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At present, most plastic materials that are widely used on daily 
basis are non-biodegradable products derived from fossil fuels. Due 
to the increase in population and industrialization, there is now 
increased awareness of the impact of these non-biodegradable plastics 
on the environment. A lot of efforts are now geared towards developing 
various biodegradable plastics. Biodegradable polymers can be broadly 
classified under polynucleotides, polyamides, polysaccharides, 
polyoxoesters, polythioesters, polyphosphates, polyisoprenoides 
and polyphenols [1]. Poly[(R)-3-hydroxybutyrate] (PHB), the most 
widely studied member of PHA (polyoxoesters) is very promising 
as a biodegradable plastic because of its material properties which 
are comparable to those of the polypropylene [2]. PHB is a natural 
polymer produced by many bacteria as carbon and energy storage 
materials. PHB can be synthesized from renewable low-cost feedstocks 
and its polymerizations are operated under mild process conditions 
with minimal environmental impact [3]. A good number of microbial 
strains are known to produce PHB under certain growth conditions. 
Among these groups of bacteria, R. eutropha and A. latus are the most 
widely studied [4,5], and very high PHB contents up to 76% (w/w) have 
been reported [6]. Furthermore, PHB can be degraded in both aerobic 
and anaerobic environments, without forming any toxic products [7]. 
PHB can be used as biomaterials (e.g., bone regeneration, dressing 
of wounds, sutures, etc.) [8]. In addition, it can be used as packaging 
materials [9]. Some studies have also shown that PHB can serve as 
micro-particulate carrier of drugs [10].

In the past few years, a few companies have tried to commercialize 
PHB. In 1980s, Imperial Chemical Industries initiated pilot scale 
production of PHB. Following this development, Monsanto bought 
all the patents for making PHB from ICI/Zeneca and started it under 
the trade name, “Biopol”. More recently, a company called Metabolix, 
took over from Monsato and formed an alliance with Archer Daniels 
Midland Company, in 2004, to produce PHB commercially, starting 
with a 100-million-pound-per-year plant to be established in the US. It 
has been predicted that production of 50 billion pounds of PHB would 
account for about half of the petrochemical plastics currently used in 
the United States, and this would invariably reduce oil imports by over 
200-230 million barrels per year, improving the U.S. trade balance by
$6-9 billion per year, based on the estimated oil price at $30-40 per
barrel.

It is envisaged that replacement of petroleum-based plastics with 
PHB would have several economic advantages. However, to make 

fermentative production of PHB (Figure 1) economically competitive 
with those of the petroleum-based plastics, cheap renewable materials 
(e.g. agro industrial residues) are under research [11]. Although most 
fermentative production of PHB (Figure 1) have been examined using 
starchy and soluble sugars, no information is available regarding the 
use of cellulose materials as carbon substrates. The big question remains 
if it is feasible to design and pilot a continuous biorefinery system to 
utilize crop residues for green production of the future biodegradable 
bioplastics.
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Figure 1: Fermentative Production of PHB.
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