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ABSTRACT 
 

In the present work will present an introduction to biorefinery techniques and 

their applications to obtain high added-value products from algae and 

microalgae. Extraction and characterization techniques will be reviewed 

allways taking into account a Green Chemistry point of view. 
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INTRODUCTION 
 

In 2015 the European Union published the “action plan for the Circular 

Economy” (Commission of the European Communities 2015) where the value of 

products, materials and resources is maintained in the economy for as long as 

possible, and the generation of waste minimized, is an essential contribution to the 

EU's efforts to develop a sustainable, low carbon, resource efficient and competitive 

economy.  

In this sense, biorefineries play an essential role. Biorefining as defined by the 

International Energy Agency, is the sustainable processing of biomass into a 

spectrum of bio-based products (food, feed, chemicals, materials) and bioenergy 

(biofuels, power and/or heat). This kind of “refinery” is corresponding to the 

classical petroleum refining where multiple kind of fuels and products are obtained 

from the same raw material. One of the initial of biorefineries was to produce of 

bioenergy, biofuels and biochemicals. Not in vain, replacing petro-chemical 
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refineries by biorefineries can significantly contribute to mitigating climate change. 

Estimates of British government show that the conversion of bio-based wastes into 

bio-based materials alone could reduce emissions by up to 633 million tonnes of 

CO2 (Department for Business Enterprise and Regulatory Reform 2009). Biomass 

energy and material recovery is maximized if a biorefinery approach is considered, 

where many technological processes are jointly applied to different kinds of 

biomass feedstock for producing a wide range of bioproducts. A lot of biorefinery 

pathways, from feedstock to products, can then be established, according to the 

different types of feedstock, conversion technologies and products (Cherubini 

2010). 

The ideal Biorefinery should be highly energy efficient and tend to zero-waste 

production processes, but the “waste” products can be considered as coproducts and 

may be reallocated for added value use or conversion processes. The purpose of the 

biorefinery is to optimize the use of resources and minimize waste, thus maximizing 

the benefits and profitability (Ferreira 2017). 

Mabee et al. emphasized that there is an important choice of biomass and final 

products in biorefinery design due to the large-scale production implications. Initial 

biomass availability, its potential use, and its characteristics need to be considered 

(Mabee, Gregg, and Saddler 2005). Each biomass has its advantages and 

disadvantages. The biomass from forest, aquaculture, agriculture, and residues from 

households and industry can be used on the biorefinery, including wood wastes 

agricultural wastes, bagasses, waste paper, sawdust, biosolids, grass, and organic 

residues (e.g., waste from food industries), aquatic plants and algae, animal wastes, 

among others (Demirbas 2005). Detailed and accurate characterization of biomass 

feedstocks, intermediates, and products is a necessity to understand how the 

individual biomass components and reaction products interact at each stage in the 

process. Based on biomass feedstock, the biorefineries can be classified as 

lignocellulosic or marine (Ferreira 2017).  

Another important issue in biorefining is evaluating the economic and 

sustainability, which is extremely important to understand the energy, 

environmental burdens, and costs of any production/conversion system giving 

insight into its sustainability. One of the most used methodologies is life cycle 

assessment methodology (LCA) which analyzes a product during its lifetime from 

its production, to its utilization, and end of life, including its recycling process. In 

this methodology, each step of the processes should be considered, such as biomass 

feedstock (culture, harvesting, drying, transport…), conversion process (extraction, 

reactions, fermentation) and use of the product. Moreover economic viability and 

evaluation of the costs has to be taken into account, without forgetting 

socioeconomic costs. 
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There is a further step in biorefining. The integrated thermo-biorefinery or 

advanced biorefinery is considered a biorefinery of the future. The concept of 

advanced biorefineries is similar to a conventional biorefinery, however, in this 

case multiple feedstocks, products, and platforms are considered. An integrated 

biorefinery produces various products, which include electricity produced from 

thermochemical and bioproducts from the combination of sugar and other existing 

conversion technology platforms. 

In this chapter we will focus in marine biorefineries, which are based on marine 

biomass such as aquatic plants, macroalgae (e.g., seaweed) and microalgae. This 

type of biomass has some advantages, such as high areal productivities, no need for 

arable land, a wide range of biobased products and energy depending on culture 

conditions, however the industrial processing has a long way to go to be at the level 

of traditional terrestrial agriculture. 

 

 
Macroalgae 

 

Macroalgae or seaweed are multicellular organisms from marine sources able 

to carry out photosynthesis and characterized by simple reproductive structures. 

Seaweeds have been extensively utilized as food, animal feed and fertilizer and thus 

farmed commercially in a number of countries (Baghel et al. 2015) (over 30 million 

tons in 2016) (FAO 2018). Depending from seaweed type as green, red or brown 

macroalgae and species it is possible to extract different fatty acids, biofuel, 

proteins, natural pigments, antioxidants or polysaccharides (Balina, Romagnoli, 

and Blumberga 2017). Furthermore, most macroalgae produce high valuable 

metabolites with biological activities due to the adaptation to the extreme 

environments of light, salinity, and temperature (Ibañez et al. 2012). That is why, 

the study of macroalgae biorefinery has attracted lot of attention in the recent years, 

either from a bioeconomic point of view (Van Hal, Huijgen, and López-Contreras 

2014; Seghetta et al. 2016) or from the green chemistry approach (Kerton et al. 

2013; Herrero and Ibañez 2018). 

On one hand, there are biorefinery processes in which, more interesting 

products are obtained through fermentation processes, providing an effective 

utilization of the remaining by-products. The polysaccharides glucose, rhamnose 

and xylose from Ulva lactuca biomass were enzymatic hydrolyzed and used as 

substrate for the fermentative production of acetone, butanol, ethanol and 1,2-

propanediol while a protein-enriched extracted fraction was studied for use in 

animal feed (Bikker et al. 2016). Another example of this type deals with the 
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enzymatic hydrolysis of Saccharina latissima (Marinho, Alvarado-Morales, and 

Angelidaki 2016). In this application, the hydrolysis generates a phenolic fraction, 

whose fermentation produces succinic acid, and a concentrated macro- (Ca, K, Na, 

Mg, P, N and Fe) and micronutrients solid residue that can be use as fertilizer. 

On the other hand, downstream processes are found in the literature for the 

valorization of Sargassum muticum (Pérez-López et al. 2014; Balboa, Moure, and 

Domínguez 2015). 

In both examples, firstly, there is a supercritical CO2 (ScCO2) extraction of 

fucoxanthin, followed by the extraction of polysaccharides, such as alginate or 

fucoidan, and, finally, an antioxidant extract rich in phenols, such as phlorotannins 

is produced by autohydrolysis. 

In the work of Pérez-López et al. (Pérez-López et al. 2014) different scenarios 

were studied from an economic and environmental point of view. It was concluded 

that the most efficient biorefinery approach is the one that obtains only alginate and 

antioxidants. Including the fucoxanthin extraction at the beginning of the process 

implies an electricity consumption that drifts to environmental burdens. 

Balboa et al. (Balboa, Moure, and Domínguez 2015) highlight that it is possible 

to carried out a biorefinery approach only using green processes and techniques 

(Microwave drying, ScCO2 extraction and membrane microfiltration) in addition to 

Generally Recognized As Safe (GRAS) solvents (water, ethanol, ethyl acetate and 

CO2). 

 

 

Microalgae 
 

Microalgae are a diverse group of photosynthetic microorganisms, which can 

be considered as a potential source for the production of several high-valuable and 

bioactive compounds. They have many advantages since they can rapidly produce 

biomass using sunlight and carbon dioxide and also, they can grow in extreme 

climatological conditions, such as non-arable lands or wastewater (Trivedi et al. 

2015).  

 

One of the main applications of microalgae is biodiesel production because of 

the high level of triglycerides they contain (Yen et al. 2013). These microorganisms 

are one of the most promising renewable feedstock within bio-oil production area, 

thanks to the inexpensive and effective harvesting of biomass and extraction of 

lipids (Enamala et al. 2018). Other than biofuel, microalgae are rich compounds 

such as carbohydrates, polyunsaturated lipids, proteins and pigments, which are 
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widely used in cosmetic and pharmaceutical industries (Goh et al. 2009; Mimouni 

et al. 2012; Matos et al. 2017).  

 

Up to now, several researchers have been using microalgae as raw material to 

obtain these high-valuable compounds using green solvents, not only in single-step 

processes (Paula R. F. Canela et al. 2002; Soh and Zimmerman 2011; Castro-

Puyana et al. 2013), but also in a biorefinery approach. As an example, Gilbert-

López et al. (2017) developed an efficient method using several green extraction 

steps to obtain different valuable fractions from Scenedesmus obliquus. These steps 

included supercritical fluid extraction (SFE), gas expanded liquids (GXL) and 

pressurized liquid extraction (PLE), using ScCO2, a mixture of ScCO2/ethanol and 

pure water, respectively. Thus, they could efficiently fractionate triglycerides, 

pigments such as lutein and β-carotene (Gilbert-López et al. 2017). A similar study 

was done with Isochrysis galbana were obtained using pressurized green solvents 

such as ScCO2, mixtures of ScCO2/ethanol, pure ethanol and water. By that way, 

fucoxanthin, polar lipids and other bioactive compounds with high antioxidant 

activity were recovered in different fractions during the whole biorefinery process 

(Gilbert-López et al. 2015). 

 

It is important to mention that there are ~13,000 species of microalgae, with 

huge differences in terms of composition (Guiry 2012). For example, astaxanthin 

can be effectively extracted from Haematococcus pluvialis and β-carotene from 

Dunaliella salina (Trivedi et al. 2015). This means that not only it is important to 

design a suitable integrated green platform to obtain/extract different products from 

microalgae but also to design it specifically for each species of microalgae. 

 

 

CONCLUSIONS 
 

The biorefinery offers a plethora of opportunities to produce an array of fuels 

and organic chemicals from biomass. Despite marine biorefineries are still under 

development and not many industrial scale production are currently working, there 

is a wide range of applications, both using micro and macro algae, that promisingly 

in short term have a bloom. 
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