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2 Summary

The present project is a verification project in which the catalytic
production of 2,5-furandicarboxylic acid (FDCA), a raw material for
producing polyethylene furanoate (PEF) resin from glucose, an
abundant resource, via 5-hydroxymethylfurfural (HMF), is industrially
commercialized as a new process for manufacturing bioplastics. This
verification project is directly targeted towards building a decarbonized
society.

Since the start of this project in 2021, as a technological development,
we have been advancing the technological establishment of the HMF
production process, concomitant with the technological development of
FDCA production.

As important points of technological development, we focused on the
following topics:

[Test to improve the rate and yield of the integrated production of
bio-sugar - HMF - FDCA]

@ Examination of improved recovery rates

We found that “baking” and “cleaning with bleach” are effective
methods of removing humic acid (attached in the synthesis of HMF from
glucose) from the catalyst. We verified that the performance of
conventional catalysts can be restored by regenerating the deactivated
catalyst using the above two methods. Considering commercial
production, the “baking method” was considered more suitable, and the
regeneration conditions were optimized.

We identified the composition of each bio-sugar and examined changes
in the outcomes of HMF synthesis with variation of the bio-sugar
composition. The reaction conditions for HMF synthesis using pulp sugar
were examined, revealing that the performance was similar to when
glucose was used as the raw material.

@ Examination of yield improvements

The concentration of the raw material was increased from the
conventional 10% to 60% to examine the effect on the yield. At a raw
material concentration of 60%, the HMF yield and production efficiency
were maximal. As such, high-concentration bio-sugar can be used for
the reactions without dilution; thus, a reduction in the amount of raw
material used in the production process is anticipated.



To examine the process, the size of the reaction column filled with the
HMF catalyst was doubled. By controlling the liquid flow rate and
pressure, we were able to maintain the reaction performance.

The FDCA synthesis was changed from the conventional batch
method to a flow method. Using a newly-developed precious-metal
catalyst, we developed a reaction process that stably and continuously
produces FDCA from HMF with a yield of 67%. High-purity FDCA (99%)
was successfully separated. As for the life of the catalyst, it was found
that it did not deactivate even after 14 days of continuous operation,
and we plan to continue investigating the durability test. Aiming
towards commercial production, we believe that scale-up of this process
is possible.

® Confirmation of FDCA quality

FDCA was synthesized from pulp sugar in a yield of 100 g and the
polymerization to form PEF was evaluated. Pulp-sugar-derived PEF resin
and PEF-PET copolymer resin were thus successfully synthesized.
Evaluation of the polymer characteristics showed that the small amount
of impurities in FDCA derived from pulp sugar reduced the degree of
polymerization of the polymers. Having discovered the undesirable
impurities, we were able to provide feedback for the upstream
processes, which require improvements.

[Verification of scale-up for integrated production of pulp-sugar-
FDCA]
To verify the feasibility of scale-up, we shared the technology utilized
for the lab-scale synthesis of HMF and FDCA with our joint-practitioner,
Zeon Corporation. Challenges related to increasing the scale for HMF
and FDCA synthesis under the conditions developed up to 2022 and the
processes that must be improved to tackle such challenges were
identified. With the improved process, we manufactured at least 100 g
of HMF and FDCA to verify the increased scale. The proposed
production target was 5,000 tons/year, based on which the capital
investment for the manufacturing facility and cost of manufacturing
HMF and FDCA were estimated. We set the goal as commercialization of
the process and clarified the present challenges associated with
achieving this target.

[Evaluation of HMF and FDCA samples]

We shared the methods of analyzing bio-sugar, HMF, and FDCA, as well
as the analytical results, with our co-practitioner, Zeon Corporation, and
adjusted the product quality. Upon sharing the synthesis conditions and
quality evaluation results for HMF, etc., we identified the challenges



associated with increasing the production scale and verified the
improvement of the process.

[Verification and evaluation of LCA]

Based on the preliminary and background data from the lab-scale
equipment, we quantitatively examined and evaluated the reduction in
CO2 emissions when PET films, sheets, and bottles were replaced with
PEF. When the production scale is increased, the energy efficiency for
heating and other processes must be improved. On this basis, the CO2
reduction for the production of films, sheets, and bottles is expected to
be 2.220, 2.246, and 0.077 kg-CO2eqg/kg, respectively.

[Market research on bio-sugar]

Several bio-sugar raw material samples were evaluated for HMF
synthesis. We successfully obtained HMF in all cases. Specifically, pulp-
sugar was the most efficient material, with a high HMF yield.
Considering the information obtained from trading companies and sugar
supply manufacturers, and the future supply system, pulp-sugar is
plausibly the most suitable material for business start-up. In the long
run, we plan to build a rice husk saccharification system.
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1 7.6mmx15cm P-TiO2 4 25% 145 4 0.2 0.3~0.4 18.8
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3 20mmx 5cm P-TiO2 6 25% 145 4 0.5 0.3~0.4 15.6
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