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ABSTRACT 

In recent years bio-based polymers have been the subject of many commercial and 

scientific research programs. This article deals with the current trends and future applications 

of Bio-based Polymers developed from renewable source. Bio-based polymers are materials 

which are produced from renewable resources.The conversion of biomass to useful materials 

such as polymers and composites has considerable economic and environmental value, 

particularly in timesof global warming and diminishing petroleum oil reserves. Growing global 

environment, the high rate of depletion of new environment regulations has forced the search 

of new composite with the environment. Bio-based polymers are not only replacing the existing 

polymers but also provide new combinations of properties for new applications. The 

development of bio-based materials is consistent with the principles of Green Chemistry and 

Engineering, which pertain to the design, commercialization, and use of processes and 

products that are technically and economically feasible while minimizing the generation of 

pollution at the source and the risk to human health and the environment. It focuses on 

general methods of production, properties, and commercial applications. The main aim of the 

article is to examine the future challenges and trends in this field and bringing this material 

into wide range of applications. 
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INTRODUCTION 

Bio-based polymers are materials 

which are developed from renewable 

resources. The term bio-based and bio-

degradable polymers are used widely in the 

literature, but there is a major difference 

between the types of polymers. Bio based 

polymers can be a non-degradable 

(e.g.Biopolyhethylene) or biodegradable 

(polylatic acid). While many biodegradable 

are bio-based & not all bio-based polymers 

are biodegradable (eg. starch).Fujishu is 

very much interested in bio-based polymers 

such as polylactic acid (PLA), they are 

developed from raw plants materials in the 

effort to reduce the environmental burden 

&to reduce oil utilization (Mochizuki, 

2001). In 2000 Koichi Kimura and 

YuzoHorikoshi developed PLA carrier tape 

for transporting & mounting LSI’s 

(Hashitani, 2000). After that in March 2000 

they augmented the composition for the IR 

mask cover of note book personal computer 

(Nozaki, 2003). Currently, bio-based 

polymers hold a tiny fraction of total global 

plastic markets. Recently, they share only 

less than 1% of the total market. At the 

current growth rate, it is expected that it will 

account for just over 1% of polymers in 

2015 (Doug 2010). The interest in bio-based 

polymers has been increased worldwide in 

recent years due to find non-fossil based 

polymers. ISI Web of Science and Thomas 

Innovations mentioned that, there is rapid 

increase in the number of publication 

citations on bio-based polymers and 

application in recent years. 

Bio-based polymers propose an 

important contribution by reducing the 

dependence on fossil fuels and related 

environment impacts such as condensed 

carbon dioxide emission. There is 

worldwide demand for replacing petroleum 

–derived raw materials with renewable 

resource-based raw material for the in 

production of polymers. The first generation 

of bio-based polymers mainly pay attention 

on deriving polymers from agricultural 

crops such as corn, potatoes, and other 

carbohydrate feedstocks. However, the focus 

has shifted in recent years due to a desire to 

move away from food-based resources and 
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significant breakthroughs in biotechnology. 

Natural bio-based polymers are the other 

class of bio-based polymers which are found 

naturally, such as nucleic acids and 

polysaccharides. 

In this paper, an outline of bio-based 

polymers made from renewable source and 

also the natural polymers derived from 

plants and animals organs is presented. The 

review will specialized in the area like 

research, property, applications& the future 

trends for bio-based polymers. This paper 

discuss about polymers that can replace 

petroleum based polymers such as PLA, 

polyesters. 

Bio -Based Polymeric Materials 

The use of the renewable 

biopolymers in totally for the production of 

polymeric materials would reduce the 

amount of synthetic polymers needed and 

hence lower the amount of petroleum oil 

needed. This could free up the oil for 

conventional straight energy uses. As well, 

the use of the renewable natural biopolymer 

in polymeric material application could 

result in improving properties & imparting 

advantageous traits into the material making 

the use of renewable natural biopolymer 

important and its rights. Especially 

discordant environmental concern caused 

the clearance of non-degradable plastic from 

petroleum based material could also make 

the use of bio-based material an essential. 

Biomass-derived materials are being 

developed at major levels. For eg: in 

1983US paperboard fabrication was 67 

million t, and the biomass resultant textiles 

output at 1.2 million t. However, their use in 

plastic resins & in new material application 

like composite is insignificant. Cellulose 

acetate films have been used in film base of 

photography, as a frame material in 

eyeglasses, display card, etc. but these utility 

are now being vanished due to 

polypropylene, which is more dimensionally 

stable. 

 

Fig: 1 Production capacities of bio-polymer 

Worldwide in 2010 
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HISTORICAL OUTLINE 

 During 1980s and mainly in 1990s, a 

reappear of bio-based polymers is 

recognizable in certain application areas. 

One of the main drivers for this expansion in 

the last two decades was a goal to provide 

the market with polymers that are 

biodegradable. In theory, biodegradable 

polymers can also be pretend from 

petrochemical raw materials. But here the 

bio-based polymers, defined as the polymers 

that are incompletely or entirely formed 

from renewable raw material have so far 

played an important role in the field of 

biodegradable polymers. These 

enlargements have also been a motivation 

for R &D on bio-based polymers which are 

not biodegradable. 

For mainly 2 reasons in Europe the 

biodegradable polymers were originally 

introduced to the market. First reason is that 

the imperfect level of the landfill capacity 

has become more and more a danger and the 

second reason is the bad general image of 

plastic in the public called for more 

environmentally friendly products.In a wide 

range of application cellulose has been 

played a vital role for many decades. Mainly 

due to polyolefins, themarket of the bio-

based polymers has lost in the meantime. In 

the year of 1980 more and more starch 

polymers have been introduced. To date, 

starch polymers are one of the most 

significant groups of commercially available 

bio-based materials. At the beginning, 

simple products such as pure thermoplastic 

starch and starch/polyolefin blends were 

introduced. Due to the imperfect 

biodegradability of starch/polyolefin blends 

these products had a unconstructive impact 

on the public attitude towards biodegradable 

polymers and they damaged the image of the 

companies concerned. It took many years to 

restore this damage, which was 

achievedmainly by beginning of more 

superior copolymers consisting of 

thermoplastic starch and biodegradable 

petrochemical copolymers.   

Well-known R&D performance were 

conducted to build up cheaper and simpler 

ways of producing polyhydroxyalkanoates 

(PHA), reaching from creation by 
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fermentation to direct synthesis in crops. 

Monsanto concluded their activities in this 

area in 1999 since the envisioned PHA 

yields for the production in crops (e.g. 

maize) were not reached as a considerable 

progress was undeniably made in this field. 

Monsanto had played a very important role 

in this area he had retreat revived doubts 

about the feasibility and the sensibleness of 

commercializing large-volume bio-based 

polymers (e.g. Gerngross and Slater, 2000). 

On the other hand R&D has continued in 

public and private organisations.In the 

period in-between major advancement has 

been made in industrial production of other 

types of bio-based polymers. Most 

prominently, Cargill Dow, a joint project of 

Cargill and Dow started up a plant in 

Nebraska in 2001 for the construction of 

polylatic acid (PLA)with a total capacity of 

140 kt per year (Dow announced to pull out 

of this venture due to a strategic shift in their 

product portfolio). Separately from being the 

monomer for PLA, lactic acid has also the 

potential to become a new (bio-based) bulk 

chemical from which a variety of other 

chemicals and polymers can be produced ( 

propylene glycol, propylene oxide and 

others).Laticacis has also the potential to 

become a new bulk chemical from a variety 

of other chemical and polymers can be 

produce than from being the monomer for 

PLA. 

POLYHYDROXYALKANOATES 

Polyhydroxyalkanoates (PHAs) are 

the family of polyesters created by bacterial 

fermentation with the impending to 

exchange conventional hydrocarbon-based 

polymers. PHAs occur certainly in a 

multiplicity of organisms, but 

microorganisms can be engaged to tailor 

their production in cells. 

Polyhydroxybutyrate (PHB), the modest 

PHA, was revealed in 1926 by Maurice 

Lemoigne as a principal of the bacterium 

Bacillus megaterium (Lemoigneet al., 

1923). 

By using several renewable waste 

feedstocks PHA can be formed. A generic 

process toproduce PHA by bacterial 

fermentation involves fermentation, 

isolation, and purification from fermentation 



 

CURRENT STATUS AND FUTURE TRENDS IN BIO-BASED POLYMERS - Sneha S, AnanthaReshma and MansoorAniNajeeb 
  July 2013 Volume 1 ( 2) Page 98 

ISSN 2321 – 743X 

broth. A large fermentation vessel is filled 

with mineral medium and inoculated with a 

seed culture that encompasses bacteria. The 

feedstocks include cellulosics, vegetable 

oils, organic waste, municipal solid waste, 

and fatty acids depending on the specific 

PHA required. The carbon source is fed into 

the vessel until it is expended and cell 

growth and PHA addition is complete. In 

overall, a minimum of 48 h is compulsory 

for fermentation time. To segregate and 

purify PHA, cells are determined, dried, and 

removed with solvents such as acetone or 

chloroform. The remaining cell debris is 

detached from the solvent having dissolved 

PHA by solid-liquid separation process. The 

PHA is then occasioned by the accumulation 

of an alcohol (e.g. methanol) and improved 

by a precipitation process (Kathiraseret al., 

2007). 

As the constituents of PHA more 

than 150 PHA monomers have been 

identified (Steinbüchel and Valentin 1995). 

With a wide range of properties such 

diversity allows the production of bio-based 

polymers tailored of specific applications. 

Poly-3-hydroxybutyrate was the chief 

bacterial PHA recognised. It has established 

the greatest care in terms of pathway 

classification andIndustrial-scale production. 

It possesses alike thermal and mechanical 

properties to those of polystyrene and 

polypropylene (Savenkovaet al., 2000). 

Conversely, due to its deliberate 

crystallization, slender processing 

temperature range, and affinity to ‘creep’, it 

is not attractive for many applications, 

requiring development in order to overcome 

these shortcomings (Reis et al., 2008). 

Numerous companies have established PHA 

copolymers with normally 80% to 95% (R)-

3-hydroxybutyric acid monomer and 5% to 

20% of a second monomer in order to 

progress the assets of PHAs. 

The first commercial plant for PHBV 

was built in the USA in a joint venture 

between Metabolix and Archer Daniels 

Midland. However, the joint venture 

between these two companies ended in 

2012. Currently, Tianan Biologic Material 

Co. in China is the largest producer of PHB 

and PHB copolymers. Tianan's PHBV 
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contains about 5% valerate which improves 

the flexibility of the polymer. Tainjin Green 

Biosciences, China, investedalong with 

DSM to build a production plant with 10-

kton/year capacity to produce PHAs for 

packing and biomedical applications (DSM 

press release 2008).Their thermal and 

mechanical properties be subject to on their 

composition and PHA polymers are 

thermoplastics. PHB is comparable in its 

material possessions to polypropylene, with 

a good opposition to moisture and aroma 

obstacle properties. Polyhydroxybutyric acid 

synthesized from pure PHB is rather brittle 

and stiff. PHB copolymers, which may 

contain other fatty acids such as beta-

hydroxyvaleric acid, may be elastic 

(McChalicher and Srienc 2007).PHA and its 

copolymers are widely used as biomedical 

implant materials. Various applications of 

PHA and their polymer blends areScaffolds, 

nerve regeneration, soft tissue, artificial 

esophagus, drug delivery, skin regeneration, 

food additive etc. These include sutures, 

suture fasteners, meniscus repair devices, 

rivets, bone plates, surgical mesh, repair 

patches, cardiovascular patches, tissue repair 

patches, and stem cell growth. 

POLYLACTIC ACID 

Polylactic acid is not commercially 

known until 1990 but has been known since 

1845. With the basic constitutional unit 

lactic acid PLA belongs to the family of 

aliphatic polyesters. The monomer lactic 

acid is the hydroxyl carboxylic acid which 

can be gained via bacterial fermentation 

from corn (starch) or sugars attained from 

renewable resources. While other renewable 

resources can be used, corn has the benefit 

on condition that a high-quality feedstock 

for fermentation which resultsin a high-

purity lactic acid, which is vital for an well-

organized synthetic process. L-lactic acid or 

D-lactic acid is acquired depending on the 

microbial strain used through the 

fermentation process. 

After the implementation of Cargill 

Dow’s PLA production plant in 2002, PLA 

has procured the second type bio-based 

polymer which was commercialized and 

produced on a large scale. PLA can be 
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synthesized from lactic acid by direct 

polycondensation reaction or ring-opening 

polymerization of lactide monomer. Still, it 

is hard to attain high molecular weight PLA 

via polycondensation reaction because of 

water formation during the reaction. Nature 

Works LLC (previously Cargill Dow LLC) 

has advanced a low-cost continuous process 

for the production of PLA (Erwin et al., 

2007). In this progression, low molecular 

weight pre-polymer lactide dimers are 

formed during a condensation process. In 

the second step, the pre-polymers are 

converted into high molecular weight PLA 

via ring-opening polymerization with 

selected catalysts. Depending on the ratio 

and stereo chemical nature of the monomer 

(L or D), various types of PLA and PLA 

copolymers can be obtained. 

As it shares some similarities with 

hydrocarbon polymers such as polyethylene 

terephthalate (PET), PLA is a commercially 

interesting polymer. It has many unique 

characteristics, including goodclearness, 

glossy form, high rigidity, and ability to 

tolerate various types of processing 

circumstances.PLA has the potential to 

replace traditional polymers such as PET, 

PS, and PC for packaging to electronic and 

automotive applications as PLA is a 

thermoplastic polymer (Majidet al., 2010). 

At the same time as PLA has related 

mechanical property to traditional polymers, 

the thermal properties are not attractive due 

to low Tg of 60°C. This problem can be 

overcome by changing the stereochemistry 

of the polymer and unification with other 

polymers and dispensation aids to advance 

the mechanical properties, e.g., unreliable 

the ratio of L and D isomer ratio strongly 

influence the crystallinity of the final 

polymer. On the other hand, much more 

work is necessary to improve the properties 

of PLA to suit different applications. 

 In many day-to-day applications 

PLA is extensively used. It has been 

generally used in food packing (together 

with food trays, tableware such as plates and 

cutlery, water bottles, candy wraps, cups, 

etc.). Even though PLA has one of the 

maximum heat resistances and mechanical 

strengths of all bio-based polymers, it is still 
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not fit for use in electronic devices and other 

engineering applications. NEC Corporation 

(Japan) newly produced a PLA with carbon 

and kenaf fibers with enhanced thermal and 

flame retardancy properties. Fujitsu (Japan) 

developed a polycarbonate combine with 

PLA to make computer housings. Currently, 

PLA has been engaged as a membrane 

material for use in automotive and chemical 

industry. 

BIO-BASED NATURAL POLYMERS 

This group consists of naturally 

occurring polymers such as chitin, and 

various polysaccharides and proteins. These 

materials and their derivatives propose a 

wide variety of properties and applications. 

In this area, a few of the natural bio-based 

polymers and their applications in different 

fields are discussed. 

Chitin and Chitosan 

These are the valuable bio-based 

polymers derived from shell of prawns and 

crabs and the most abundant natural amino 

polysaccharide. By the chemical extraction 

process from crab, shrimp, and prawn 

wastes chitin and chitosan are widely 

produced (Roberts 1997). The chemical 

extraction of chitin is rather an aggressive 

procedure based on demineralization by acid 

and deproteination by the action of alkali 

followed by deacetylated into chitosan. 

Chitin can also be formed by using enzyme 

hydrolysis or fermentation method, but these 

processes are not economically feasible on 

an industrial scale (Win and Stevens 2001). 

At present, there are few industrial-scale 

plants of chitin and chitosan worldwide 

situated in the USA, Scandinavia, and Asia 

(Ravi Kumar 2000). 

Chitosan displays motivating 

distinctiveness including biodegradability, 

biocompatibility, chemical inertness, high 

mechanical strength, good film-forming 

properties, and low cost (Marguerite 2006; 

Virginia et al., 2011; Liu et al., 2012). 

Chitosan is being used in a enormous array 

of extensively reliable products and 

applications ranging from pharmaceutical 

and cosmetic goods to water treatment and 

plant security. Different properties are 

desired for each application with the degree 
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of acetylation and molecular weight. 

Chitosan is well-matched with many 

biologically active components integrated in 

and also, it inhibits fungal growth. For food 

preservation it is used in the food industry 

these properties are used, (Conca and Yang 

1993). In current years, pullulan has also 

been studied for biomedical applications in 

various aspects, including embattled drug 

and gene delivery, tissue engineering, 

wound curing, and yet in diagnostic imaging 

medium (Rekha and Chrndra 2007). Oral 

care products include in the emerging 

products of pullulan (Barkalowet al., 2002) 

and dietary supplements and 

pharmaceuticals capsule formulation 

(Leathers 2003), foremost to enlarged 

require for this unique biopolymer.

 

Fig: 2 Molecular structure of Chitin (Source: www.dietpulluniverse.com, DOA: 14/5/2013) 

 

Fig: 3 Molecular structure of Chitosan (Source: www.dietpulluniverse.com, DOA: 14/5/2013) 

 

Collagen and Gelatin 
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In connective tissue and extracellular 

matrix collagen is the major insoluble 

fibrous protein. In the animal kingdom it is 

single most abundant protein. There are at 

least 27 types of collagens, and thestructures 

all provide the same principle: to help 

tissues survive stretching. The most profuse 

sources of collagen are pig skin, bovine 

hide, and pork and cattle bones. Conversely, 

the industrial use of collagen is obtained 

from nonmammalian collection (Gomez-

Guilleet al., 2011). Gelatin is obtained all 

the way through the hydrolysis of collagen. 

The degree of exchange of collagen into 

gelatin depends on the pretreatment, purpose 

of temperature, pH, and withdrawal time 

(Johnston-Banks 1990). 

 

Fig: 4Structural unit of Gelatin [Water structure and science- Martin Chaplin] 

Due to the biocompatibility, 

biodegradability and weak antigenicity of 

collagen it is said to be the one of the most 

useful biomaterials (Maeda et al., 1999). 

The most important application of collagen 

films in ophthalmology is as drug delivery 

systems for deliberate discharge of 

incorporated drugs (Rubin et al., 1973). It 

was also used for tissue engineering with 

skin substitution, bone substitutes, and 

artificial blood vessels and valves (Lee et 

al., 2001).Newly in the food industry, an 

growing number of new applications have 

been originate for gelatin in products in line 

with the growing development to restore 

synthetic agents with more natural ones 
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(Gomez-Guilleet al., 2011). These include 

emulsifiers, foaming agents, colloid 

stabilizers, biodegradable film-forming 

resources, and microencapsulating agents. 

CURRENT STATUS AND FUTURE 

TRENDS 

The make use of bio-based 

feedstocks in the chemical sector is not a 

novel thought. For more than one decade 

they have been industrially feasible on a 

large scale. Though, the price of oil was so 

cost-effective, and the enlargement of oil-

based products produced so many 

opportunities that bio-based products were 

not prioritized at the time,quite a few factors 

such as the restrictions and processing 

equipment. There is immense knowledge on 

additive-based chemistry developed for 

improving the concert and processing of 

fossil fuel-based polymers, and this 

knowledge can be used to develop new 

additive chemistry to improve the 

performance and properties of bio-based 

polymers (Ray and Bousmina 2005). 

Additives are being developed to improve 

the performance of the bio-based polymers 

such as PLA & PHA, by blending with other 

polymers or making new copolymers. Still, 

the preservative market for bio-based 

polymers is still very small, which makes it 

complex to defend major development 

efforts according to some key additive 

provider companies. 

The use of nanoparticles as additives 

to enhance polymer presentation has long 

been recognized for petroleum-based 

polymers. A range of nano-reinforcements 

presently being developed consist of carbon 

nanotubes, nanoclays, 2-D layered materials, 

and cellulose nanowhiskers. Combine these 

nanofillers with bio-based polymers could 

develop a large number of physical 

properties, including barrier, flame 

resistance, thermal constancy, solvent 

uptake, and rate of biodegradability, relative 

to unchanged polymer resin. These 

improvements are commonly attained at low 

filler substance, and this nano-reinforcement 

is a very attractive route to make new 

functional biomaterials for different 

applications. 
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There are still numerous factors which 

need to be determined for the long-term 

viability of bio-based polymer, although 

new bio-based polymers are produced on 

large scale. As global demand for food and 

energy increases over time it is expected that 

there will be feedstocks competition. 

Currently, renewable feedstocks used for 

industrialized bio-based monomers and 

polymers often compete with requirements 

for food-based products. The extension of 

first-generation bio-based fuel fabrication 

will place untenable demands on biomass 

resources and is as much a threat to the 

sustainability of biochemical and 

biopolymer production as it is to food 

production (Michael et al., 2011). Certainly 

the European commission has tainted its 

targets downwards for first-generation 

biofuels since October 2012, representing its 

inclination for non-food sources of sugar for 

biofuel production (EurActiv.com 2012). 

More than a few initiatives are underway to 

use cellulose-based feedstocks for the 

production of usable sugars for biofuels, 

biochemical, and biopolymers (Jong et al., 

2010). 

CONCLUSIONS 

Bio-based polymers are nearer to the 

certainty of replacing conventional polymers 

than ever before. At the present time, 

biobased polymers are frequently found in 

many applications from commodity to hi-

tech applications due to encroachment in 

biotechnologies and public awareness. Yet, 

in the face of these advancements, there are 

still some drawbacks which avoid the wider 

commercialization of bio-based polymers in 

many applications. This is mainly due to 

concertand price when compared with their 

conventional counterparts, which remains a 

significantconfront for bio-based polymers. 
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