjected to additional processing,
the most common example of which is fermentation of glucose to alcohol.

Hydrogenation of biomass involves reaction with elemental H, under high pressure and at elevated temperatures. This approach
can be used with hydrogen generated relatively inexpensively by electrolysis of water employing renewable sources of electricity,
especially from wind power. Direct hydrogenation of biomass produces a wide variety of organics including oxygenated
compounds, some of which have direct uses and others of which may be chemically modified to give desired product.

Pyrolysis involves heating biomass externally or with a hot gas stream to evolve liquid and gas products. An external heat source
including even solar energy focussed and concentrated on a reactor may be employed. As with hydrogenation, pyrolysis generates a
variety of products including oxygenated compounds. It also produces large amounts of residual carbon, which can be used directly
as fuel or gasified with steam and oxygen to produce synthesis gas.

Gasification, which is discussed in more detail in Chapter 15, Section 15.6, involves the reaction of hot carbon with steam,
H,0+C —H+CO, (14.5.1)

yielding a synthesis gas mixture of H, and CO. The carbon is usually heated by partial combustion with O, and the CO in the
synthesis gas is reacted with steam to increase the ratio of H, to CO. Biomass can be gasified directly by reaction with a minimal
amount of Oy. Since biomass has the approximate empirical formula of {CH,0O} the “water” required for gasification is largely in

14.5.1 https://chem.libretexts.org/@go/page/285385
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the biomass, itself. Such direct gasification of biomass also produces large quantities of organics that are processed downstream in
the biorefinery.

An important consideration in biorefineries is the use of catalysts. Insofar as possible biorefineries should use heterogeneous

catalysts that do not get into the product and enzyme catalysts that operate at moderate temperatures.
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