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Abstract 

Production of plastic waste has been increasing on a global scale, 

resulting in an elevation in plastic waste pollution. There is a 

critical need to develop novel methods to scale down plastic 

waste pollution. Recycling the plastic scraps alone is not a 

complete solution for the rising problem. A key component of 

sustainability is reducing the use of plastics made from fossil 

fuels. Bio-based plastics are becoming more popular as a 

substitute for fossil-based polymers on the market. Researchers 

have found that biological feedstocks can be better utilized for the 

production of plastic goods in comparison to a fossil-based 

approach. Therefore, the production of bioplastics from 

microalgae is aninnovative approach that should be further 

investigated and enhanced. The current study focuses on 

assessing the present status of microalgae-based bioplastic 

production technologies and identifying the specific areas that 

require optimization for better productivity. A wide range of 

applications, including biomedical, agricultural, and packaging 

industries, employ biopolymers. A circular economy approach to 

microalgal-based bioplastic production is considered in this 

review to provide insight into current knowledge and future 

directions.  
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Introduction  

The demand for traditional petroleum-based synthetic polymers 

has dramatically expanded as a result of population growth over 

the past two decades. These synthetic polymers were produced 

around the globe at a rate of 359 million tonnes annually in 2018, 

according to Plastics Europe (2019). In order to manufacture 

synthetic polymers and plastic goods, including low-density 

polyethylene, high-density polyethylene, polyethylene 

terephthalate, polyvinyl chloride, poly-propylene and 

polystyrene, this resource holds around 4% of the world's total oil 

production. Unfortunately, the main issues with these synthetic 

polymers are their emission of greenhouse gases (GHGs), non-

biodegradability, detrimental effects on both terrestrial and 

marine ecosystems, and environmental persistence (Ranganadha 

& Chandrasekhar, 2021; Rambabu et al., 2023). Researchers are 

interested in the manufacture of biopolymer as an alternative and 

biodegradable plastic for everyday requirements 

(Ranganadhareddy, 2022). Three generations represent the 

historical evolution of biopolymers. However, the limitations of 

first- and second-generation biopolymers continue the usage of 

plastic blends based on petrochemicals, which may cause some 

plastics to partially degrade into microplastics that can continue 

to harm the environment. Third-generation biopolymers 

concentrate on utilizing natural resources derived from plant-

based material to ensure that they may quickly biodegrade 

without leaving behind microplastic fragments or other 

byproducts that could build up in the environment (Antar et al., 

2021). Bioplastics are produced using natural resources from 

terrestrial crops (such as potato and maize); however, this method 

is not long-term viable given the conflict between food and fuel, 

the necessity for arable land, and the substantial water and 

nutrient consumption. Due to its high biomass productivity, 

capacity to absorb 1.8 lbs of carbon dioxide, and ability to release 

more than 75% of oxygen into the atmosphere, microalgae have 

been widely studied for their potential as alternative plant-based 

resources (Assunção & Malcata, 2020). Additionally, compared 

to the development of terrestrial crops, the cost of growing 

microalgae is lower since they may be grown in a variety of 

challenging environmental conditions using wastewater 

resources. These microalgae, which are made up of 

carbohydrates, proteins, lipids, and carotenoids, are bioprocessed 

to create products that are naturally derived (Thanigaivel et al., 

2022). Chlorella sp. and Spirulina sp. microalgae have produced 

microalgae-based bioproducts that have reached the market from 

several industry sectors (Yong et al., 2021). Microalgae are 

regarded as the world's greatest sustainable biomass feedstock for 

making biopolymers as opposed to synthetic polymers derived 

from petroleum (Junior et al., 2020). According to recent studies, 

biopolymers derived from algae have better mechanical 

properties than those derived from petroleum (Subhash et al., 

2022). Additionally, algae-based biopolymers can be altered by 

including additives, plasticizers, and compatibilizers to improve 

the intermolecular forces of interaction between different 

compounds and increase material strength, flexibility, and 

durability (Rai et al., 2021). By analyzing the synthesis of 

biopolymers from microalgae, this study seeks to give a thorough 

understanding of the present state-of-the-art advancement of 

algae-based biopolymers towards a sustainable circular economy. 

The study also covered research on the circular bioeconomy of 
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algae in light of the present difficulties facing the biopolymer 

sector. Additionally, scale-up concerns and culture system 

running costs were thoroughly covered to give a better 

understanding of the difficulties encountered in the production of 

algal biomass. The life cycle assessment (LCA) was examined, 

however, to help researchers see the advantages of algae-based 

biopolymers over traditional petroleum-based ones. 

Biopolymers from Algal Biomass 

Microalgae are eukaryotic photosynthetic organisms that can 

thrive in both freshwater and saltwater. Red algae, green algae, 

and brown algae are classified by color. Microalgae are seaweeds 

that range in size from microscopic to 200 feet (Casas & 

Matamoros, 2021). Microalgae have a straightforward cell 

structure and depend on sunlight, carbon dioxide, water, and 

nutrients for photosynthetic development (Ranganadha et al., 

2020). Microalgae are quickly expanding photosynthetic 

organisms that develop in the 0.02 to 2000 m size range (Hossein 

et al., 2022). They can produce up to 70% of the oxygen in the 

atmosphere by using greenhouse gases in their autotrophic 

complex. Lipids (13–47%), proteins (17–47%), carbs (19–45%), 

and carotenoids (11–13%) make up the majority of the bioactive 

components in microalgae (Mehariya et al., 2021). The primary 

element that qualifies algae as a possible feedstock for the 

biopolymer sector is their quick biomass productivity, which is 5 

to 10 times quicker than that of typical food crops (Kushwaha et 

al., 2022). Agricultural and horticultural polymers, food industry 

packaging polymers, and other industries benefit from the 

biodegradability of algae-based bioplastics for a variety of uses 

(Saratale et al., 2021). PHAs, which can be made from 

microalgae cells, are one of the developed biodegradable 

polymers as shown in Figure 1. 

 

 

Figure 1. Biopolymer synthesis from microalgae (Devadas et al., 2021) 

 

PHAs are produced by microalgae from neutral lipids that have 

accumulated in their cells; this process calls for carefully 

controlled culture conditions employing sugarcane vinasse and 

molasses, or waste frying oil (Bhatia et al., 2019). PHAs typically 

melt between 169oC and 180oC (Ranganadha et al., 2019). PHAs 

can be produced from microalgae in two ways: (i) under 

conditions of environmental stress during cultivation; and (ii) by 

using the protein in microalgae biomass and putting it through 

thermo-mechanical polymerization (Chong et al., 2021). 

Phosphorus and nitrogen deficiency can be used to induce the 

accumulation of PHAs in microalgae under environmental stress 

culture conditions (Ranganadhareddy, 2022). This was in 

agreement with Zhang et al. (2019), who demonstrated that under 

phosphate-limited conditions, spirulina has the capacity to 

synthesize homopolymers such as Polyhydroxtbutyratye, a family 

of PHAs. The backbone of biopolymers in PHBs, as opposed to 

PHAs, is a short-chain homopolymer of hydroxybutyrate with 

four carbon atoms. In addition, PHBs are typically combined with 

polyesters, which boost the material's stiffness and brittleness, 

with elongation at break values of 1 GPa and under 15%, 

respectively (Dang et al., 2022). Actually, a number of PHA-

based products, including Biogreen, Nodax, Biopol, and Degr 

Pol, have already been commercialized for a variety of 

applications (Zhou et al., 2022). 

Properties of Polyhydroxyalkanoates 

PHAs have a variety of physical-chemical features that, according 

to a review by Popa et al. (2022), contribute to further possible 

applications. PHBs, for instance, have material properties that are 

comparable to or even superior to those of petrochemical-based 

plastics, which have melting points between 110oC and 170oC. In 

reality, PHB has strong gas barrier properties, a high crystallinity 

of up to 70%, and is easily degraded or destroyed, making it 

appropriate for a variety of industrial applications. PHBs 

polymerase can also go through the polymerization step to create 

long-chain PHB polymers, which can be used to create algal 

bioplastics (Liu et al., 2022; Ranganadha, 2022). Alternately, 

algae bioplastic can be created using the protein found in the 

biomass of microalgae via thermomechanical polymerization. 

According to Rai (2021), the small size and high protein content 

of microalgae make the microalgae biomass itself appropriate for 

plastic conversion. As a result, this feature makes plastic 

fabrication particularly suitable without any prior treatment, 

enabling more efficient and scalable production.  

Applications    

Biomedical Field 

In contrast to other applications, biomedical applications have 

garnered exceptional attention for the utilization of biopolymers 

because to its greater entity significance (Akhtartavan et al., 
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2019). As surgical sutures that promote integrated damaged tissue 

coalescence, biodegradable polymers are increasingly being 

drawn to applications that solve medical issues in specifics, such 

as orthopedic and vascular grafting surgical implants 

(Mahendiran et al., 2021). The remarkable longevity and 

sturdiness of these sutures, which are easily sterilizable, allow 

them to work throughout tissue regeneration before being either 

physically removed or allowed to disintegrate quickly in the 

body. Because they provide strong knot toughness and 

outstanding flexibility, poly-(glycolic acid), poly-(L-lactic acid), 

and their copolymers are widely employed as sutures (Behera et 

al., 2022). Biopolymer-based bone fixation implants provide 

unhindered dynamic bone healing and don't need to be removed 

surgically following bone repair because the entire implanted 

fixture dissolves. Due to their superior biocompatibility, 

pharmacokinetics, and immunogenicity compared to their 

synthetic counterparts, biopolymer nanoparticles are potentially 

rated as significant materials for drug delivery systems, aiding the 

process of drug release and absorption (Ranganadha et al., 2021). 

Biopolymers with poly (hydroxy acid) and poly (ortho ester) 

groupings are frequently used in drug delivery methods. Given 

their strength, flexibility, and resistance to wear and tear, 

polyurethanes are referred to as a blood-compatible category 

(Iolanda et al., 2021). These qualities are crucial for grafting 

scaffolds that resemble artificial blood vessels. Because of their 

inherent ability to degrade naturally and their ability to improve 

soil, biopolymers have garnered attention in the agricultural field 

and have had a significant impact on the creation of mulches and 

plant containers. Mulches encourage plant development because 

their polymer films retain moisture, prevent the growth of weeds, 

maintain the ideal soil temperature, and, most importantly, 

degrade through photodegradation, which eliminates the need for 

removal and the associated expenses (Daniel et al., 2020). 

Agriculture 

By using mulch in agricultural areas, cultivation processes are 

reduced, preventing further root damage and plant stunting or 

destruction. Additionally, there has beena noticeable and 

reasonable reduction in the amount of water and soil nutrients 

needed. Mulch is produced using polymer films composed of 

poly-(vinyl chloride), low density polyethylene, poly-(vinyl 

alcohol), or polybutylene (Abd El-malek et al., 2020). These 

films are modified in a certain way, either with the help of soil 

microorganisms or by adding specific particulate matter that 

encourages film termination, such that disintegration is only 

permitted after the crop-growing time has concluded. 

Polycaprolactone has a similar characteristic and is used to make 

containers for agricultural plants. These containers often take a 

long time to decompose, giving tree seedlings enough time to 

develop. 

Packaging Industry 

The physical features of packaging polymers, which allow for 

adjustments in the molecular weight, chemical composition, and 

processing conditions in an effort to obtain desired qualities, have 

drawn a lot of attention. The commodities that will be packed as 

well as its storage environment dictate these necessary qualities. 

It has been established that combining the characteristics of 

various biopolymers into a biodegradable film can be used to 

create packaging materials whose end results are quite 

distinguishable from those of synthetic ones, though the latter 

have a slight advantage over their bio-derived counterparts 

(Mostafavi & Zaeim, 2020). In order to create viable packaging 

films, a variety of biopolymers based on polysaccharides, 

including starch, cellulose, etc., as well as a number of 

copolymers of polyesters and polyethylene, are being used. The 

degrading characteristics of laminated packaging are now 

improved by blending natural fillers like starch with synthetic 

polymers. Bags for groceries and mail, storage containers, 

disposable dishes, glasses, and silverware, as well as textiles, are 

just a few of the packaging options derived from biopolymer 

sources (Alexandrovich et al., 2018). When it comes to foods and 

condiments, biopolymer packaging meets the expectation of 

maintaining the product's quality and palatability from the point 

of manufacture to the point of consumption. 

Conclusion 

Algal biomass offers enormous potential for the manufacture of 

biopolymers, as was addressed in the review. The production 

process is, however, hampered by a few bottlenecks. Algal 

growth in photobioreactors demands significant expenditures for 

large-scale production. A sustainable method for growing algae 

on a large scale with lower production costs may be developed. 

There are problems with both the large-scale production of 

biopolymers and the disposal of waste biomass. In this regard, 

models encouraging the bioeconomy might be developed using 

the concepts of the circular economy. Additionally, utilizing 

neural network optimization techniques, research may be done to 

establish the best conditions for algae growth and fermentation in 

bioreactors. It is feasible to screen microalgal species to find the 

optimal algal biomass for the manufacture of biopolymers. The 

purpose of this review is to emphasize the significance of algal 

biomass and its value in the production of biopolymers. 

Furthermore, new advancements in biopolymer synthesis 

techniques using algal biomass were presented. The subject of 

biomedical sciences has a lot of potential for biopolymeric 

materials. Additionally, the use of different chemicals may limit 

the applications for microalgae products, such as in food 

packaging and medical fields. As a result, additional research is 

required to improve the procedure for industrial applications and 

reduce the need for additives through more innovative design. 
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