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Abstract 
 
Plastic is userfriendly with huge demand in global economy due to wide 

range of applications across the domestic, industrial and business sectors. 

Global annual emissions have exceeded exponentially year by year of 

plastics, and their production, accumulation, imposes a global ecological 

threat. Therefore, more global concerns and pressure leads to develop and 

adapt the   2
nd

 generation plastics known as bioplastics which attracted user 

and researchers due its lower carbon footprint, eco-safety (renewability, 

sustainability, biodegradability, and compensability) and energy efficiency. 

The global trends of bio plastics market are expected to be move at a rate of 

20% ~ 25% per year despite of certain limitations such as a higher cost, 

recycling problem, reducing raw materials and lack of legislation. For the 

past 35 years the development of biodegradable plastics has been given 

significant consideration. Hence, this paper aims to provide insight into 

various aspects of bioplastics as the most advanced environmentally friendly 

products, including cycle of degradation, application and challenges, as well 

as future sustainability perspectives globally. Innovation in bioplastics can 

be e a key to a future term plastic pollution solution. But a public awareness 

is necessary in enforcing longer lasting solution against plastic originated 

environmental crisis. 
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1 Introduction 

In the present era, the plastics are indispensible due to flexible and 

durable properties over other products such as metallic and wood products in 

use. Majority of the plastics are usually organic polymers of high molecular 

weight and formed through carbon atom chain with addition of: oxygen, 

nitrogen and sulphur. Each polymer chain of plastics has numerous repeating 

units, monomers [1], [2]. All plastic are polymers but all the polymers are not 

plastic. Plastics can be characterized by many physical properties, such as 

density, hardness, heat and tensile strength, and by chemical properties, such 

as inertness/ resistance and reaction to various chemical and processes. The 

variety of polymers and their durability was used to manufacture goods that 

offer excellent medical and technical advancements, energy conservation and 

number of other societal profits. Other classifications can be based on 

qualities which are pertinent to manufacturing/ product design includes as 

thermosetting and thermoplastic. Thermosetting plastics possess cross-linked 

chain of heteroatom‟s and the hydrolytic cleavage of chemical take place 

easily. So, these can be degraded easily. These can solidify into permanent 

shape once formed and some examples given in Fig.1. 

                                

 
Figure 1 Poly (ethylene terephthalate) (PET) [5] Polyurethane (PU) 

 

Thermoplastic polymers are long sole C-atom chains which are 

independent of each other.  

                
Figure 2 Polystyrene and Polyvinyl chloride (PVC) 

 

Due to these solely C-atom chains these are non-biodegradable plastics 

as the chemical bond present between these carbon atoms does not cleave 

easily. These can be heated and remoulded over and over again (Fig.2). 

There are wide range of plastics used and produced for domestic and 

industrial use due to its user friendly and have numerous applications across 

the globe [3], [4].  
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2 Global Status of Plastics Production and Waste  
  Generation 
 

Globally scenario of application and production of plastics is a success 

journey as evident s from the date given in the Fig.3. Its continuous 

development with compound annual growth rate (CAGR) of around 8.6%. 

From last 50-60 years. But at same time plastics waste generated from its 

different application sectors and maximum %age contribute comes from 

packaging.  “Landfill problem” across the world and “accumulation of 

plastics in oceans” of plastic waste emerged as an environmental crisis. As 

GHGs (greenhouse gases) lead to global climate change, plastic incineration 

produces harmful emissions [5], [6]. Their "durability or non-degradability" 

Allows plastics longevity in the atmosphere for hundreds of years. Plastics 

are diverse in nature and application leads to increase its demand day by day 

globally. But with increase in its demand its waste also increasing which 

leads to increase in the environmental pollution. 

                     
Figure 3 Global scenarios of plastic, waste production and non biodegradability 

 

In place of simple plastic (which cause pollution) we can use 

biodegradable plastic or bioplastic (Fig 4). These are environment friendly, 

easily degradable, renewable, sustainable [7]. With their use environment 

pollution can also be controlled. So, the demand for biodegradable plastic is 

increasing day by day. Plastic spectrum "is one of several methods to help 

plastic selection decision-making. The economic problem is “competition for 

crude oil and energy security”. Therefore, these concerns have encouraged 

developing innovative 2
nd

 generation plastic known as a bioplastic.  



 

 
 

 

 

The global demand for bioplastics is emerged to grow nearly 20 % ~ 25 

% per year. By the end of 2020, nearly 10 ~ 15 % of the global plastics 

industry will increase and its market share will be 25% ~ 30%. 

 

                       
Figure 4 Plastics spectrum and correlation among different source-based bioplastics 

 

3 Classification of Bio Plastics  

Bio plastics can be made from bio-based or fossil-based materials, and 

plastics can be biodegradable or non-biodegradable. Plastic material can only 

be classified as bio plastic according to European Bio plastics if it is either 

biodegradable, bio-based or both. The classification can be done on basis of 

the basis of biodegradability –origin as biodegradable –fossil based bio 

plastics, biodegradable –bio based bio plastics and non-biodegradable-bio 

based bio plastics [8], [9]. The bioplastic can be further classified on the 

basis of origin into following seven categories (Fig 5). 

 

                             
Figure 5 Classification of Bio plastics on the basis of origin 
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The major benefit of bio plastics is that they are renewable materials, 

thus emitting less carbon dioxide and thus minimizing global warming. 

 

4 Techniques for Production of Bioplastics 

Parkesine (cellulose based organic material derived) was first man made 

bio based plastics and developed by Alexander Parkes in 1862. Since then 

various method has been developed and reported in literature for bio plastic 

production based on source and biological agent/ microbes used in 

production technology (Fig.6 and Table 1).  

 

4. 1 Bacterial Based Bioplastic 

PHA is produced in microbial or bacterial cells by using PHA polymer 

chain. Firstly, the bacteria are grown in the culture medium and then it is 

collected for the production of the biodegradable plastics. Soil consists of 

different type of bacteria and more than 30% of these types of bacteria can be 

used for the synthesis of PHA. This type of bacteria can also be found living 

in the extreme conditions [10], [11]. There are 150-170 different type of 

PHA monomers have been reported till now, on the basis of them the PHA 

with flexibility and thermal properties has been reported because of its 

different properties it can be used to develop a different type of application 

that are environmental friendly. 

                        
Figure 6 Different processing techniques explored in bio plastic production 

 

 

 



 

 
 

 

 

 

 
4.2 Starch Based Bioplastics 

Corn, rice, wheat and potato are manly used for the production of starch-

based plastics. Corn, the cheapest one is considered as one of the most 

commonly used starch. These types of plastic are used for degraded cups and 

plastics.  
 

Table 1 Production of bio-plastics from different biomass 

Biomass 

Source 

Bio plastic  

 

Bacterial 

based  
PHAs- Polyhydroxyalkanoates of 150 

types 
Starch 

based  
PLA -Poly (lactic acid),  

PGA -Polyglycolic) acid  

PBS -Polybutylene Succinate,  

PC L –Polycaprolactone 
Lignin 

based 
PLLA -poly (1-lactic acid) and PCL- 

polycaprolactone and LS-

lignosulphonate calcium  
Soy based Polyurethane and polyester thermoset. 

Cellulose 

based 

Ac C-Acetyl cellulose, 

CTA- Cellulose Triacetate 
Natural 

fiber  

reinforced 

 

Wood and non-wood fibre 

 

 

Petroleum 

based  

PMAA-Poly (methyl) methyl acrylate, 

PBAT- Polybutylene adipate 

terephthalate, PCL-Polycaprolactone, 

PB-Polybutylene, PES-Poly (ethylene 

succinate), PBS-Poly (butylene 

succinate), PVA -Poly (vinyl alcohol) 

 
Molding, injection molding, thermos farming etc. are used for the 

processing of the starch-based plastic including PLA, PGA acid polybutylene 

Succinate, polycaprolactone. PLA or PGA are the type of lactic acid 

monomer formed after the processing of the starch and easily available in the 

renewable sources like starches [12], [13].  
 

4. 3 Lignin Based Bioplastics 

Lignin obtained from plant, i.e. lignocellulosic, is used for the production 

of lignin-based plastic which is the paper manufacturing industry by-product. 

Lignin is a potential substitute for epoxy resins, phenolic oil, and adhesives. 

When light is added to the matrix polymer it enhances UV stabilization and 

biodegradation.  

 

Swati Palsra et al  
 

7546



 

 
 

 

 

 

 

Bioplastics-Environment Friendly and Innovative Plastic: A Review 7547 

 

Lignin has different properties like it is renewable, non-toxic, low cost 

and biodegradable. It can be used as a filler and can be used for the 

production of biodegradable materials. Some important features of lignin are: 

(i) decrease the rate of composite material, (ii) good compatibility with 

synthetic or natural polymer, (iii) environment friendly. Presently aliphatic 

polyester is used as reinforcing filler are poly (1-lactic acid) (PLLA) and 

polycaprolactone (PCL) and lignosulphonate calcium (LS).   
 

4.4 Soy Based Bioplastics 

Biodegradable plastics can also be produced by another method using 

soy-based plastics. Due to the presence of huge amount of proteins in the 

soybean it becomes easy to form plastic material and films. Ford, a car-based 

company has used this type of plastic for making different parts of the car. 

This type of plastic can also be used for the contraction and for the molding 

of the plastic injections.  
 

4.5 Cellulose Based Bioplastics 

Cellulose that is found in the plants is modified and used for the 

production of the plastics. Wood pulp, cotton and hemp are mainly used 

cellulose for these purposes. Cellulose is found in huge amount in almost 

every species like plant, bacteria and animals. The idea of an unified bio 

refinery processing amenities is one that extracts lignin, oils, carbohydrates 

and other materials from biomass and changes them into numerous high 

value chemicals and several fuel products. Some of the examples of these 

refineries are pulp and paper mills. Flax fibre, flax fibre, eucalyptus pulp 

fibre and hemp fibre are the most common type of cellulose fibres that are 

used in the composite stiffeners. In order to produce packaging material, it is 

important to know about the mechanical properties but the use of this type of 

biodegradable is very low because the amount that is used for this production 

is very high. 
 

4. 6 Natural Fibres Based Bioplastics 

Natural fibres such as jute, kenaf, sisal, bamboo and bagasse due to their 

low cost, modulus, adequate specific strength and biodegradability they were 

used as reinforcement in the amalgams or composites. Natural fibres increase 

the scope of usage of these plastic in several fields such as packaging 

industries and automotive. Natural fibres are classified into two wide 

categories: wood fibres and non-wood fibres.  
 

4. 7 Petroleum / Fossil Based Bioplastics 

The biodegradable plastics can be made not only from bio-based 

feedstock but from petrochemical raw materials as well. Often used for the  



 

 
 

 

 

 

 
processing of the bioplastics are petrochemical products such as polybutyrate 

adipate terephthalate (PBAT). Various methods has been reported for 

production of the PMAA, PBAT, PCL, PB, PBS, PES and PVA from 

petroleum [14], [15]. 

 

5. Mechanism of Biodegradation 

Biodegradation categorises into major three as presented in Fig.7 
 

5.1 Bio Deterioration 

Bio deterioration is type of degradation at surface level and modifies the 

physical, chemical and mechanical properties of the material that exposed to 

the environment where abiotic factors (temperature, compression, chemicals) 

initial changes, weakens its structure. Although, Bio deterioration naturally 

occurs as the first step of biodegradation, in some cases it can be similar to 

bio-fragmentation. 

 

                   
Figure 7 Biological degradation processes of plastics 

 
5.2 Bio-fragmentation 

This is a lytic process where plastics are cleaved into monomers and 

oligomers. The steps chosen for fragmentation are different and based on 

oxygen present in the system as aerobic (O2 presence) and anaerobic 

digestion (absence of O2). Both the processes different from each other with 

the production of methane (in anaerobic reaction produces), while both the 

reaction produces water, carbon dioxide, new biomass and some residue. 

Aerobic digestion occurs fast than anaerobic, while mass and volume of 

material are better reduced by anaerobic digestion. 
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5.3 Assimilation 

The products which remain from bio-fragmentation are integrated into 

microbial cells of bacteria. Specific products from bio-fragmentation are 

transported easily into the cell via membrane carriers. While, others have to 

go through biotransformation reaction to produce products which can be 

transported into the cell. Within the cell, the product enters catabolic 

pathways, that either produces elements of cell structure or ATP. 

 

6  Applications and market status of bioplastic 

Bioplastics can be an alternative revolutionary way for sustainability and 

receiving greater attention in several industrial application to viable solution 

in order to minimize the toxic materials to create a pollution-free atmosphere 

for both customers and industry because bioplastic has better properties 

compared to conventional plastics such as good thermal properties, 

mechanical properties, gas barrier, oxygen permeability, facilitating 

moulding and aroma barrier making. Advanced environmental friendly 

properties and functionalities of bioplastics are anticipated to drive the 

market growth. The global market of bioplastics (report in Allied Market 

Research) was valued at $21,126.31 million in 2017, and is projected to 

reach $68,577.25 million by 2024, registering a CAGR of 18.8% from 2018 

to 2024. The global biodegradable plastics market is segmented in terms of 

application into packaging, agriculture, textile, medical, injection molding 

building construction, electronics, and a host of other segments. The 

packaging industry is among them the largest sector contributing to 60 per 

cent of global production of bioplastics. In 2017, the rigid packaging sector 

contributed for nearly one-third share in the global market in terms  
 

Table 2 Application of bioplastics 

Bioplastics Application 

Cellulose based Packaging, disposal 

household, reinforced films, 

medical devices, electronic 

devices 

Starch based Medical devices, Food 

packaging, foils, textiles, 

transport  and automotive 

materials, construction and 

building material 

PLA Food packaging, Films, 

PHA food packaging, medical 

implant, Coating, 

 

of value. At present, on the overall plastics industry, the share of bioplastics 

products is just about 1%. Though, the results of the annual market data 

update for European Bioplastics, presented at the 12th European Bioplastics  



 

 
 

 

 

 
Conference held in Berlin on 29 November 2017, indicated that the global 

bioplastics industry is growing steadily. Global production capacity for 

bioplastics is 2.05 million tons in 2017 and is expected to increase to 2.44 

million tons in 2022. Bioplastics 'growth rate is about 20-25 per cent per 

year, but conventional plastics' growth rate is only 4-9% per year. The 

European bio-plastics industry estimated that the global bioplastics industry 

is projected to rise at more than 20 per cent per annum. The only drawback 

of the global demand for bioplastics is high production costs across 

conventional plastics; however, technological development will solve this. In 

addition, the rising price of crude oil has also prompted the manufacturer to 

produce bioplastics over petroleum-based plastic. Drop-ins bioplastics 

currently dominate on the market for bioplastics. Approximately 56 % of the 

global production of bioplastics is only bio-based plastics viz., bio-PA, bio-

PET and bio-PE.  Bioplastics based in the biomedical industry have been 

named the eyes of biomaterials because they are highly applicable in skin 

replacements for burns and wounds, drug release system tissue engineering 

scaffolds, nerves and gum reconstruction, bone reconstruction, stent covering 

and blood vessel growth. In addition, nanocellulose-based bioplastics have 

been used in dental tissue regeneration in humans which is produced by the 

Glucanacetobacter xylinus strain from microbial cellulose. Bioplastics were 

the great of interesting exploration, for example in the construction and 

construction industries. But not only designers but homeowners are often 

drawn to use bioplastics for different items such as walls, decking, etc.  In 

addition, bioplastics is intended as a membrane for high quality sound in 

companies that manufacture the electroacoustic devices. The advantage of 

this category of materials is that it has the same vibration intensity as 

titanium or aluminium diaphragm with the fragile tone. This also creates the 

trebles with crystal clear tones, and remarkably deep bass notes. Bioplastics 

are also used in membrane for reinforcing high-quality e-paper (electronic 

paper), combustible cells (hydrogen). Bioplastics development in the 

packaging industry is being carried out slowly by food service industry or 

grocery store delis for examples such as film for sandwich wraps, packaging 

of fresh products or clamshell packaging such as fruits, salads, vegetables, 

pasta or bakery products etc. Therefore, it looks forward to becoming 

important materials particularly in instant packaging and disposable 

applications as biodegradable or durable plastic alternatives.  

 

7 Challenges in Bioplastic Industry 

Bioplastics production becomes the most challenging because the 

production must not be to disturb the potential sources of food. This situation 

can be scale down by the usage of non-food material for bioplastic 

production through various processing methods such as compression, 

injection and extrusion molding, casting. The potential environmental 

problems and the bioplastics impacts have not yet been completely  
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investigated and understood. Although certain study, Revealed that high 

impact on GWP (global warming potential) for PLA, TPS and PHA 

investigated for landfill followed by composting is due fact that these are 

biodegradable and thereby decompose over time in CO2 or even CH4.while 

its impact is lowest in mechanical recycling for PLA and TPS. Further study 

is therefore needed to overcome the increase resource efficiency, limited 

available sources and lessen environmental problems. In general, bioplastics 

are promising  sustainable alternative to conventional plastics and the 

environment impact of bioplastics can be measured on the basis of various 

factors including its End of Life options but also  have a beneficial effect on 

the atmosphere, minimize waste disposal capacity, reduce GHGs emissions 

and lower the risk of aquatic  and human health  (Fig.8 ). 

  
                                                                                   

 
Figure 8 Factor measuring impact of bioplastics on environment 

 
Hence the assimilation of bioplastics could be the great solution to 

reduce the problems. This is because there are good properties of bioplastics 

such as biodegradable, environmentally friendly, sustainable etc. The 

production of bioplastics is mainly due to the authenticity of the latest 

technologies and the integrity of the companies that manufacture, sell and 

support sustainable technology. 
 

8 Conclusion and Future Prospectus 

Huge quantity of non-biodegradable waste cause large effect on 

environment which is driving the research and development towards 

innovative, new biodegradable material which can be derived from natural 

resources (plants, biomass bacteria etc.) Bioplastics can be an alternative 

revolutionary way for sustainability and receiving greater attention in several 

industries application to viable solution in order to minimize the toxic 

materials to create a pollution-free atmosphere for both customers and 

industry of better properties compared to conventional plastics. Thus, the eco 

friendly properties and functionalities of bioplastics are emerged to drive the 

market growth of bioplastics in term of its production and future 

applications. Bioplastics can be produced by various routes including 

effective use of microorganisms for commercialization of bioplastic. A new 

guideline for usage, production and waste of bioplastic must be setup all 

around the world. Bioplastic having many positive points as it is good  

Factors of Bioplastic  
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bioplastics instead of food 

production 
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degradable material, should be commercialized using recent technology and 

innovations. Hence, bioplastic have been environment friendly and 

sustainable material, therefore reducing the usage of plastic or new 

renewable resources. The environment impact of bioplastics can be possibly 

measured on the basis of various factors including end of life options and 

their global warming potential.  Bioplastics, however, isn't the only solution 

to plastic pollution problem but the changes in consumer behaviour in the 

purchase, use, disposal of plastics, and R& D approach for the effective 

development and recycling of bioplastics is equally important in plastic 

waste management. In general, bioplastics are promising  sustainable 

alternative material to conventional plastics and its  environment impact of 

bioplastics can be measured on the basis of various factors including its End 

of Life options but also  have a beneficial effect on the atmosphere, minimize 

waste disposal capacity, reduce greenhouse gas emissions and lower the risk 

of aquatic contamination and human health   
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