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Disclaimer per la consultazione di documenti sensibili

Il presente documento contiene, in tutto o in larga parte, informazioni sensibili,
dati personali, informazioni riservate e/o contenuti tutelati da diritti di proprieta
intellettuale.

Per tali ragioni, il documento non & reso pubblicamente disponibile nella sua
versione integrale. Alcune pagine sono pubblicate esclusivamente per fornire
un primo inquadramento del documento e dei suoi contenuti, mentre le parti
successive sono escluse dalla consultazione pubblica in quanto contenenti
informazioni soggette a specifiche forme di tutela.

La limitazione all’accesso pubblico non preclude la possibilita di fornire, ove
possibile e, nel rispetto dei diritti dei soggetti coinvolti e degli obblighi di
riservatezza applicabili, informazioni utili all’attivita giornalistica, di ricerca e di
approfondimento.

Giornalisti, ricercatori e altri professionisti interessati a esaminare il documento
possono contattare il team di “Capire il caso BIO-ON” all’indirizzo email:
capirebioon@gmail.com, indicando il fine della richiesta e, ove possibile, le
specifiche informazioni di interesse.

Le richieste saranno valutate singolarmente, tenendo conto della natura delle
informazioni contenute nel documento, dei diritti di proprieta intellettuale e degli
eventuali obblighi o vincoli che ne limitano la diffusione.



15. Description of this Agreement.

15.1. The present Agreement, drawn up and signed in two originals, one for each of the
Party, is composed of n. 15 articles and n. 16 pages, excluding the Attachments.

15.2. There are two Attachments that are identified with the numbers "1" and "2".

In Witness Whereof, the parties have caused this Agreement to be executed by their duly
authorized representatives.
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Synopsis
Polyhydroxyalkanoates (PHAS) are eco-friendly bioplastics that can be produced from

renewable feedstocks including organic residues and wastes from industries. New technologies
developed by PI at the University of Hawaii could significantly reduce the production cost of
PHA bioplastics in comparison with conventional technologies that use glucose or starch. Sugar
beet pulp and molasses are the residues from sugar manufacturing and could be used for PHA
production with a high yield based on preliminary tests. We propose further research and
development at UH to commercialize this technology by Bio-on in Italy and Europe. The goal of
this project is to build up a pre-industrial pilot plant with a PHA fermentation capacity of 1,000
liters in two years including one year for construction. We will conduct experiments in the
laboratory to find the optimal PHA production conditions on sugar beet pulp. We will then
design the pilot plant and provide consulting service during the period of plant construction. In
addition, we will also investigate cost effective PHA production on molasses and make the
necessary process modification. The proposal is prepared for a fixed price research contract. The

proposed R&D shall make the technology transfer and commercialization a great success.

1. Project background
Petrochemical plastics derived from fossil fuels are widely used in daily lives. With

increased concerns on global warming, peak oil, environmental pollution and municipal solid
waste management, bioplastics derived from renewable resources have attracted great interest in
academic research and industrial commercialization. Polyhydroxyalkanoates (PHA) are a family
of polyesters synthesized and accumulated by some microbial species as intracellular carbon and
energy reserves. Fig. 1 shows PHA granules accumulated in the cells of a soil bacterium,
Ralstonia eutropha, under an electronic microscope. PHA biopolymers are synthesized and
decomposed completely via microbial activities, but can be melted and molded like conventional

thermoplastics. They are eco-friendly bioplastics.



Fig. 1. White PHA granules accumulated in
R. eutropha cells under a transmission
electron microscope (University of Hawaii)
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Industrial production of PHA bioplastics via microbial fermentation, however, is dragged
by their high production cost, including the costs of raw materials (e.g. pure sugar and organic
acids), high density microbial fermentation, polymer recovery and purification, and waste
treatment and disposal. It has been recognized for long time that the high price of PHA is a
major barrier for the bioplastics to be widely accepted in markets. For example, in a recent
conference’, Tianan Biologic Material Co. China, a major PHA supplier in the current global
market with a capacity of 1,000 metric tons PHA per year, released the lowest PHA price of
US$4.4/kg. A joint venture of two US companies (ADM and Metabolix Inc.), a potential leading
supplier in global PHA market, is building a first full scale commercial plant of 50,000 tons PHA
per year (http://www.metabolix.com). Their target PHA price is US$2.5/Ib as released in the

same meeting'.

Dr. Jian Yu, the principal investigator at the University of Hawaii, has been engaged in
PHA research for more than 12 years and published more than 28 articles in peer-reviewed
scientific journals, books, conference proceedings, and patents plus numerous conference
presentations and seminars (see Appendix). In brief, his group has developed innovative
technologies to produce PHA bioplastics in a more cost effective way. The innovation and
breakthroughs include (a) using cheap raw materials such as organic wastes from food
processing, (b) effective bioreactor for microbial growth and PHA synthesis, (c) solvent-free
recovery and purification of PHA biopolymers, and (d) recycle and reuse of cell debris, a major
waste stream from PHA production. Fig. 2 gives a schematic process flow sheet and the four

breakthroughs of PHA production from a cheap and complicated feedstock.

! International Symposium on Polymers and the Environment: Emerging Technology and Science, Oct. 17-20, 2007,
Vancouver, Washington, USA
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Fig. 2. Schematic process flow sheet and four major breakthroughs of PHA production via
microbial fermentation on renewable feedstocks. The co-product could be a high protein
animal feed or soil conditioner depending on the feedstocks.

Sugar manufacturing from sugar beet or sugar cane generates a large amount of organic
residues such as pulp and molasses. They have a high solid content with a substantial amount of
sucrose. Traditionally, they are sold at low price as animal feed or feedstocks for ethanol and
yeast fermentation. At the request from Bio-on, the PI has tested two samples of sugar beet pulp
and molasses for production of PHA bioplastics in the laboratory. The results are very promising.
PHA biopolymers of high molecular weight (MW 1,000-2,000 kDa) were produced from both
sugar pulp and molasses. With appropriate cost effective pretreatment, the pulp can give a quite
high PHA yield and polymer content in cell mass (0.35 g PHA/g sugar and 60% w/w), in
comparison with glucose. In addition, we were able to produce ductile PHA plastics by co-
fermentation of pulp and an organic acid with high yield and polymer content. Further
investigation is needed for optimization of the process conditions that are essential to designing a
pre-industrial pilot plant. On the other hand, molasses contains a relatively high non-sugar solids
(>40% wt) and possible inhibitive substances. Its pretreatment technology needs to be further
developed for commercial production of PHA. Based on the promising results from the
preliminary tests, we propose to optimize the production conditions of PHA from pulp, design a
pre-industrial plant with a PHA fermentation capacity of 1,000 liters, and continue the research

on sugar beet molasses as a potential feedstock.



2. Project objectives
The proposed project has four objectives. They are:

o}

o

Objective 1. Optimizing PHA production conditions on sugar beet pulp as the feedstock.
Objective 2. Designing a pre-industrial pilot plant with a PHA fermentation capacity of
1,000 liters based on the optimized conditions

Objective 3. Providing consulting and training service during the engineering design and
construction of the pilot plant in Italy.

Objective 4. Investigating cost effective production of PHA on sugar beet molasses and find

the optimal process conditions.

3. Tasks and approaches

According to the project objectives, we have identified corresponding tasks and

approaches. They are described as follows.

3.1. Task 1. Optimizing PHA production conditions on sugar beet pulp

In the preliminary tests on the sugar beet pulp samples delivered by Bio-on, we found
that the pulp was a good feedstock for PHA production. A relatively high yield and PHA
content were obtained, but further work is needed to optimize the process conditions for
designing a pre-industrial pilot plant. To meet Objective 1, Task 1 is further divided into
three subtasks (1a, 1b and 1c) as detailed as follows.

Task 1a. Optimization of pretreatment of sugar beet pulp to make the pulp suitable for
microbial growth and PHA biosynthesis

A large portion of organic matter, including sucrose, in the raw pulp cannot be directly
utilized by the PHA-producing cells. Some inhibitive compounds also exit in the raw pulp
that can inhibit and/or deteriorate cell’s metabolism and PHA biosynthesis. A relatively
low PHA yield was obtained if the pulp was not appropriately treated. Hydrolysis has been
found a simple and cost effective way to pre-treat the pulp. We also found that the
pretreatment under inappropriate conditions can generate some byproducts that may inhibit
PHA biosynthesis. In this task, we will find the optimal conditions to convert the organic

solids into fermentable sugars such as glucose and fructose for PHA biosynthesis and at the



same time minimize the formation of potential inhibitors. We will test the effects of three
major operation parameters (temperature, pH and time) as well as their combination on

pretreatment results.

Task 1b. Optimization of the PHA formation on the pretreated sugar pulp
It has been observed in the preliminary tests that PHA can be produced on the pretreated
pulp with a high yield. Further work must be performed to understand how effectively the

sugars as well as other organic compounds in the pulp are utilized and converted to PHA \
biopolymers. Ideally, as much sugars and organic compounds as possible should be

consumed for high yield of the biopolymers. This will not only generate the maximum

amount of PHA polymers, but also minimize the organic wastes left from the fermentation.

One important parameter of PHA production via microbial fermentation in bioreactor is the
productivity of PHA, or the amount of PHA produced per reactor volume per time (g

PHA/L/hr). A high productivity is usually desired for low PHA production cost. The

productivity itself is determined by two factors, the PHA content in the cells (g PHA/g

cells) and the cell density increase with time in the bioreactor (g cells/L/hr).
The bioreactor’s productivity (g PHA/L/hr) = (g PHA/g cells)(g cells/L/hr).

The overall productivity is therefore affected by many factors including the type and
concentration of organic substrates (e.g. sugars and organic acids) and nutrient profile
(nitrogen, phosphorous, minerals, micronutrients). Other important factors including
temperature, pH, dissolved oxygen and energy consumption also play important roles in
PHA fermentation. One strategy to reach a high productivity is to obtain a high cell density
first in the bioreactor in a so-called cell growth stage and then control the fermentation
condition to direct microbial activities towards PHA formation and accumulation. In this
task, we will optimize the two stages by using a bench-top bioreactor (2 liters) and the
pretreated pulp to reach a high PHA productivity. The optimized conditions will be runin a
bioreactor of 20 liters for confirmation and demonstration, depending on the request by Bio-

on and availability of feedstocks in the laboratory.



Task 1¢. PHA recovery and reuse of cell debris in PHA fermentation

After the PHA fermentation, the cells will contain 60-70% wt of PHA polymers and the
rest is the biological cellular components consisting of cell walls, membranes, DNA, RNAs
and proteins. The cellular proteins account for about 50% dry matter of the residual cell
mass and are actually excellent nutrients for cell growth and PHA biosynthesis. A cost
effective technology has been developed at the University of Hawaii to dissolve the cell
mass, separate and purify the PHA polymers solids in a solvent-free aqueous solution.
Importantly, the cell proteins are released and decomposed into amino acids or
oligopeptides, which are available to cells for utilization as essential nutrients. Based on this
new technology, we will develop and tune the process conditions that are optimized for

cells and PHA polymers formed in the sugar beet pulp medium.

Furthermore, this task will also investigate how to effectively recycle and reuse the cell
debris and proteins with the beet pulp for cell growth and PHA production. Because the
decomposed cellular debris is actually good nutrients for cell growth and PHA biosynthesis,
the reuse will not only dramatically reduce the wastes discharged from the process, but also
save the costs of fermentation nutrients and promote PHA production. This technical
innovation is very unique in comparison with other PHA manufacturing processes based on

glucose. We will file a new patent for this technology in Europe during the project.

3.2 Task 2. Designing a pre-industrial pilot plant
Based on the experimental results, we will design a pilot plant for PHA production on

sugar beet pulp. The PHA fermentation capacity is 1,000 liters. This task will use computer
simulation and design software (SuperPro Designer ®, Intelligen Inc. NJ, USA) to produce
a process flow sheet with materials flows and stream compositions. In addition, the size of
major auxiliary equipment such as seed fermentation tanks, pulp pretreatment tank,
centrifuges, washing and storage tanks, filtration and drying of PHA pellets will also be
identified. Other information from the design includes consumption of raw materials,
utilities (water, electricity, steam and cooling water), and labor hours. This design provides
the necessary information for engineering design and purchase of individual equipment for

the pilot plant.



3.3 Task 3. Consulting and training

After completing Task 2, an Engineering company in Italy will be hired by Bio-on for
further engineering design and installation of the pilot plant at a site in Italy determined by
Bio-on. We will provide consulting service and feed-back responses to the company during
this period of time. We will make corresponding changes in process design according to
their suggestions and the local conditions of the site in Italy. It is expected that the
engineering company needs 12 months to build up the pilot plant at the site. During this
period of time, we can train one or two engineers/scientists in the laboratory at UH at the
request of Bio-on. The training cost is not included in this project budget because we do
not know if the training service is required at the moment. Furthermore, the overhead

charge for education project is much lower than for research project like this one.

3.4 Task 4. Investigation of PHA production on sugar beet molasses
In our preliminary tests, we found substantial composition difference between the pulp

and the molasses, which made PHA production on molasses more difficult than pulp.
Considering the time frame of Bio-on, this project first focuses on the pulp as the feedstock.
After Tasks 1 and 2, our laboratory at UH will have the time to further investigate how to
effectively pre-treat the molasses for PHA production. In addition to the pretreatment, we
may also do the similar work of Task 1 to optimize PHA production on molasses. Task 4
will be started after Task 2 and run in parallel with Task 3 (see the following time
schedule).

4. Time schedule, milestones and deliverables
We will complete this project in 24 months, including 6 months for Task 1 (a, b & ¢) for

optimization of PHA production on sugar beet pulp, 6 months for Task 2 for pilot plant design,
and 12 months for Task 3 to provide consulting with engineering design and pilot plant
construction. In conclusion, we will use the first 12 months for the experiments in the laboratory
and pilot plant design at the University of Hawaii and use the second 12 months to consult the
construction of the pilot plant in Italy. During the second 12 months, we also carry on Task 4.
Similar to the optimization of PHA production on pulp, investigation on molasses also consists

of three subtasks, pretreatment (4a), fermentation (4b), and PHA recovery/cell debris reuse (4¢).

%i



Because of the more complicated structure of molasses, a cost effective pretreatment time may

take more time to find than pulp. The project will be started on January 1 of 2008 and completed

on December 31 of 2009. Table 1 shows the details in time schedules of the tasks and

milestones. In addition, Table 1 also indicates the funding installments marked with $ symbol

and the project report submission marked with R symbol. Overall, the project will generate four §)
project reports, including three progress reports and one final report. We will deliver the reports

at the end of arrows as shown in Table 1. Some of the results are used in the project and some of \

them will be in the form of process design report and patent filing.

Table 1. Time schedule, milestones, funding installments ($) and reports (R)

Task Month Month Month Month Month Month Month Month

1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24
la l $ .
1b
__>
l¢ R
lﬁ

4a R

4b

4c

$
—

The project deliverables include:
1. Optimal conditions of pulp pretreatment from Task 1a.
2. Optimal conditions of PHA production on pretreated pulp from Task 1b.
3. Optimal conditions of PHA recovery and cell debris reuse in PHA production in pulp
medium from Task 1c.
4. Chemical and thermal properties of PHA bioplastics from Task 1. Specially, they are

chemical composition analysis and the spectra of Fourier transform infrared spectroscopy

10



(FTIR), differential scanning calorimetry (DSC), and thermal mechanical analysis
(TMA).

5. A process flow sheet of a pre-industrial pilot plant for PHA production on sugar beet
pulp, including major auxiliary equipment and size for a PHA fermenter of 1,000 liters
from Task 2. g

6. The material flows and composition of individual streams of the pilot plant including
potential emissions and wastewater streams from Task 2.

7. Batch operation conditions of the pilot plant, including the consumption of sugar beet
pulp and other chemicals and materials used in PHA fermentation and recovery, utility
consumptions (electricity, water, steam, cooling water), and labor hours from Task 2.

8. Discovery disclosure and patent filing on technology innovation for integrated PHA
recovery and reuse of cell debris for waste minimization and fermentation cost reduction
from Tasks 1 & 2.

9. Consulting and training service for the pilot plant construction from Task 3.

10. Optimal production of PHA on sugar beet molasses from Task 4.

11. Modification of the process flow sheet and processing conditions from Taskd.

11



ATTACHMENT 2 (RESEARCH BUDGET)

S. Budget, justification and funding Installments

The fixed price of the contract research is US$389,161 and the budget is allocated in Table 2.

Table 2. Project budget over 24 months in US dollars

Person Mo.

A. Senior Personnel

4.00
Subtotal
B. Other Personnel*
Technician (one) 24.00
Graduate Assistant (one) 24.00
Subtotal
Total Salary and Fringe

C. Stipend (Postdoc)*

D. Permanent Equipment*
E. Materials and Supplies
F. Repair/Maintenance

| G. Travel*

H. Subcontracts*

I. Other Direct Costs

J. Total Direct Costs (A-I)

Salary

41,182
41,182
70,512
36,400
106,912

148,094

K. Indirect Costs (38.4% excluding C, D & H>$25,000)

L. Total Direct and Indirect Costs

Fringe

15,756
15,756
26,978
30,358
57,336

73,092

Subtotal

56,938
56,938
97,490
66,758
164,248
221,186
0

0
30,000
20,000
10,000
0

0
281,186

107,975

389,161

12



The budget is justified as follows.

. Senior personnel ($56,938)

Dr. Jian Yu is the principal investigator (PI) of the project and responsible for science and
technology of the project. His duties include supervision and training of technician and junior
researchers, project management, coordination, progress and report. He will spend three
months per year in the project with two months compensation from the project. The faculty

fringe benefit rate of the university is 38.26%.

. Other personnel ($164,248)

The project will hire a full time technician to conduct the experiments and routine work
in the laboratory. This technical staff should have a bachelor degree in chemistry or chemical
engineering and a few years laboratory work experience. At University of Hawaii, a
laboratory research technician has a minimum pay of $35,256/year (PBA) with fringe benefit
of 38.26%. The project will also need a postgraduate assistant to conduct process simulation
and design. This part-time helper will be paid at $18,200/year (<50% FTE) with fringe
benefit of 8.34%.

. Materials and supplies ($30,000)

According to the spending rate and our experience on experimental supplies, we allocated
$30,000 for the materials and supplies to run the experiments. It covers the consumables such
as chemicals, solvents, gas, nutrients, HPLC columns and lab safety supplies. The fees for
PHA characterization in a third party laboratory such as DSC and TMA are included. The
budget will also cover other fees such as internet charge, document preparation, printing and

sample delivery.

. Repair and Maintenance ($20,000)
The experiments will use many permanent facilities in the laboratory such as bioreactors,
centrifuges, freeze-dryer, HPLC, UV/Vis spectrometer etc. According our experience, we

need $10,000/year to maintain their work conditions and replace the broken parts such as pH

13



and temperature sensors. The budget will also cover the cost in modification and

maintenance of bioreactors (2L, 20L, S0L) as well as the cost of computer software updates.

G. Travel ($10,000)

Two travels from Hawaii to Italy are planned for the project. We expect one trip during

the construction of pilot plant for technical consulting and another one for the first operation

of the pilot plant to provide technical training. The budget covers the return air tickets and

per diem in Italy.

K. Indirect cost ($107,795)

This research project will be conducted in the PI’s laboratory on campus and the indirect cost
rate of the university is 38.4% of the total direct cost ($281,196).

Funding installments
The fixed price of US$389,161 will be paid in four installments (see Table 1):

L.

The first installment of US$97,290 upon execution of this contract,

2. The second installment of US$ 97,290 on or before August 1, 2008
3.
4. The fourth installment for the rest (US$97,291) on or before August 1, 2009.

The third installment of US$97,290 on or before February 1, 2009

14



6. Appendix: Patents and publications of PI on bioplastics

Patents:

1.

Jian Yu (2007) “Recovery and purification of polyhydroxyalkanoates from PHA-
containing cell mass™ US Patent Application No. 11/684,110

Jian Yu (2001) “A green technology to produce biodegradable thermoplastics and
elastomers from organic wastes” (US Patent 7,141,400 11/28/2006; Singapore Patent No.
105875 [W003/062439A1]; Chinese Patent No. ZL03802258.3; Taiwanese Patent No.
1268288).

Publications:

1.

Jian Yu (2006). Microbial production of bioplastics from renewable resources. In: S.T.
Yang (editor), Bioprocessing of Value Added Products from Renewable Resources. Pp
585-610, Amsterdam, Elsevier.

Jian Yu and Lilian Chen (2006). Cost effective recovery and purification of
polyhydroxyalkanoates by selective dissolution of cell mass. Biotechnology Progress
22, 547-553.

Sun-En Lee, Qing X. Li and Jian Yu (2006). Proteomic examination of Ralstonia
eutropha in cellular response to formic acid inhibition. Proteomics 6(15):4259-4268.

Jian Yu, David Plackett, Lilian X L Chen (2005). Kinetics and mechanism of the
monomeric products from abiotic hydrolysis of poly[ (R)-3-hydroxybutyrate] under acidic
and alkaline conditions. Polymer Degradation and Stability 89:289-299.

. Lilian X. L. Chen and Jian Yu (2005). Abiotic hydrolysis of poly[(R)-3-

hydroxybutyrate] in acidic and alkaline media. Macromolecular Symposium 224:35-46.

Jian Yu and Yingtao Si (2004). Metabolic carbon fluxes and biosynthesis of
polyhydroxyalkanoates in Ralstonia eutropha on short chain fatty acids. Biotechnology
Progress 20(4):1015-1024.

Guochen Du, Lilian X. L. Chen and Jian Yu (2004). High-efficiency production of
bioplastics from biodegradable organic solids. Journal of Polymers and the Environment,
12:89-94

Jian Yu (2003). Biodegradation-based polymer surface erosion and surface renewal for
foul-release at low ship speeds. Biofouling, 19(suppl.): 83-90.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lo Wing Hong and Jian Yu (2003). Environmental factors and kinetics of microbial
degradation of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) in aqueous medium.
Journal of Applied Polymer Science, 87(2):205-213.

Pseudomonas oleovorans: mcl-poly(3-hydroxyalkanoates) synthesis versus -oxidation.
Process Biochemistry, 38:325-332.

Guocheng Du and Jian Yu (2002). Metabolic analysis on fatty acids utilization by §

Guocheng Du and Jian Yu (2002). Green technology for conversion of food scraps to
biodegradable thermoplastic polyhydroxyalkanoates. Environmental Science &
Technology, 36(24):5511-5516.

Jian Yu, Yingtao Si and Wan Keung R.Wang (2002). Kinetics modeling of inhibition
and utilization of mixed volatile fatty acids in the formation of polyhydroxyalkanoates by
Ralstonia eutropha, Process Biochemistry, 37:731-738.

Wing Hung Lo and Jian Yu (2002). Effects of energy dissipation rate and surface
erosion on the biodegradation of poly(hydroxybutyrate-co-hydroxyvalerate) and its
blends with synthetic polymers in an aquatic medium. Journal of Applied Polymer
Science, 83, 1036-1045.

Du, Y. Si and J. Yu (2001). Inhibitory effect of medium-chain-length fatty acids on
synthesis of polyhydroxyalkanoates from volatile fatty acids by Ralstonia eutropha.
Biotechnology Letters, 23:1613-1617.

Guocheng Du, Jian Chen, Jian Yu and Shiyi Lun (2001). Kinetic studies on poly-3-
hydroxybutyrate formation by Ralstonia eutropha in a two-stage continuous culture
system. Process Biochemistry 37(3):219-227.

Jian Yu and Yingtao Si (2001). A dynamic study and modeling of the formation of
polyhydroxyalkanoates combined with treatment of high strength wastewater,
Environmental Science & Technology, 35:3584-3588.

Guocheng Du, Jian Chen, Jian Yu and Shiyi Lun (2001). Feeding strategy of propionic
acid for production of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) with Ralstonia

eutropha. Biochemical Engineering Journal, 8:103-110.

Guocheng Du, Jian Chen, Jian Yu and Shiyi Lun (2001). Continuous production of poly-
3-hydroxybutyrate by Ralstonia eutropha in a two-stage culture system. Journal of
Biotechnology, 88:59-65.

Jian Yu and Jianping Wang (2001). Metabolic flux modeling of detoxification of acetic
acid by Ralstonia eutropha at slightly alkaline pH levels. Biotechnology and
Bioengineering, 73(6):458-464.
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20. Wang J. and Yu J (2001). Kinetic analysis on formation of poly(3-hydroxybutyrate) from
acetic acid by Ralstonia eutropha under chemically defined conditions. Journal of
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