
Chemistry & Biology

Innovations

Biobased Performance Bioplastic: Mirel

Barry E. DiGregorio
DOI 10.1016/j.chembiol.2009.01.001

Each year over 140 million tons of petro-

leum-based polymers are produced world-

wide and used in the production of such

plasticsaspolyethylene, polystyrene, poly-

vinyl chloride, polyurethane, and others.

Mostly using oil, coal, and natural gas

as raw materials for their manufacturing,

these plastics are common in every facet

of our lives from the pharmaceutical

industry to household use. Approximately

10% of all the oil and gas that the United

States produces and imports is used in

the production of synthetic plastics, and

the market is expected to grow at a rate

of up to 15% per year. While these prod-

ucts hold up well to our fast-paced, throw-

away society, disposed plastic materials

can remain in the environment for up to

2,000 years and longer. In 2005, the U.S.

Environmental Protection Agency (EPA)

stated that of the 4.4 million tons of

synthetic plastics discarded in the United

States, only 5.7% was recovered and re-

cycled, with the rest ending up in landfills,

lakes, and oceans. This statistic highlights

the need for a renewable, all-natural

replacement for petroleum-based plastics.

In July 2007, Metabolix Inc., of Cam-

bridge, MA, first test marketed its fully

biodegradable performance bioplastic,

Mirel, to 129 Target Corporation depart-

ment store chains across the United

States. Mirel is a product of corn sugar

fermentation with proprietary genetically

engineered bacteria. ‘‘The Target gift

card can completely biodegrade in

a home compost in about 40 days,’’ says

Brian Igoe, vice president and chief brand

officer at Metabolix. The name Mirel is

meant to imply ‘‘miracle of nature.’’ When

asked about details on the process Me-

tabolix uses to derive over 80% dry weight

in bioplastic polymers, polyhydroxyalka-

noates (PHAs) from its fermentation

process, Oliver Peoples, Ph.D., Metabolix

cofounder and chief scientific officer re-

sponded, ‘‘We don’t disclose how long

the process takes from start to finish, but

I can describe the steps involved: we

feed corn sugar to our engineered

microbes inside fermentation tanks. The

microbes then convert the corn sugar

into complete bioplastic polymers within

the cells. This is the way the microbes

store energy, just as humans store fat.

We then extract the Mirel and turn it into

resin pellets.’’ The biggest selling point

for Mirel, though, is that it is a fully biode-

gradable biopolymer.

A Short History of Bioplastics
French chemist and bacteriologist

Maurice Lemoigne first discovered that

Gram-positive bacterium Bacillus mega-

terium produced an intracellular biopo-

lyester, polyhydroxybutyrate (PHB), while

working at the Lille branch of the Pasteur

Institute in 1926. Today, PHBs are recog-

nized as one of the most commonly

derived forms of polyhydroxyalkanoate

(PHA). Since then, over 100 PHAs have

been identified from a wide range of

microorganisms found in the environ-

ment. Lemoigne’s discovery, however,

would have to wait for nearly 55 years

before it would become fully appreciated.

It wasn’t until the 1980s that chemists

and biologists began to seriously consider

petroleum-based plastics as a gross waste

product problem. An intensive search

began to look for new ways to make them

degrade in municipal and industrial waste

facilities. This experimentation period led

to the discovery that chemical additives

and certain strains of genetically altered

microorganisms could help accelerate the

breakdown of petroleum-based plastics

to a limited extent. Additionally, it became

apparent that the biobased bioplastic

material, like polylactic acid (PLA), could

be derived from the microbial fermentation

of natural substrates such as starch and

oils. Each of these bioplastics had their

own properties that made them useable

in various fields, such as medicine, auto-

mobile manufacturing, packaging, and

others. The most significant aspect of

bioplastics was that they could be made

from entirely renewable resources.

It was during this experimental time

period in polymer science history that

Peoples, then molecular biologist from

the University of Aberdeen in Scotland,

came to the Massachusetts Institute of

Technology as a research scientist to

work on the genetic engineering of micro-

organisms that make bioplastics. He

and an MIT colleague, Anthony Sinskey,

Sc.D., successfully isolated the first

enzyme in the biological process to make

bioplastic, a thiolase. ‘‘In the mid-to-late

1980s, we found the genes needed to

make bioplastic, and we filed the first

patent applications in 1987,’’ Peoples

said. However, the patent applications

did not issue until 1993, one year after

Peoples and Sinskey founded Metabolix,

Inc., a biosciencecompany theyconceived

as an answer to renewable and sustainable

solutions for petroleum-based plastics.

‘‘From there it took a few years to develop

the first generation of commercial PHA-

producing strains,’’ he explained.

In 1990, the British company Imperial

Chemical Industries (ICI) developed a

bioplastic called Biopol made from PHB

that once buried in soil, was broken down

by microorganisms in a matter of a few

months. This led to a bioplastic revolution,

resulting in a number of large-name

companies such as Du Pont, Proctor

and Gamble, and Exxon all joining the

hunt. Although numerous attempts were

made to make the production of new

bioplastics economical, the cost was not

able to compete with petroleum-based

plastics. In addition, the stability and

quality of the bioplastics were combined

with their biodegradability. Problems with

the term ‘‘biodegradable’’ prompted the
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(ASTM) and the International Standards

Organization (ISO) to come up with an

official definition for biodegradable as

follows: ‘‘capable of undergoing decom-

position into carbon dioxide, methane,

water, inorganic compounds, or biomass

in which the predominant mechanism is

the enzymatic action of microorganisms,

that can be measured by standard tests

in a specified period of time, reflecting

available disposal condition’’ (http://

www.astm.org/).

Usually, before a company introduces

a new bioplastic resin (as pellets) to the

commercial market, an independent life

cycle assessment (LCA) report is ordered

to examine the impact on the potential of

the bioplastic to replace petroleum-based

plastics. Prospective buyers of the bio-

plastics can read the LCAs and identify

the products with superior properties.

To assess the LCA of Metabolix’s new

biopolymer Mirel, Bruce Dale, Ph.D.,

a professor of Chemical Engineering and

former chair of the Department of Chemi-

cal Engineering and Materials Science at

Michigan State University was hired to

assess the LCA of Mirel. His conclusions,

based on a case study, were that ‘‘Mirel

can provide 200% reduction in green-

house gas emissions along with an over

a 95% reduction in the use of nonrenew-

able energy as compared to petroleum-

based plastics’’ (Kim and Dale, 2008).

While none of the bioplastic resins on

the market today meets the need for every

petroleum-based plastic product made,

the race is on to see what company can

make the most useful, economical, and

fully biodegradable bioplastic. While bio-

plastics such as PLA are compostable,

they are not fully biodegradable.
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For PLA or any bioplastic to be consid-

ered fully biodegradable, it would have to

be able to biodegrade in the marine envi-

ronment. According to a recent article

(Moore, 2008), the world’s oceans and

sea life are threatened by the enormous

amounts of plastics they contain. The

author of the paper, Charles James

Moore, the founder of the Algalita Marine

Research Foundation in Long Beach, CA,

says, ‘‘Estimates of plastics in the world’s

oceans exceed over 100 million tons and

in the Central North Pacific Gyre, pieces

of plastic outweigh surface zooplankton

by a factor of 6 to 1.’’ On the subject of

bioplastics, he added, ‘‘Initial composting

studies have shown a slight diminution in

metabolic rate of compost organisms

when PLA was added. This could be inter-

preted as PLA being slightly toxic. PHA is

superior because it has been shown to

meet the ASTM standard for biodegrad-

ability in the marine environment, whereas

PLA might remain for up to a thousand

years. However, I am against all land-

based products and activities adding

nutrients to the marine environment,

which is already on its way to eutrophica-

tion in urban and agricultural coastal areas

worldwide.’’

In 2006, Metabolix formed an alliance

with the Archer Daniels Midland Company

(ADM) and announced that they will begin

to produce 110 million pounds of commer-

cial grade Mirel annually starting in the

second quarter of 2009, through a joint

venture they call Telles, a name derived

from an ancient Roman earth goddess,

Tellus. ADM is known for working with

farmers and processing the crops to

make food ingredients, animal feed ingre-

dients, renewable fuels, and naturally
ª2009 Elsevier Ltd All rights reserved
derived alternatives to industrial chemi-

cals. The new state-of-the-art bioplastic

microbial fermentation facility is nearing

completion in Clinton, IA. The facility is

conveniently located adjacent to ADM’s

wet corn milling plant, where the corn will

be separated into grain, starches and

sugars, allowing Metabolix to pipe in the

corn sugar component for the fermenta-

tion process in its bioreactor factory.

Can Bioplastics Be Competitive
during a Recession?
The big question facing all companies

making biopolymer products is if they

can weather the economic storm during

the current challenging time period. At

this time, Metabolix is selling Mirel pellets

at $2.25 per pound, which is three times

higher than the price of polypropylene.

Metabolix’s Brian Igoe says, ‘‘We don’t

compete on price for market share

because we’re positioned as a premium

product with premium environmental

attributes. It’s especially applicable for

the packaging of high-end products such

as cosmetics, or for applications such as

agricultural mulch film that can be tilled

into the soil to eliminate waste while saving

farms retrieval and disposal costs.’’

Thus, only time will tell if the Mirel prop-

osition holds up.
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