LETTER TO SHAREHOLDERS
NOVEMBER 2014

A WORLD OF EVERYDAY PRODUCTS
MADE FROM RENEWABLE RESOURCES

Dear shareholders,

We are entering a new stage of development

Since the last edition of this letter, a year ago, we have made enormous progress, in both technological breakthroughs and partnerships.

For DEINOL, our highly successful biofuels program, we must accelerate our
developments by enabling our bacterial strain to adapt to various types of feedstock: corn stover and cobs, wheat straw, food waste… Each new substrate
requires developing an adapted strain and carrying out a battery of tests in
increasingly larger fermenters. MBI will help us make progress on these
second-generation substrates (see page 4).

We have demonstrated that Deinococcus is an ideal candidate
for industrial bioproduction
Our teams have engineered Deinococci strains to adapt them for industrial use:
• We have created a bacterium that decomposes plant biomass and produces ethanol by fermentation, with a titer at 9% and good yield.
• We succeeded in producing, at lab-scale and in significant concentrations,
three molecules of industrial interest from the isoprenoid pathway, which
have numerous applications in the fields of human food and animal feed,
fragrances, cosmetics, home & personal care...
We obtained these results thanks to the efforts of our researchers and the technological investments we have made. We have built a very high-level metabolic
engineering platform, which combines the best in genetic and fermentation
engineering. We have handled the study of 6,000 strains included in our
bacteria bank, and accelerated the development of Deinococci strains of interest using cutting-edge technology tools. We have shown that the Deinococci
bacteria will be a prime alternative to conventional bioproduction systems,
because they are adaptable, robust, without risk…and able to produce an infinite number of compounds!

We have established pivotal industrial partnerships for the
future
We have been able to obtain the support of industrial and institutional partners
to help guide our project:
• In biofuels, we have signed partnerships with Abengoa and Suez Environnement, to develop our process industrially, as well as with the US technological institute MBI, specialized in optimizing and scaling biotechnologies.
• For our DEINOCHEM project, with Ademe and the “Investments for the
Future” Program, we have also begun collaboration with Sofiprotéol,
French leader of the oil and protein sector.

For DEINOCHEM, our green chemistry program, we are advancing faster than
expected, benefiting from the expertise we have acquired in the context of our
historic DEINOL program. We must devote more researchers and equipment to
this project to produce various molecules from the isoprenoid family in parallel,
diverse chemical compounds used in a large number of industrial applications,
and obtained from our strains by genetic engineering (see pages 6 & 7).
Additionally, we want to invest in other pathways: Deinococci bacteria offer
infinite possibilities, and we are discovering new ones every day. Thus, we want
to move quickly and explore certain promising short-term applications in texturing agents, antioxidants and also pigments, compounds naturally produced by
Deinococcus.
To guide our development, we have also strengthened our Board of Directors
with the arrival of two independent directors who have international expertise in
our markets. Our scientific advisory board has been restructured, under the
Presidency of Jacqueline Lecourtier, who ran the Scientific Board at the IFPEN
(French Institute of Petroleum and New Energies), before becoming the head of
the ANR (French National Research Agency). These are unmeasurable assets
that will enable DEINOVE to move quickly through the next steps of its development.

We need to invest quickly!
DEINOVE is positioned in high-growth markets, biofuels and green chemistry,
simultaneously full of promise and very competitive. We are certain of the superiority of our technology based on the exceptional characteristics of the Deinococci bacteria. Thus, we need to move quickly, and we need to invest.
Last June, our capital increase project was not successfully completed, despite
support from a number of you. In an uncertain global market, we are working on
financing solutions that create value and we expect to revisit this with you
shortly. You can count on our commitment and we count on your support.
Emmanuel Petiot

2G bioethanol plant Abengoa - Kansas
opened in October 2014

THE 4 STEPS TO TRANSFORM LIGNOCELLULOSIC
BIOMASS INTO ETHANOL
The debates over the subject of 1st generation biofuels, from cultures originally
used for food, have sped up the transition to 2nd generation biofuels, products
derived from lignocellulosic biomass (inedible parts of plants). However, producing ethanol from lignocellulosic biomass is more complicated than distilling
alcohol from grains of wheat or corn. Biomass is composed of three main
components:

THE PRODUCTION OF CELLULOSIC BIOFUEL IS NOW
AN INDUSTRIAL REALITY
Despite delays in the publicized projects, notably related to the financial
crisis, production of cellulosic biofuel has become a reality. In the past two
years, more than 500 million liters have been produced annually.

• Cellulose, primary component of plants, especially their cell walls, constitutes the most abundant organic material on Earth (more than 50% of biomass). It is a polysaccharide, an assembly of glucose molecules, 6-carbon
sugars (hexoses or C6).
• Hemicellulose, serving to link to cellulose molecules and other plant fiber
components. Hemicellulose is an assembly of 5-carbon sugars (pentoses or
C5), primarily xylose and arabinose, and 6-carbon sugars, galactose, mannose…
• Lignin is the second most abundant renewable biopolymer on Earth, after
cellulose. Its primary functions are to supply rigidity, water- impermeability
and significant resistance to decomposition. These characteristics currently
make it impossible to break down, and thus it is not used to produce ethanol.
The industrial success of 2G biofuel production requires mastery of 4 steps which
allow plants to be transformed into alcohol. DEINOL focuses on steps 2 & 3.
① PRE-TREATMENT
Separation process - chemical, thermal or mechanical - of the 3 main components of biomass:
• Cellulose and hemicellulose, complex sugars which, once decomposed,
can be fermented in alcohol.
• Lignin, non-fermentable, which will be removed during the process and used
as a combustible.
The available processes present technical issues concerning either the proportion of available sugar output, or simultaneous generation of inhibitor molecules
reducing efficacy.
②

HYDROLYSIS

Conversion of complex sugars to simple sugars (C5 and C6) that are fermentable, under the action of enzymes.
The enzymes represent up to 30% of the total production cost and the ability to
make the entirety of the sugars available is variable.
③

ALCOHOLIC FERMENTATION

Biological process of transforming simple sugars into ethanol, using the action of
yeast or bacterium.
Current processes act only on some sugars, especially glucose and then xylose.
④

DISTILLATION

Process of separation by heating, allowing concentrated ethanol to be produced.

A KEY CHALLENGE: ENSURING THE LONG-TERM VIABILITY OF THE SECTOR
While the first plants are operational, production costs for cellulosic ethanol
remain higher than those for petroleum or even 1st generation ethanol, derived from cereal or sugarcane. The installations implemented have benefited
from significant public financing. Therefore industrialists pursue investment in
3 main axes of R&D progress:

Maximize
yield

Minimize
costs

Use a versatile
process

Maximize the
conversion of
feedstock into sugars

Limit the use of
enzymes

Fit with various kinds
of feedstock

Maximize assimilation
of all sugars

Reduce energy, water
and inputs
consumption

Fit with different types
of pretreatment

Maximize the
conversion rate of
sugars into ethanol

Reduce the number of
conversion steps to
minimize capex

They call on biotechnology companies like DEINOVE to provide them with
innovative solutions to these issues.

PROGRESSIVELY ASSEMBLING TECHNOLOGICAL BUILDING BLOCKS
DEINOL is a new production system that aims to convert pre-treated lignocellulosic biomass (forest or agricultural origin) into ethanol using an all-inone process integrating both hydrolysis of the biomass into simple sugars
and conversion into ethanol. We call this CBP, for “Consolidated BioProcessing.”
The first process developed from deinotechnologies, DEINOL offers a series
of key advantages to industrialists committed to the cellulosic biofuel pathway, by surmounting certain limits faced by conventional technology.

Stage 2
After these fundamental properties have been mastered, the process has
been tested on feedstock ever-closer to biomass, with more diversified
sugar content. It involves modifying the strain to make it more efficient in
real conditions, considering the constraints related to using industrial biomass: production of inhibitors, increased toxicity during the process, action
on complex sugars…
Stage 3

To move from the laboratory setting to an industrially and economically
viable process, the DEINOVE research teams are taking a progressive
approach.

This stage involves transposing the results obtained in the laboratory on
lignocellulosic biomass to larger and larger scales, before moving on to
large-scale industrial trials.

Stage 1

These trials enable the performances obtained to be validated (yield, productivity, energy and input savings) with an aim of standardizing the process. For each partner, the trials are thus performed with a specific type of
feedstock (substrate).

The teams first focused on mastering the genetic engineering of the Deinococcus strains and the sugar-to–ethanol conversion. For greater efficacy,
laboratory-scale trials have been conducted on model substrates.

THE FRENCH LAW FOR ENERGY TRANSITION WANTS TO INCREASE BIOFUEL CONSUMPTION
On October 14th, the French National Assembly voted on first reading on the
law for energy transition for green growth. This law, which aims to strengthen
energy independence and fight climate change, sets ambitious objectives for
France.
Among others, the law forecasts that in 2030 biofuels will make up 15% of end
consumption of fuels, with clear orientation toward advanced biofuels (lignocellulosic biofuels, hydrogen and biogas).
This goes a step further than the European targets. In 2009, the European
Union established an objective of 10% of biofuels in transport energy consumption by 2020. But in 2014, widespread dissent occurred among the
member countries and the threshold may be lowered.
In 2013, Europe produced 6.7 billion liters of ethanol while Brazil produced 23
billion and the United States, 51 billion. In the same timeframe, Europe also
produced 10 billion liters of biodiesel.
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DEINOL HEADING TOWARD INDUSTRIALIZATION
THREE PARTNERS TO ACCOMPANY THE NEXT
STEPS IN DEVELOPMENT
Abengoa Bioenergy has joined the
DEINOL program, replacing Tereos as
industrial partner. This subsidiary of the
Spanish group Abengoa (7 billion euros in revenue) is one of the world’s
leading producers of ethanol (3 billion liters per year in 15 plants), the leader

• MBI has also developed, along with Michigan State University, an exclusive pre-treatment process for industrial biomass, called AFEX. This
biomass transforming technology can double the amount of reusable
sugar extracted from biomass. Thus, trials conducted with MBI will use
substrates identical to industrial feedstock, allowing validation of the
capacity of the DEINOL process to assimilate all the biomass sugars.
Small-scale preliminary tests showed assimilation and transformation of
more than 95% of all available sugar.

in Europe, and is also present in the United States and Brazil, the world’s
two main countries producing biofuels.

DEINOVE also signed a collaboration agreement

With the renewed support of Bpifrance, Abengoa is thus becoming the in-

with Suez Environnement to develop a process

dustrial player for the DEINOL project. Abengoa is actively developing

that transforms organic urban waste into ethanol.

second-generation ethanol production technologies and in October 2014

Suez Environnement is one of the world leaders in

opened its first dedicated plant, located in Kansas.

waste management.

DEINOVE and Abengoa aim to demonstrate the efficacy of the DEINOL

Urban waste contain a significant amount of organic feedstock, which is

process on a larger scale at one of the group’s industrial sites, the final

currently recovered by composting and methanization. The abundant avail-

stage before commercialization under licence.

ability of this source of carbon, its cost, and its composition conducive to the
growth of microorganisms make it a realistic candidate for innovative proc-

“The combination of AFEX and Deinococcus is highly promising and it could provide an answer for an industry that is seeking a technologically and economically competitive solution.”

essing through the production of biofuels and molecules of industrial inter-

Allen Julian, MBI’s Chief Business Officer

nement have confirmed that these substrates can be transformed into etha-

DEINOVE is partnering with Michigan Biotechnol-

est.
Preliminary tests conducted on waste samples provided by Suez Environnol by Deinococci bacteria. During a two-year period, the two partners will
define the technical and economic conditions for industrial production of

ogy Institute (MBI) to optimize and scale up the

bioethanol. If successful, the partners expect to implement the process

process on industrial biomass. Working with MBI

industrially at one or several Suez Environnement sites.

enables advancement on two major aspects of the DEINOL process:
• Specialized in derisking of technologies, MBI has already teamed up with
numerous companies, large industry players such as DuPont, Cargill
(NatureWorks), Novozymes, and start-ups like Genomatica, OPX Biotechnologies and Verdezyne. MBI has all the equipment and all the expertise needed to conduct trials on volumes up to 3,500 liters, a crucial
step before tests under industrial conditions, where fermentation tanks
can be as large as several hundred m3.

“At a time when humanity is facing the increasing scarcity of
fossil fuels, using urban waste as a raw material is one of the
most promising solutions of the future. By collaborating with
DEINOVE, we aim to promote the creation of a cutting-edge
French industrial offshoot that will enable us to meet these
challenges.”
Thierry Mallet, Executive Vice-President in charge of Innovation and Business Performance for Suez Environnement.

ADAPTING THE DEINOL PROCESS TO DIFFERENT SUBSTRATES, A KEY CHALLENGE
The generic term biomass actually refers to a very large variety of organic
material with different properties:
• Agricultural residues, hardly used today by the agricultural industry and
producers of 1st generation biofuels.
• Dedicated energy crops such as Giant cane, Miscanthus or Switchgrass,
which can be cultivated on non-agricultural land.
• Urban waste or forest residues, including a significant amount of recoverable organic matter, provided that it is first collected and treated, which
creates new challenges for waste treatment plants.
To make the sugar content in biomass accessible, these raw materials must
first undergo a pre-treatment. Manufacturers have developed different pretreatment techniques ranging from grinding, heating, exposure to steam, to

acid or base products such as ammonia. Each
technology offers advantages but also creates
specific constraints.
The DEINOL process potentially applies to all
these types of feedstock and pre-treatment.
However, it is essential to optimize the
bacteria strains according to each substrate,
to maximize industrial performance.
Initially implemented with simple substrates
(glucose or xylose), DEINOL technology is
now in the deployment phase for these complex substrates. In concrete terms, each contact with an industrialist generates a battery
of laboratory tests to validate the performances of the strain and evaluate modifications
to be made.
The first results obtained are very encouraging:
• The tests on the organic waste residues
supplied by Suez Environnement were
positive.
• The tests conducted with MBI on the
AFEX® pre-treated biomass showed
assimilation and transformation of the
majority of the available sugars.

THE NEXT STEPS FOR THE DEINOL PROJECT: INDUSTRIAL SCALE-UP

1-2 L
Fermenter

20 L
Fermenter

200-300 L
Fermenter

3-5 m3
Fermenter
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CHANGE IN SCOPE FOR RESEARCH PLATFORM
In 2014, DEINOVE invested in strengthening and auto-

STRAIN SELECTION AND GENETIC MODIFICATION

mating its metabolic engineering platform used to optimize the Deinococcus strains selected for the various
research programs, primarily via:
• The automated conception of modified strains using a
cloning robot and specialized software, developed with
the company CAD4BIO, which allows strain constructions to be multiplied according to targeted production.
This also enables projects to proceed much faster.
• Increased fermentary capacities, with new fermentation equipment and analyzers, to multiply trials on

FERMENTATION ENGINEERING, PROCESS SCALE-UP AND PERFORMANCE
ANALYSIS

different types of substrate and accelerate development of strains for each application.
This new equipment was, of course, accompanied by
increased expertise and staff. Today DEINOVE is composed of 44 employees, including 15 doctors and 10
engineers, all gathered at the new laboratories in Montpellier Biopôle Euromédecine center.

DEINOCHEM: PRODUCING BIO-BASED CHEMICAL, INTERMEDIATE
AND SPECIALTY MOLECULES
PARTNERSHIP WITH SOFIPROTEOL IN ANIMAL FEED
DEINOVE signed a collaboration agreement with Sofiproteol, French leader
of the vegetable oils and proteins sector. The partnership with DEINOVE will
focus on developing a process for producing natural feed
additives. Ultimately, the two partners aim to industrialize bioproduction of

The global market for animal feed additives, in terms of revenue, was more
than 16 billion dollars in 2012 and should reach 20 billion dollars in 2018,
with a growth rate of 3.8% per year from 2013.

THE ISOPRENOID PRODUCTION PROGRAM IS

these additives and launch new animal nutrition product lines. Targeted

RAPIDLY MOVING FORWARD

applications in human food will also be studied.

The DEINOVE researchers have succeeded in producing in the laboratory,
and in significant concentrations, three molecules of industrial interest from

« By working with DEINOVE, we access a tremendous
biodiversity potential. It seems that very few unmodified
bacteria have such a capacity to produce additives like this. »
Jean-François Rous, Vice Président of Innovation at SOFIPROTEOL.

the isoprenoid pathway. To date, these molecules are essentially derived
from petroleum or plant extracts, with low yield and high production costs.
These advances provide a major proof of concept, opening the pathway for
production of multiple chemical intermediates and specialty molecules. This
represents a market potential of hundreds of millions of euros in revenue.

Additives for animal nutrition are added to feed for various purposes, such

Some of these compounds can be sold for up to 3,000 euros per kilo.

as controlling and preventing infectious diseases, improving weight gain,
optimizing the supply of vitamins and other nutrients and even making the

PRODUCTION OF ISOPRENOIDS BY DEINOCOCCUS

feed easier to digest. Likewise, additives maintain and improve the health of
animals that are ultimately consumed by humans. Deinococcus naturally
produces this type of additives.

BIO-BASED MOLECULES FOR INDUSTRIAL APPLICATIONS
• Isoprenoids: carotenoids, linalool, geraniol, limonene…
• Natural compounds: enzymes, pigments, exopolysaccharides,
osmolytes, antioxidants, surfactants…
• Other specialty, intermediate and commodity compounds
Jan.

March

Apr.

May

June

Sept. 2014

DENNIS MCGREW – MEMBER OF THE BOARD OF DIRECTORS,
FORMER PRESIDENT AND CEO OF NATUREWORKS,
FORMER CHIEF BUSINESS OFFICER OF GENOMATICA
You have spent the
majority of your career in
the chemical industry,
and notably in bio-based
chemistry. What is your vision for green chemistry
development?
I firmly believe that there is a place for bio based materials in the coming
years, provided that they respond to industrial concerns:
• Modifying existing value chains and infrastructures is time-consuming and
costly, and it is much more pertinent, economically and technically, to
develop “drop-in“ products or technologies that fit easily into the existing
industry structure.
• Bio based materials must also be priced at competitive or near competitive levels with the conventional materials they replace. Government
intervention with mandates and/or subsidies will not be enough to construct a green chemistry market that has sustainable profitability if the
prices are not competitive with those of petroleum-based products.
Lastly, the industry must move to 2nd generation sugars or alternate feedstocks to overcome the “food vs. fuel” debate, penetrate markets and sustain significant and profitable market adoption.
Satisfying these technical performance, cost competitiveness and corporate
social responsibility hurdles are the critical success factors for green chemistry. Other issues are secondary to these.

There are already a large number of players in the
biotechnology market—is there enough room for all the
players, including the coming ones?
Just as no single conventional process technology satisfies all market needs
for chemicals and fuels, no single bio-based technology will do so. There are
many players in bio-based chemistry, and each has a unique strength given
their technology, development capabilities and market position. This provides a great opportunity for collaboration among the players in this market
to share resources, find the synergies and potential for leverage in developing bio-based materials. This market offers immense possibilities and rather
than look at bio-based companies as competitors, we need to look at them
for potential to provide strategic synergies and win/win collaborations. The

Dennis McGrew and Michael Carlos joined the DEINOVE
Board of Directors in June 2014.
Dennis McGrew has conducted his entire career in the field of chemistry, particularly green chemistry, and has unparalleled expertise
in the marketing and development issues specific to these domains.
Michael Carlos has more than 20 years of experience in the perfume
industry and since 2004 he has been President of Givaudan Fragrances, one of the two divisions of the Swiss company Givaudan, global
leader in the fragrance and flavor industry.

opportunity is to displace conventional technologies and feedstocks, not bio
based competition.
Further, there will be consolidation with market and technology leaders
acquiring or licensing key intellectual property to commercialize key products. Acquiring or divesting technology strategically will be critical for companies that will survive and thrive in this competitive marketplace.

How can DEINOVE distinguish itself in this crowded field?
DEINOVE has a very powerful scientific and technological base with the
Deinococcus which combines the best of yeast’s process conditions with the
versatility and adaptability of bacteria. We must celebrate and appropriately
publicize our technical successes from now on, gaining credibility with all
parties involved: scientific experts, investors, potential industry clients, technological and commercial partners. To do this, we must also demonstrate
the efficacy of the process based on Deinococci for commercial substrates
at the industrial scale.
We must find the right partners to rapidly develop and deploy our technologies at the commercial scale, maintaining a “capital light” business model
and share any generated value accordingly.

How much time do you estimate is necessary to emerge on
this market?
Raising the profile of DEINOVE with various constituencies can happen
rather rapidly and can provide an essential basis for our long-term credibility.
It involves making DEINOVE emerge as a viable, proven alternative to other
better known companies and technologies.
Rapid commercialization of bio-based compounds could take 3-5 years in
the best case scenario but it could also be longer for major products/
volumes, given the need to work through multiple stages of scale-up for our
technology and to drive market building. These timelines may be accelerated by various forms of partnering or collaboration, whether it be on technology development, industrial process scale-up, or final product off take
agreements.

In your opinion, what are the strengths and weaknesses of
DEINOVE?
Thanks to the potential of Deinococcus and the library of 6,000 exploitable
strains, DEINOVE has the means to develop a large portfolio of potential
products from 2G biofuels, to large volume chemical intermediates, to highvalue chemicals/specialties. R&D has delivered promising early stage results compared to industry exemplars. And the strengthening of the management team and board of directors has increased the industry experience
and knowledge of potential markets and customers.
Size remains the main weakness of DEINOVE compared to other biotechs
and the scale-up capacity is limited. It would also be good to speed up development outside Europe, as that is where the bulk of investment in biobased materials is. Finally, DEINOVE must obtain more strategic investors
who will bring their credibility to our technology and our company.
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SHAREHOLDER’S INFORMATION
SHARE PRICE EVOLUTION SINCE IPO
(APRIL 2010)

ANALYSTS CONSENSUS

BREAKDOWN OF CAPITAL ON 30.06.14
(FULLY DILUTED)

DEINOVE is covered by 3 analyst offices, 2 of which are making investment
recommendations. The publications can be reviewed at www.deinove.com
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RECEIVE ALL OUR INFORMATION
DIRECTLY BY E-MAIL !

• Send us your email address
• Or sign up at www.deinove.com by clicking on:
Subscribe to e-mail alerts

Pursuant to article 34 of the Information Technology and Civil Liberties law
of January 6, 1978, you have a right to access, modify, rectify and delete
data concerning you.

