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From a family-run business to a multinational compay
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M&G is a multinational, family-run company established in
1953 by Vittorio Ghisolfi. It is headquartered in Italy and is
the country’s second largest chemical company.The Group is
comprised of three business units: PET Polymers, Acetates and
Engineering. It has more than 20 manufacturing and research
locations in Brazil, Mexico, China, India, the USA and Italy.

M&G employs about 2,300 people with approximately 100 staff
in Chemtex R&D Centers located in Rivalta Scrivia, Italy and
Sharon Center (OH), USA. In the last few years, the Group has
invested a considerable portion of its revenues in Research and
Development and has achieved major goals in the development
of innovative technologies.
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Gruppo Mossi & Ghisolfi (“M&G") is a multinational chemical company
owned by the Ghisolfi family. Established in 1953 by Vittorio Ghisolfi as a
manufacturer of plastic packaging for consumer applications, M&G has
grown to become one of the world’s largest producers of PET resin. Annual
turnover of the Group is approximately USD 3 billion.
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M&G has always been a forward-looking company with regards toinnovation
and new technologies. Throughout its history, M&G has developed best-in-
class solutions that have proven beneficial to both its customers and the
markets they serve. The Group's investment into green chemistry and bio-
fuels research and development over the past years confirms its strong

propensity for innovation and the resultant achievements will pave the way
to a true revolution in these industrial sectors.
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Chemtex is the global engineering and technology division within M&G.
Acquired in 2004, Chemtex today specializes in delivering value-added
project solutions for its clients in the bio-fuels, renewable chemicals, energy,
environmental, petrochemical, polymers and fibers industries through its
operations in Italy, the United States, India and China. With its strong
capabilities in process engineering and R&D, and with the strong support of
its parent, Chemtex has developed break-through technology to produce
clean fermentable sugars from cellulosic biomass that can be subsequently
converted into bio-fuels or sustainable chemicals. The PRO.E.SA™ Process is
the break-through technology platform that will make cost-effective bio-
refineries and sustainable chemicals a reality.
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Climate, alternative energy and sustainable development.
Green chemistry solutions
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New, clean technologies such as wind and solar are being developed in
the energy field whereas in the transportation sector, fuels derived from
oil remain vital.

The use of oil in transports
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According to forecasts from the International Energy Agency (IEA), oil
consumption is expected to keep growing and 97% of this increase will
be associated with demand related to transportation. This will have a
direct environmental impact: 25% of greenhouse gas production is
attributed to emissions related to the transportation industry.
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QOil is a major raw material for the petrochemical industry which produces
products that play an important role in our daily lives. Most base
chemicals, which can be found in a huge variety of daily use products, are
derived from oil: about 4% of oil production is currently used to produce
petroleum derivatives such as olefins and polyolefins, solvents, polymers
(polyesters, nylon...) and paints.
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It is of paramount importance to identify alternatives to oil-based fuels
and chemicals for both the good of the climate and the environment.
Sustainable development through the production life cycle is
fundamental. Bio-fuels and biochemistry are our future. We need

implementable and concrete solutions that are economically viable
alternatives to oil and M&G and Chemtex are committed to finding them.
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Second-generation bio-fuels

Towards total sustainability
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Bio-fuels are not a new concept. The current production of bio-
diesel and bio-ethanol is about 20 billion liters and 74 billion liters
respectively: accounting for 1.5% of consumption in the transport
sector. Bio-diesel from waste oil, animal and vegetable fats and bio-
ethanol from grains and vegetables have been produced for several
years.
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As far as future bio-ethanol production is concerned, the choice of
feedstock is a critical consideration. So called “first generation” bio-
ethanol is produced mainly from corn, wheat or sugar cane. Ethical
and social concerns have been raised about the exploitation of food

crops for bio-fuel production especially considering the food needs
for the world’s growing population.
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Questions about the environmental sustainability of the first
generation bio-ethanol production process have also been raised.
Many assume that the CO2 balance is neutral when bio-fuels are used
because the carbon dioxide generated by an internal combustion
engine is the same as that sequestered by crop fields a few months
earlier. However, if we take into consideration the entire production
life cycle that includes biomass production, harvesting and transport,
crop irrigation and fertilization, bio-fuel production and transport and
assume that fossil fuels are used for these energy-consuming activities,
the CO2 balance may therefore be negative. In other words, CO2
sequestered millions of years agois released backinto the environment.
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Using a structured Life Cycle Analysis (“LCA”) tool, the European Union
has determined the CO2 sequestration capacity of different types of
bio-fuels and ruled that effective as of 2014, fuels having a
sequestration capacity below 50% can no longer be considered “bio-
fuels”. By 2017, this percentage will raise up to 60%. Cellulose, algae,
straw and sugar cane are above this 60% threshold, while corn, wheat,

soybean and palm are below it. These determinations are consistent
with those in the USA.
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Chemtex’s Research and Development.

The PRO.E.SA™ Project
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The development of the bio-fuels industry is a
strategic objective set by the Kyoto Protocol. The
target imposed by the European Union requires that
10% of bio-fuels be of biological origin by 2020.
Therefore Italy will need at least 1.5 million tons of
bio-ethanol, to be mixed with gasoline. In the USA,
the Energy and Security Independence Act (“EISA”)
mandates that 16 billion usg of advanced biofuel in
the form of cellulosic ethanol be used by 2022.
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M&G believes that new-generation bio-fuels must
satisfy the following fundamental considerations if
they are to be viable and broadly accepted: they must
be produced at a price that is competitive to gasoline
produced from oil at USD 60-70/bbl, they must be
environmentally sustainable with respect of overall

Green House Gas sequestration, they must be
agronomically sustainable in that the feedstock
does not adversely impact the food chain while still
being profitable for the farmer.
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With this in mind, M&G, through Chemtex, started
its investigation into this sector at the beginning of
2007. Having quickly determined that the
aforementioned fundamentals were achieveable,
the PRO.E.SA™ Project a 120 million euro research
and development project to produce bio-ethanol
from ligno-cellulosic material (i.e.
generation” bio-ethanol)- was started in earnest.
Government agencies such as ENEA, the ltalian
National Agency for New Technologies, Energy and
Environment and Turin’s Politecnico provided
research support and the European Union’s Biolyfe
Program and Italy’s Piedmont Region assisted with
economic support, highlighting the strategic
importance of research for the regional territory.
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KB T ABAMFTREIR Clean Fuel from Nature
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Giant Reed (Arundo donax L.) is a grass which grows spontaneously throughout
the Mediterranean Basin as well as in the Middle East and India. In Italy, it can be
found both in hilly and coastal areas. It is the tallest cane in Europe: it generally
grows to 6 meters and in ideal conditions it can exceed 10 meters over one year.
Its leaves are lance-like; it flowers in September/October, bearing upright,
feathery plumes. Its seeds are sterile. Its vegetative propagation takes place
through underground rhizomes.
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Council), CR.E.AR. (Research Centre for Non-

Conventional Renewable Energy) — and about one
hundred Italian researchers have been working on it

t\ﬁlt\d;:j]d;:j] EI\J E 1:11__\_ on a regular basis.
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PRO.E.SA™ is a holistic solution that starts in the field and TREMS, BIEZADALBLINE
ends with bio-product. PRO.ESA™ is a complex Wl
undertaking requiring integration of different sciences  On the agronomic side, energy crops are a favored
ranging from biochemistry and biotechnology to feedstock. Amongst those preferred is Giant Reed
agronomy and botany, from engineering to chemistry,  (Arundo Donax L.). Over a period of several years,
from technology development to process modelingand  Chemtex, in cooperation with Alasia Franco Vivai,
from biomass supply chain logistics to product off-take.  has assessed 89 different phenotypes of Giant Reed
This is the reason why the project was developed in  (Arundo donax L.), coming from Southern Europe,
cooperation with major scientific institutions in Italy -  North Africa, Southern Chinaand identified optimum
Turin’s Politecnico and University, Genoa University, ENEA  varieties for specific geographies, climates and soil
(The Italian National Agency for New Technologies, types. With biomass yields of up to 50 tons per
Energy and Environment ), C.R.A. (Agricultural Research hectare (dry matter basis), this represents an exciting
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Chemtex has developed break-through technology to transform ligno-cellulosic biomass into second-

generation ethanol. The process is based on 4 main steps: pre-treatment, hydrolysis, fermentation and

1 F4biE Pre-treatment
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Ligno-cellulosic  biomass (LCB) is basically composed of
polysaccharides: cellulose, hemi-cellulose and lignin. Access to
polysaccharides is the main obstacle to the use of LCB for bio-fuel
production. Cellulose and hemi-cellulose must be freed from the
lignin so that they can be hydrolyzed to the simple sugars which

are subsequently fermented to produce ethanol.
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Benefits of Chemtex'’s Technology

1. High flexibility: process parameters can be
adapted to many types of LCB including energy
crops, agricultural wastes, selected woody
biomass and sugar cane bagasse, ensuring
excellent access to polysaccharides.

Easy to scale up: Chemtex’s technology can be
easily adapted to large scale production.

No chemicals: only water vapor is used to free
polysaccharides from LCB. No acids or chemicals
are used. No special materials of construction
are required and the environmental impact of
the process is minimized.

Cost effective: By taking a holistic approach from
field to product, the PRO.E.SA™ Process combines
simplicity, flexibility and operability to achieve a
break-through with regards to lowering capital
expenditure and operating costs.
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The objective of pre-treatment is to break the ligno-cellulosic
matrix into its main polymeric components to make them
accessible to enzymes in the subsequent step. Chemtex has
developed a novel, low energy consumption pre-treatment
process using saturated water vapor to release polysaccharides
rapidly and without chemicals (e.g. acids) that results in a high
recovery yield of cellulose and hemi-cellulose without

production of furfural and HMF contaminants.

F4LFE Pre-treatment
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2 fiff%# Enzymatic hydrolysis
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Hydrolysis is used to obtain simple sugars from polysaccharides
freed by the pre-treatment step. PRO.E.SA™ Technology utilizes
enzymatic hydrolysis using a mix of cellulose enzymes
developed by best-in-class biotech partners which make it
possible to obtain hexoses (with 6 carbon atoms), such as
glucose, from the cellulose fraction and pentoses, mainly xylose
and arabinose, from the hemi-cellulose fraction.
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Hydrolysis comes from the Greek ydor (water) and /yo (to

dissolve). It is a chemical process in which a certain molecule is
split into two or more parts by the addition of a molecule of
water and it may sometimes be considered as the opposite of
condensation. There are various types of hydrolysis reactions;
some of them are spontaneous. In other cases a catalyst is
required, often an acid or base.In living organisms, hydrolysis is
often catalyzed by specificenzymes that belong to the hydrolase

family.

3 %% Sugar fermentation to ethanol
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Fermentation converts the clean sugars produced from the
PRO.E.SA™ Pre-Treatment and Hydrolysis Steps to ethanol using a
modified by brewer’s yeast (Saccharomyces cerevisiae). In order to
increase yields, the microorganism used in the process developed
by Chemtex makes it possible to convert all freed sugars, pentoses
and hexoses. The fermentation step produces beer with a high

ethanol concentration which reduces fermentor sizing and the
energy requirement in the subsequent distillation step.
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In the last step of the process, beer resulting from fermentation is
treated in a separate column to separate ethanol from fermentation
residues (mainly lignin). Ethanol exits from the top end of the
distillation column, while the solid fraction, comprising lignin and
other residues, is recovered at the bottom of the column. Since
lignin has a high heating value, it can be fed to a cogeneration unit
to produce steam and electrical power, thus ensuring self-
sufficiency from an energy perspective. The ethanol stream
undergoes a dehydration step to obtain a 99.0% pure product.

2 2% Whatis fermentation?
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Fermentation comes from the Latin fervere,
which means “to re-boil”. Fermentation
indicates any process catalyzed by a
microorganism. Ethanol fermentation is a form
of energy metabolism that takes place in some
yeasts in the absence of oxygen. It is
responsible for several processes that occur on
a daily basis, such as bread leavening or
winemaking. Fermentation is performed by a
class of microorganisms called Saccharomyces;
the most common of them is S. Cerevisiae,
which can be found in grape skin as well as in
brewer’s yeast. Fermentation occurs in two
phases: in the first one, the yeast breaks down
complex sugars (disaccharides, such as
sucrose) by means of the invertase enzyme;
ethanol is produced in the second phase from
simple sugars (e.g. fructose).
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From Pilot to industrial production
The Crescentino Plant
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The first second-generation bio-ethanol industrial
production plant in the world employing
Chemtex’s break-through PRO.E.SA™ Technology is
under construction at Crescentino (Vercelli). With
the Italian Bio Products (“IBP”) Project M&G will
achieve a first milestone in its ambition to
revolutionize the fuel and chemical sectors with
green chemistry solutions.
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The IBP plant at Crescentino will be operational in
2012. While the “guaranteed” production is 40,000

tons per year, the Plant has been designed to
produce 60,000 tons per year of ethanol. It will

operate within a local production and supply chain
using mainly dedicated energy crops (arundo donax,
or giant reed) grown on marginal land so that there is
no competition with food: the plant can also utilize
agricultural wastes such as rice and wheat straw as
feedstock. A virtuous production cycle will be created
and the IBP plant will be the cornerstone of
cooperation between agriculture and industry. The
plant will be located in an abandoned industrial area
which will be “renewed”’
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Bio-ethanol produced at the Crescentino plant will
meet Life Cycle Assessment standards; based on
assessments performed by ENEA experts in
accordance with recent EU directives on CO2 and
other greenhouse gases sequestration capacity,
product from the IBP Plant will exceed 70%
sequestration capacity.
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Finally, it is worth pointing out that lignin extracted
from biomass during the ethanol production process
will be used in an integrated cogeneration plant that
will produce 15MW of green power that will be sold to
the grid.
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A broad local consensus on the entire project has
been built by implementing a careful and accurate
communication plan based on a proactive dialogue
with Authorities, fair discussions with residents,
education projects at schools and a specific web site
(www.biocrescentino.it).
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Research is not stopping. Projects have been started
to assess the possibility of producing “drop-in
substitutes for diesel and jet fuel. The production of
synthetic rubber and other chemical intermediates
normally produced via a petrochemical route are
under development involving a biotech solution.
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The“Green Revolution”is upon us. M&G and Chemtex
are proud to be driving this change. We have only
taken the first steps. With innovative chemistry and
bio-technology, we can radically reduce our

dependency on oil and drastically reduce CO2
emissions. And we can do it now.
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From first to second bio-ethanol generation
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Different raw materials can be used in the bio-ethanol production process.
They can be divided into the following 3 large groups:

1. ¥&  Sugars

2. SE¥ Starch

3. KNRT4EZEME Ligno-cellulosic material
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Sugars and starch are used to produce first-generation bio-ethanol.
Ligno-cellulosic feedstock is used in second-generation production
processes.

The first steps, in which a sugar-rich solution is produced, are common to
both processes, whereas subsequent phases, starting from such solution,
are clearly different.
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The first-generation process includes the following steps:
- liquefaction. Starch polymer chains are broken by enzymes;
» saccharification. Oligomer chains are broken into simple,
fermentable sugars by enzymes;
- fermentation;
- distillation.

Liquefaction B Saccharification @& Fermentation <28 Distillation
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Second-generation bio-ethanol

The process starts from ligno-cellulosic biomass. A pre-treatment phase is required
to break the bonds between cellulose, hemi-cellulose and lignin, thus making the
raw material more suitable for enzymatic hydrolysis.

Ligno-cellulosic
Biomass
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Chemtex ltalia S.r.l.
Localitd Ribrocca s.n., 15057, Tortona(AL), Italy
Tel: +39-0131-810-1 Fax: +39-0131-811759
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Chemtex International Inc.
1979 Eastwood Road Wilmington, NC 28403
Tel: 1-910-509-4400 Fax:1-910-509-4567
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Chemtex Global Engineers PVT.ltd.

Chemtex House Main Street, Hiranandani Gardens Powai,
Mumbai-400 076, India

Tel: 91-22-25716400 Fax: 91-22-25701998

Chemtex Consulting of India PVT.Id.

“Prestige Terminus I1",No.9, Old Airport Exit Road,
Bangalore — 560017-India

Tel: 91-80-25239910 Fax: 91-80-25239913




