INews]lellen
No.31 2009.04 No.31

GSCN was established in 2000 to promote research and
development for the Environment and Human Health
and Safety, through the innovation of Chemistry .

Arrival of era of global environment ideology
Koichi Kitazawa, President, Japan Science and Technology Agency (JST)

The coming era of renewable energy sources will require "geographic
averaging" made possible by a network of superconducting cables for power
distribution. The principle drawback of renewable energy is that it is
intermittent: wind stops blowing, the sun is obscured by clouds, and power
generation grinds to a halt. This creates a need to store energy, but "time
averaging" that is involved in storing electricity is exceedingly difficult and
Very expensive.

This whole conundrum could be solved with a globe-girding network of
superconducting cables. Such a grid would not only even out the daily
differences between night and day and the seasonal differences between
winter and summer, it would also eliminate the fluctuations in electrical
power resulting from the averaging effect. The capability to develop and
deploy this technology is now at hand.

Dr. Yukinori Kuwano, the former general manager of Sanyo Group's
R&D Headquarters, was an early advocate of the GENESIS project that

would bring power generated by solar cells in the Sahara Desert to Japan via superconducting cables. If
solar cells were deployed over 25% of the surface area of the Sahara, it would meet the total energy
requirements of the entire world. And if we could combine this kind of "optimum site for generating power"
with "geographic averaging," this would be even better still.

Over these past 20 to 30 years I have always felt that increasing nuclear power was the only viable
alternative. Now I believe that it would be very desirable if we could shift our emphasis to renewable energy
sources by the latter half of the 21st century. We owe it to our children and to our grandchildren to leave them
with a secure source of energy that is no more than two to three times the prevailing cost.

We can anticipate in the near future the emergence of a new era of global environment ideology centered
around greenhouse gas emissions. This ideology will affect the way people live, and will become a key
consideration in negotiations between nations. The recent election of Obama in the U.S. has hastened the
transition to this new era. Japan too has felt a discernable Obama effect, and has quickened the pace of
developing renewable energy sources. The European Commission is already investing close to 0.5% of its
GDP in renewable energy, and is recommending that 20% of its energy come from renewable sources by the
year 2020.

The younger generation in Japan grew up under the influence of animation classics with
environmentalist themes such as Nausicaa of the Valley of the Wind and Princess Mononoke. Not surprisingly
polls show that young people are ahead of their elders in regarding the environment as ideological in nature.
When the younger generation takes over the reins of power, I bet we'll see a major paradigm shift in all the
big electrical power using industries: silicon manufacturing, electrolytic steel production, electrolytic
recycling, water electrolysis industry—and last but not least, the chemical industry.

http:/ / www.gscn.net/ indexE .html
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8th GSC Award, METI Award(2008)

Development of new propylene oxide process by cumene recycling
Masaru Ishino
Petrochemicals Research Laboratory, Sumitomo Chemical Co.,Ltd

Abstract

It is very important as convincing measures for the issue of environment / resources to practice green
chemistry, synthesizing only an object efficiently without draining byproducts. Propylene oxide (PO) is
widely used with production more than 7 million tons per year worldwide as raw materials for urethane.
With the development of a high performance epoxidation catalyst, Sumitomo Chemical has succeeded in
establishing a novel PO only manufacturing process where cumene is used and recycled as a reaction
medium. Our PO cumene process gives higher yields than conventional processes while only producing
small amounts of by-products.

Propylene oxide (PO) can be produced by conventional chlorohydrin or hydroperoxide process. Each
conventional process has the unsolvable disadvantage, such as producing a large amount of valueless
chloride salt or co-producing a huge amount of stylene or isobutene.

Sumitomo Chemical has developed a new PO only production process that does not produce any
co-products. Cumene is used and recycled as a reaction medium like “oxygen carrier” through three reaction
steps of oxidation, epoxidation and hydrogenation in the process (figure 1).

Most important problem was how to develop a highly active catalyst for the epoxidation using such a
large molecule like cumene hydroperoxide with propylene. Microporous Ti-silicate zeolite such as TS-1 is
well-known to be a very active epoxidation catalyst by the reaction with hydrogen peroxide, but it showed
extremely low activity for the epoxidation with cumene hydroperoxide. The three factors are thought to be
important for developing high performance catalyst, (1) to maximize tertrahedral titanium active sites highly
dispersed in a silica matrix, (2) to have mesoporous structure (nano space) which a large molecule like
cumene hydroperoxide can be easily diffused, and (3) to have sufficient hydrophobic property for high
propylene affinity. As a result of challenging catalyst development especially focusing on how to make as
many meso pores as possible, we have succeeded in finding and industrializing a high performance Ti-silica
epoxidation catalyst, which have a characteristic “mesoporous structure”. Figure 2 shows a reaction image
with a mesoporous epoxidation catalyst. We think this is a first example of industrialized mesoporous
catalyst.

In our process, all reaction steps proceed in especially high yields, and the usage of process energy is
very low since all exothermic reaction heat of oxidation, epoxidation and hydrogenation is recovered and
effectively utilized. Therefore, we think our PO cumene process is superior in raw material consumption
and energy consumption to other processes including the hydrogen peroxide method. We can estimate that
the energy saving effect of our new process against a conventional process is equivalent to the carbon
dioxide reduction of about 300,000 tons/y, based on a PO 200,000 tons/y plant. Our new PO process is very
economical and “green”. The first plant using our new technology was built in Japan and started up in 2003,
and the second plant at Petro Rabigh in Saudi Arabia is to start up this year.
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8th GSC Award, MEXT Award(2008)
Development of plastic dye-sensitized solar cells by printing technology

Graduate School of Engineering, Toin University of Yokohama,
Tsutomu Miyasaka and Masashi Ikegami
Peccell Technologies, Inc., Kenjiro Teshima

Abstract

By combining low-temperature deposition of titanium dioxide (TiO2) porous films with printing
technology, the ability to produce low-cost dye-sensitized solar cells (DSSCs) on plastic substrate is now
available. With energy conversion efficiencies up to 7%, these lightweight flexible plastic solar cells are
now poised for large scale commercial production and will see extensive application to portable applications
DSSC technology is environmentally friendly because the fabrication processes are extremely energy
efficient and the constituent materials can be easily recovered and recycled. An easy-to-assemble
dye-sensitized solar cell kit was developed as a learning tool to teach school children about energy and the
environment.

1. Fabrication of dye-sensitized solar cells by low-cost chemical processes

Dye-sensitized solar cells (DSSCs) have now reached practical efficiency levels that are high enough
to compete with conventional solar cells, and can be fabricated inexpensively in open air conditions. The
development of dye-sensitized semiconductors grew out of efforts to increase the sensitivity of
photosensitive materials, and photoelectochemical research has a long history stretching back more than 40
years. Recently, energy conversion efficiencies up to 11% have been achieved using very large sheets of
dye-sensitized nanocrystalline porous titanium oxide (T102) film with a surface roughness coefficient of
greater than 2000. Dye-nsitizedporous TiO2 films are highly light absorbent, and are thus able capture
diffuse visible light on overcast days outdoors and from artificial light sources indoors very efficiently. As
the ubiquitous network society continues to evolve, these lightweight unbreakable and flexible photovoltaic
cells show enormous promise for replacing the vast number of batteries that people use in the mobile
devices that they carry around. In the deposition of semiconductor nanocrystalline porous TiO2 film— the
heart of the DSSC fabrication process—typically a paste that consists of nano particulate TiO2 suspended in
a resin binder is coated onto a substrate, which is then sintered by firing at a high temperature of 450°C or
above. This forms the photovoltaic layer that absorbs or is sensitive to the dye.

Until recently, expensive transparent conductive glass coated tin oxide was used for the substrate, so the
substrate alone accounted for close to half the manufacturing cost. If this glass substrate could be replaced
by plastic film, this would greatly simplify the fabrication process and also permit continuous roll-to-roll
manufacturing such as used to make textiles that would dramatically reduce the production costs.

2. Printable plastic dye-sensitized solar cells

With the goal of producing electrodes for DSSCs using plastic substrate, the authors developed an
innovative new type of paste for the porous TiO2 that is cured by dehydration drying at low temperatures
below 150°C and thus doesn't require high-temperature firing. Not including the binder, the paste is a
viscous composite that consists of nanocrystalline TiO2 particles and titanium dioxide aqueous sol as a
particle binder that is dispersed in branched alcohol-water. The paste is coated onto the substrate by screen
printing, and the nanocrystalline porous film is cured by applying dry heat under 150°C and
dehydration-condensation reaction. Using ITO transparent conductor coated PEN (polyethylene
naphthalate) for the substrate, Ru complex dye N719 for the sensitizer, and iodine in 3-methoxypropionitrile

for the electrolyte, we fabricated dye-sensitized solar cells with an active area of 0.23 cm2 that yielded
energy conversion efficiencies of 5.9% in strong light (1 sun = 100 mWcm-2) and 7% in low light.
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Next, the 8th GSC awards ceremony and reception took place at the Josuikan Star Hall. Amid
thunderous applause from the crowd of 200, the award winners were called up to the front where GSC
Network Chairman Takashi Tatsumi recounted their achievements and they were presented with plaques and
certificates from the distinguished guests: Yoshikazu Goto, Director-General of Manufacturing Industries
Policy for METI, Takao Kuramochi, Deputy Director-General of the Higher Education Bureau for MEXT,
Hirotsugu Kimura, Director of the Environmental Health and Safety Division for MOE, and Koji Oe, GSC
Network Chairman. Following the awards ceremony, a reception was held where Chairman Oe gave a
welcoming address, Messrs. Goto, Kuramochi, and Kimura made brief speeches, and Makoto Misano,
Director of the National Institute of Technology and Evaluation, toasted the winners. A wonderful time was
had by all as the attendees mingled and chatted and socialized.

The second day started off with talks by Atsushi Fukuda, Director of the Fine Chemicals Office of
Manufacturing Industries Bureau at METI, and Hirotsugu Kimura, Director of the Environmental Health
and Safety Division at MOE who laid out the government perspective. This was followed by the remaining
two invited lectures in the science program by Professor Tadafumi Adschjiri of the Tohoku University
Graduate School and Hideshi Kurihara of Teijin Limited. In the afternoon, we heard talks from the five GSC
prizewinners. | hope you will take time to read the summary overviews of the winning papers printed in this
issue. In the last session, Professor Buxing Han of the Institute of Chemistry at the Chinese Academy of
Sciences gave a presentation, and briefed the assembly on the upcoming 4th International Conference on
Green and Sustainable Chemistry (GSC-4) and 2nd Asian-Oceanian Conference on Green and Sustainable
Chemistry (AOC-2) that will be held in Beijing in August 2009. This was followed by one last keynote
address by Chairman Oe on "GSCN activities to build a sustainable society." Finally, GSC Network
Chairman Tatsumi recapped the symposium, highlighted what the participants might expect in years ahead,
and closed the meeting with some final remarks.

This symposium was made possible by the generous support of the Asahi Glass Foundation. In
addition, assistance was received from 68 groups and organizations. It's gratifying and I really appreciate the
fact that our GSC activities are supported by so many good organizations. Finally, I would also express my
appreciation to all the speakers, the participants, and the many others whose collective efforts made this
symposium possible.



