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The Next-generation Biomass for Biorefining

Hah Young Yoo # and Seung Wook Kim >

Biorefining, which uses biomass as feedstock and converts it into valuable
products, is a core technology for the sustainable green industry and has
high potential as an alternative to the current petrochemical-based
industry. This article covers the requirements for feedstock that should be
met for the economic feasibility of a biorefinery. In particular, organic waste
that meets several requirements as the next-generation biomass has high
potential. However, the complex and significant differences in composition
depending on the origin make it difficult to follow the previous system of
classification such as cellulose, hemicellulose, and lignin. In particular,
several organic wastes contain high value-added bioactive components.
Therefore, a strategy for the effective use of high value-added ingredients
contained in trace amounts is required, which is briefly introduced in the
third section of this article.
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Biomass Classification for Biorefining

Biorefining is a concept derived from the refining of petrochemical resources. It is
defined as the production of biofuels and biomaterials from biomass based on
biotechnology (Yang et al. 2015; Ibrahim et al. 2018). In particular, a biorefinery, which
uses carbon-neutral biomass as raw material and converts it into useful materials, is
attracting great attention as an alternative to the existing petroleum-based refining because
it is a core technology of a sustainable green industry (Kim et al. 2018, 2020).

In general, biorefining technology is divided into three generations according to
the feedstock of biomass. First-generation biomass utilization, which relies on food crops
such as corn, sugar cane, wheat, and potatoes, is in the commercialization stage. However,
such processing has been recognized as a threat to food security, including the rising of
grain or feed prices and resulting starvation of underserved people (Kline et al. 2016).
Second-generation biofuels, by contrast, are derived from plant-based material composed
of cellulose, hemicellulose, and lignin, which are the most abundant renewable resources
on earth. However, the potential of the feedstock is relatively low, as it contains about 15
to 25% lignin, which cannot be used in fermentation. In particular, a pretreatment process
should be additionally performed before the saccharification, which is one of the biggest
barriers for commercialization because it accounts for about 30 to 40% of the total process
cost (Kim et al. 2018; Siripong et al. 2018). In order to overcome the shortcomings of these
resources, genetically engineered crops or algae (without lignin components) are classified
as third-generation biomass, which merits accelerated commercialization (Lee et al. 2019;
Sa et al. 2021). However, additional land and costs are incurred for cultivation, and algae
require a higher level of extraction and conversion technology for utilization.
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Therefore, the main factors that will determine the economic feasibility for next-
generation biomass are proposed to be as follows:

1) Cost and availability: Ideally, feedstock should be inexpensive, have consistent
quality, and year-round availability at centralized locations.

2) Content of active ingredient per unit weight: It should contain sufficient nutrients
required for microbial culture to be used for fermentation.

3) The levels and range of impurities: There should be no constituents affecting the
fermentation and purification steps.

4) 1t should be easy to handle and low transportation and storage costs.

5) Denaturation problems in saccharification or sterilization processes: The
ingredients should not be denatured during the preparation of the medium.

The Next-generation Biomass as Organic Waste from Bioindustries

Based on the development of genetic engineering, it is possible to bioconvert target
bio-products using various organic wastes as feedstock (Kim et al. 2020). The utilization
of organic wastes such as agricultural residues, crude glycerol, fruits peel, juice processing
residues, municipal wastes, spent coffee grounds, waste cooking oils, and waste paper
sludge has been reported, and its origins are very diverse: urban, agricultural, food
processing, paper industry, and biodiesel production processes (lbrahim et al. 2018;
Estrada-Martinez et al. 2019; Lee et al. 2020a,b). These organic wastes have various
advantages such as no required farmland, low price, and year-round availability. In
particular, such resources have been recognized as attractive feedstock for biorefinery due
to the effects that can be obtained while preventing environmental pollution. Now the
possibility of organic waste is being carefully reviewed as fourth-generation biomass
(Yang et al. 2015).

There are a variety of organic wastes that can be obtained easily and inexpensively;
however, the composition is closely related to their origin. To achieve effective utilization
of biomass, it often has been classified into cellulose, hemicellulose, and lignin depending
on the solid composition. However, in the case of organic waste, the content of other
components can be relatively high or valuable, making it difficult to follow the previous
classification system. For example, spent coffee grounds are composed of cellulose,
galacto-mannan, lipids, protein, lignin and other ingredients, the content of which depends
on the type of bean. Citrus peel comprises about 25% of the total weight of the fruit and is
composed of cellulose, pectins, essential oils, phenols, vitamins, carotenoids, hesperidin,
and limonin. In particular, several organic wastes have been reported to contain high value-
added bioactive ingredients; thus, strategies for effective utilization of the components
should be suggested.

Application Strategy for Next-generation Biomass

Organic wastes derived from food processing residues, such as fruit peels, coffee
grounds, and juice residues, contain bioactive ingredients. In order to utilize the biomass
more effectively, the concept of the food processing residue biorefinery consisting of four
steps is shown in Fig. 1. The first step is to collect the biomass and perform an analysis of
their composition, including trace amounts of bioactive ingredients. Through this process,
strategies for extraction of valuable substances contained in samples, design of biological
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processes, improvement in conversion efficiency, and potential of resources can be
evaluated. The second step is to select an effective extraction method for target bioactive
ingredients such as carotenoids, flavonoids, polyphenols, and vitamins contained in the
sample and to optimize extraction conditions. The value of the resource can be improved
through the extraction of bioactive ingredients. In addition, removal of the high-value
components can be expected to facilitate sugar conversion during enzymatic hydrolysis by
weakening the binding of carbohydrates contained in the solid fraction (Choi et al. 2020).
The third step is the conversion of carbohydrates such as cellulose and hemicellulose in the
solid fraction to fermentable sugars. Enzymatic conversion can be significantly improved
through the selection of an appropriate pretreatment and optimal conditions. The
hydrolysates from the saccharification can be used as the medium for microbial
fermentation in the next step. The final step is the bioconversion process such as
fermentation, fabrication, or synthesis. The bioactive ingredients extracted in the previous
step can be applied to produce functional polymers such as bioelastomers (Lee et al.
2020a). The hydrolysate containing fermentable sugars can be utilized in the production of
platform chemicals such as butanediol and propanediol as well as biofuels such as ethanol
and butanol by microbial fermentation (Ibrahim et al. 2018; Siripong et al. 2018; Lee et al.
2020b). Finally, the by-products from each conversion process can be converted to biochar
through pyrolysis, and a zero-waste process could be achieved by reusing by-products as
feedstock.
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Fig. 1. Concept of food processing residue biorefinery
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