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Changing
Demands and
the Optimisation
of Processes in
Japan’s Energy
Landscape

With the increase in global schemes to reduce
CO2 emissions and move towards renewable
energy sources, Japan and other countries
have experienced a decline in their petroleum
industries. Yusuke Mori and his colleagues at
the University of Tokyo consider the role of the
Fluid Catalytic Cracking unit commonly used in
the petroleum industry and consider how this

process and its byproducts can be optimally

used to reflect these changes in Japan's

energy market.
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Current and Changing Energy Situations in Japan

Across the world, we are becoming progressively more aware of
the energy we use and the impact of greenhouse gases on global
warming. This has led us to transition away from fossil fuels and
choose more renewable energy sources, such as solar and wind
energy. Predictions show that in the next decade, this trend will
continue, with dramatic transformations needed to attempt to
limit global heating to the increase of 1.50C as laid out in the Paris
Agreement in 2015.

In Japan, these changes to the energy landscape can be seen in
numerous ways. From 2012 to 2021, there was a 16% average annual
growth in Japan's installed capacity for renewable energy, with
alarge increase in solar energy capacity in particular. This has
been boosted by their feed-in tariff scheme, meaning that buying
energy that has been produced from renewable sources has fixed
pricing set by the government. Japan also has numerous goals to
improve its energy landscape, such as aiming to improve energy
efficiency by 40% by 2030.

Alongside increasing its capacity for renewable energy generation,

Japan is also looking to reduce its greenhouse gas emissions,
particularly by reducing its CO2 emissions, 84% of which come
from its energy sources. Japan is also one of 145 countries aiming
to achieve carbon neutrality by 2050. This means that the country
is increasingly working to balance the amount of greenhouse gas
emitted to the atmosphere with that removed to balance to zero
net emission of greenhouse gases overall. In particular, Japan

is looking at developing different technologies and processes

to recycle CO2 emissions, using it as a resource to create raw
materials or feeding it back into other manufacturing processes.

As a result of these global shifts, there has been a recent decline
in the petroleum industry. For example, 15% of Japanese petroleum
refineries have been shut down in recent years. Yusuke Mori and
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his colleagues at the University of Tokyo have highlighted this
and considered how existing petroleum refineries will need to
aim to improve their operational efficiency and reduce their CO2
emissions.

To achieve this, Yusuke Mori and his colleagues developed
simulations of the fluid catalytic cracking (FCC) process used at
petroleum refineries to better understand and optimise it, and to
consider how byproducts can be recycled within the process to
help reduce carbon emissions and enable the production of other
materials.

What is Fluid Catalytic Cracking?

FCC is a conversion process commonly used in the petroleum
industry. It takes the high boiling point, heavy hydrocarbon parts
of petroleum, which are sometimes referred to as crude oils, and
changes them into the petroleum products we use in everyday
life, such as the petrol fuel we put in our cars or the alkenes that
go into manufacturing plastics and other materials. To improve
the rate at which this reaction occurs, a catalyst is used — these
substances alter the speed at which reactions occur but aren't
used up in the reaction.

The aim of this process is to break down the longer chains of
hydrogen and carbon atoms in crude oil into shorter chains, and
these shorter chains form useful petroleum byproducts. To do
this, the initial input crude oil, or the feed’, is preheated and is
then mixed with the catalyst and passed into a reactor unit. In the
reactor, the products from the catalytic cracking are removed

to leave the catalyst behind, and the hot petroleum products
pass into a fractionator, a column which will separate out the
different petroleum products based on their various boiling



points. However, at the bottom of this fractionator, some slurry
will remain, comprised of the oils which have not been recovered
as petroleum products and any catalyst that wasn't previously
removed.

Yusuke Mori and his colleagues created a simulation of this
process based on the typical systems used in Japan and their
capacity. Their simulation allows them to tune the system to vary
operational parameters such as the riser outlet temperature

or the temperature at which the reactor is heated. From this,
they can optimise their simulator to align with operational data
from current real-life FCC processes, allowing them to further
understand how alterations in this process can affect the
outcomes.

Simulating and Optimising

Within this simulation, Yusuke Mori looks at different uses for the
slurry produced in the FCC process. One potential case they
consider is when the slurry is reused as new feed for the reactor,
recirculating it in the process. This aims to both recycle the
slurry and yield as much product from the slurry as possible by
using any catalyst remaining in it, reducing the amount of slurry
produced overalll.

The second case they consider adds an additional unit into the
FCC process called a delayed coker. A delayed coker is a unit that
comes after the main fractionator and converts the residual oils
from the fractionator into other products. Yusuke Mori focused, in
particular, on increasing the yield of needle coke, or a carbon-rich
substance that has an ordered, crystalline structure. Needle coke
is used for the construction of electrodes for steel and aluminium
manufacturing, for example.
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Any remaining oils from the delayed coker are then recycled back
to the start of the FCC process, just like in the first case.

To evaluate the results of their simulations, the researchers
consider a range of different metrics. The economic outcomes
are considered by costing the output petroleum products using
current market values and considering the cost of running the FCC
unit. The environmental effects are considered by looking at the
carbon dioxide emissions from the process, and also considering
the impact of carbon pricing, or the placing of a fee on
greenhouse gas emission. Finally, these two metrics are combined
to help us understand the outcomes of each of these different
cases. Yusuke Mori and his team also consider how the yield of
different petroleum products changes as the different pressures
and temperatures used in the FCC unit are varied.

Impacts of Altering Fluid Catalytic Cracking
Processes

From simulating the two different uses of the slurry as described
above, Yusuke Mori and his colleagues highlight a number of
different outcomes from these processes. Considering the
economic factors, increasing the riser outlet temperature
increases the production of gasoline. However, this also increases
CO2 emissions and causes more money to be spent on carbon
pricing, reducing profit.

To optimise this process, Yusuke Mori's team then step through
different parameters to find the best operating conditions. They
find that the case where the slurry oil is introduced to the delayed
coker outperforms the case where the slurry oil is recycled, but
interestingly, they also find that the best overall evaluation is very
similar to the best economic outcome. They suggest that this may

In Japan, these changes to the
energy landscape can be seen

in numerous ways. From 2012 to
2021, there was a 16% average
annual growth in Japan’s installed
capacity for renewable energy,
with a large increase in solar
energy capacity in particular.
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Yusuke Mori’s research into
simulating new ways to use the
slurry byproducts and optimising
the operation of FCC units allows
petroleum refineries to operate
more efficiently...

be due to Japan having a lower carbon pricing rate compared to
some European countries. However, carbon pricing is increasingly
becoming a part of business around the world, so Japan'’s lower
carbon pricing is likely to be raised in line with global trends in the
future.

The use of the delayed coker and the production of needle

coke may also have impacts on the petroleum industry in the
future. Whilst needle coke is already used in many established
manufacturing processes, it is beginning to accumulate more
interest, for example, as a potential carbon material to be used in
the lithium-ion batteries found in electric cars. This means that the
value of needle cokes could increase in the future, as the needle
coke market is forecasted large growth in the next 10 years. By
capturing carbon in this useful byproduct, coking can also offset
the carbon dioxide emissions from the FCC process overall.

Yusuke Mori and his team simulate how their results are affected
by these changes in the market around needle coke. The model
with the delayed coker continues to perform the best, with a
profit increase rate of 1.1% and a potential CO» reduction of

70% compared to current processes. This model is also more
compatible with the growing movement of countries aiming to
minimise their CO, emissions and may also be beneficial if Japan
chooses to increase its carbon pricing in the future.
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Future Aspirations for Renewable Energy
Production

Overall, the push towards increasingly renewable energy
production and other green targets, such as carbon neutrality, is
already underway in many countries. Evidence of this can already
be seen in Japan’s energy landscape, with even more changes to
come in the future.

Yusuke Mori's research into simulating new ways to use the

slurry byproducts and optimising the operation of FCC units
allows petroleum refineries to operate more efficiently, and the
production of needle coke could be a potentially valuable asset
for these plants as this market grows. Constructing models like this
can allow us to understand and improve these processes further,
optimising them both to ensure this industry adapts to fit the
changes in our energy landscape and to help take steps towards
reducing our environmental impact.
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