INNOVATION

New Ammonia Synthesis Technology

A Process Based on an Electride Catalyst Enables Small-scale Ammonia Production

Tsubame BHB was established in April of 2017 based on a new

catalyst technology developed by Prof. em. Hideo Hosono at the

Tokyo Institute of Technology (Tokyo Tech), which allows an ammo-

nia process at lower temperature and pressure. The overall process

designed by Tsubame BHB provides a new small-scale ammonia

production technology as an alternative to the common large-scale,

centralized production. The Japanese start-up company aims to

put the world’s first on-site ammonia synthesis system into practi-

cal use and provide ammonia in remote areas via this process with

low environmental impact. Masahiro Watanabe, representative di-

rector and CEO, explains the vision and strategy of the company.

CHEManager: How did the com-
pany, Tsubame BHB start?

Masahiro Watanabe: The new ammo-
nia synthesis catalyst developed by
the group of Professor Hosono at To-
kyo Tech provides the possibility to
run the process at lower tempera-
tures and lower pressure than the
conventional Haber-Bosch synthesis.
As a consequence, this catalyst pro-
vides the possibility to produce am-
monia economically on a smaller
scale. We founded Tsubame BHB to
commercialize this new technology
by developing and designing the pro-
cess around the catalyst.

What had been the biggest hurdles
to overcome so far?

M. Watanabe: The development of the
catalyst manufacturing process was
one of the big hurdles so far. The elec-
tride catalyst needs to be produced
on a large scale for the commercial
plants. Since the catalyst manufactur-
ing process consists of synthesis,
kneading, molding, drying and calci-
nation, all steps require a suitable
method to provide high catalyst activ-
ity, stable catalyst lifetime and safe
handling. As our catalyst is a new ma-
terial, there was no established
method for such manufacturing, and
our catalyst engineering team spent
lots of efforts in developing the manu-
facturing method. After more than
two years we could finally establish
the catalyst manufacturing method
for mass production.
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The catalyst you are using is quite
extraordinary. How did its develop-
ment start at all?

M. Watanabe: For the first time, Prof.
em. Hosono realized the synthesis of
an electride—an electronized material
where electrons behave as negative
ions—at Tokyo Tech. He discovered an
electride by replacing oxide ions inside
the cage structure of 12Ca0 - 7AL,03, a
constituent of commercial alumina ce-
ment, with electrons. The discovery
was published in 2003.

The Hosono group later on applied
the compound as a catalyst for syn-
thesizing ammonia, thinking that the
bond of nitrogen molecules could be
easily cleaved by utilizing the elec-
tron-donating property of this C12A7
electride, and it was found to be bet-
ter than the conventional catalysts.

In which development phase is your
process?

M. Watanabe: In December 2019 we
constructed a pilot plant in order to
demonstrate the commercial viability
of the technology as well as to opti-
mize process conditions and the cata-
lyst. So far, the tests run in the pilot
plant showed that the catalytic activ-
ity is higher than in laboratory tests,
so the catalyst amount can likely be
reduced by 30%. Also, we found that
continuous operation with an annual
capacity of 20 tons is possible without
any significant loss in catalytic per-
formance. The ease of handling, the
safety, and the activity of the catalyst

could be confirmed, and a number of
verifications could be conducted with
the goal of improving the practical
use in the next years.

Where could this new process be ap-
plied?

M. Watanabe: We believe, there is a
big market potential for an on-site
production technology that provides
an alternative to the common
monopolar concentration and mass
production of ammonia. On one hand,
it reduces transportation and storage
costs and can provide ammonia in re-
mote areas or in countries without
domestic ammonia production. On
the other hand, the technology con-
tributes to an environmentally
friendly and sustainable energy sup-
ply by offering the possibility to com-
plement ‘green hydrogen’ as a means
of transportation and storage.

Is Tsubame BHB already open for
business?

M. Watanabe: The basic design phase
of our standard-size modular system
with 3,000 mto/y and 5,000 mto/y, re-
spectively, is already completed, and
currently customers are evaluating
our proposal. Moreover, we also offer
an EPC-type sales model, which is
suitable for customers with a demand
of more than 10,000 mto/y. We be-
lieve, that we will received the first
purchase order for a commercial
plant within this year.

PersoNAL PROFILE

Masahiro Watanabe graduated from
the International Christian University
with a degree in physics. In 1976,
Mr. Watanabe began his career at
Chiyoda Corporation and worked
for refinery plant constructions in
Saudia Arabia and in Indonesia for
an LNG production project. Mr. Wa-
tanabe joined Chiyoda Advanced
Solutions called ChAS, an affiliate
company of Chiyoda Corp., as sales
director in 2002 and was later pro-
moted to executive director, and, in
2009, to president and CEO. In June
2019, Mr. Watanabe assumed the
position of CEO of Tsubame BHB.

What is Tsubame BHB’s vision and
mission?

M. Watanabe: Our mission is: We will
solve current issues related to envi-
ronmental problems and food sup-
plies by utilizing a unique technology
and realize a sustainable society.

Our vision has various aspects:
Firstly, applying a new technology
originating from colleges and uni-
versities, promoting development
through active collaboration with
other companies, and initiating sup-
ply chain innovation in the ammonia
industry.

Furthermore, our innovation will
provide means to solve the problems
of the uneven distribution of supplies
and the depletion of resources in the
food sector, and it will support sus-
tainable and more environmentally
friendly energy supply and distribu-
tion.

And finally, we will develop human
resources who can implement crea-
tive technologies in society, promote
technological development that re-
duces environmental impact, and en-
sure sustainability.

What does the name Tsubame BHB
mean?

M. Watanabe: Tsubame is the Japan-
ese term for swallow, which is the
bird depicted in the seal of Tokyo
Tech. In Japan, swallows traditionally
portend good fortune. And BHB
stands for ,Beyond Haber-Bosch®,
which is how we define our mission.
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Although developed about 110 years
ago, the Haber-Bosch process is
still the standard process for am-
monia synthesis all over the world.
However, the Haber-Bosch process
requires high pressure and high
temperature conditions, such as
400-600 °C and 20-100 MPa. Due
to those special conditions, typical
ammonia plants are constructed in
large scale and mainly concentra-
ted in specific areas with adequate
raw material supply.

New technology enables easy and
convenient use of ammonia

The target of Tsubame BHB’s pro-
cess is to achieve small-scale onsite
ammonia production in distributed
areas where ammonia or nitrogen
fertilizer is needed. The current cen-
tralized production of ammonia re-
quires transportation and storage
between the production and demand
location. Because ammonia has a
very low dew point and is poisonous
and environmentally hazardous, the
transportation and storage costs are
high. Therefore, it is difficult and
expensive to distribute and supply
ammonia as a base chemical to all
places in the world. The technology

B Tsubame BHB Co., Ltd., Kanagawa, Japan
https://tsubame-bhb.co.jp/en

Onsite Small-scale Ammonia Production

developed by the start-up enables
small-scale ammonia production,
therefore decentralized, onsite am-
monia production becomes feasible
to provide easy and convenient use
of ammonia in many locations where
it is not possible today.

Electride catalyst makes green
ammonia production possible

Environmentally friendly solutions
are needed to achieve a sustain-
able society, and ‘green ammonia’
is in the focus of various industries.
When renewable energy is used to
produce hydrogen in an electroly-
zer as a raw material for the am-
monia synthesis, the produced am-
monia is called ‘green’ as there is no
CO, emitted from the process. Green
ammonia is expected to be used for
conventional ammonia applications
as well as fuel for power generation,
substituting existing fuels such as oil
and gas. For green ammonia, onsite,
small-scale production is needed,
since it has to be used in decentra-
lized locations in any country or re-
gion. Tsubame BHB’s solution using
an electride catalyst will help to
achieve these targets and with that
establish a sustainable society.

“Tsupame BHR

Tsubame BHB'’s 20 ton/year pilot plant in Kawasaki, Japan, began operation in
December 2019.

Tsubame BHB owns a proprietary
ammonia synthesis catalyst tech-
nology and develops small-scale
ammonia production systems. The
company aims to solve the environ-
mental and societal issue of CO,
emissions as well as food farming-
related issues in developing coun-
tries as ammonia is an essential
chemical for fertilizers. Moreover,
conventional ammonia is produced
from fossil fuel, and with that emits
large amounts of CO, during the
production process.

Tsubame BHB’s new process
enables ammonia to be produced at
lower pressure and lower tempera-
ture than the conventional process,
and therefore, can be produced in
smaller scale. Based on a modular
system, the technology can support
ammonia and fertilizer production
anywhere economically. When com-
bined with renewable energy for
hydrogen production, the process
contributes to one of the key as-
pects of the UN SDGs, to reduce CO,
emissions.

The start-up continues to devel-
op its technology in order to meet
the variable supply of hydrogen
by renewable energy. Recently the
start-up entered into a coopera-
tion with Mitsubishi Chemical for
investigating the possibility to use
membranes in the reactor in or-
der to continuously separate the
ammonia from the feed gas. This
would allow to run the process as a
single throughput, and the cost and
energy intensive recycling of the
feed gas could be omitted.

Mission, Milestones and Roadmap

Milestones

2017

m Company establishment by Tokyo
Tech professors, Ajinomoto and
Universal Materials Incubator

2018

m Selection of commercial catalyst
fromvariouselectride catalystcan-
didates upon evaluation in the lab

2019
m Construction of pilot plant at Ka-
wasaki City

2020

m Catalytic activity in pilot plant
confirmed higher than laboratory
result

m Basic concept of 3000 TPA and
5000 TPA modular system estab-
lished

m Investment round for business
development by four additional
companies

m Start of joint evaluation with Mit-
subishi Chemical Corp.

m Tsubame BHB selected for the
Japan International Cooperation
Agency (JICA) SDG program

Roadmap

2021
m First order for a commercial
plant expected

2023
m Start of operation of first com-
mercial plant

Onsite ammonia production from renewable energy brings value to society, for

example as electricity and fertilizer.
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