
Out of all topics related to Net Zero, our team decided to focus on transportation aspects. In
specific, we picked an electric airplane. Our project was named, “All-electric airplane - CO2
reduction”. First, we redefined what is net-zero and what is an electric airplane. Our goal is to
construct an airplane that runs with electricity and emits net-zero CO2. We calculated how
much emissions will be reduced by replacing a current jet-fuel plane with an electric airplane
and considered what we need to do to reach net zero by utilizing it. Next, from the many
problems and potentials of an electric airplane we detected, we chose some of the major ones
and introduced them. For example, we found the airline industry’s contribution to the
emission issues. It provides 2.5% of global emissions, and that is 1.04 billion tons per year.
However, if we succeed in constructing FEA (full electric airplane), 87% of CO2 will be
reduced. We can state that this electric airplane has great potential to contribute to reducing
emissions. Based on this information, we divided our challenges into 3 parts, which are
science, charging, and cost. With the science aspects, we tested multiple batteries to idealize
the best suitable battery type. Currently, Lithium-ion battery shares a large part of electronic
devices, such as a smartphone. However, all-solid-state battery might be more suitable for
electric airplane because it provides high specific energy, more safety, and less weight. Next,
with the charging aspect, we simulated building a new electric power plant. Also, we
examined the multiple methods to recharge electricity during flight. Lastly, we researched
costs we need to commercialize electric airplanes. Since part of fuel price and maintenance
cost will be cut, we can assume that we have at least 50% low-priced ticket. In conclusion, as
we simulated with an airplane with 180 passengers for an 800km flight, an all-solid-state
battery is the most appropriate battery. It leads to reduce about 87% of CO2. This can also
lower ticket prices by about 50-80%. Although the technology is not ready to commercialize
planes yet, we believe more investigation will make it possible.

In this project, I mainly focused on the charging perspective, especially recharging during
flights. Even if we use the most efficient battery, FEA still raises the cost and takes more time
to charge compared to the current jet-fuel airplane. First, I focused on the regenerative brake.
It is a technology that an airplane uses electricity for acceleration and propulsion, and charge
electricity when it decelerates and level down. There is an airplane from JAXA, which
succeeded with using regenerative soaring during a flight. I introduced a graph that shows the
motor shaft output, which is basically how much energy it uses, and the remaining battery of
the airplane. From the graph, we can observe that there is a moment that motor shaft output
gets negative values. At the same time, the amount of remaining battery keeps constant or
even increases. From this data, we can conclude that this airplane succeeded with
regenerative soaring and recharging electricity. The minimum power we require for an
airplane with 180 passengers’ airplanes is calculated as about 6 MW. This is the potential
energy we can convert to electricity. Although the specific values of efficiency to convert
energy into electricity are not determined yet, I consider this technology will help to reduce
the initial electricity we need. Next, I decided to work on solar power generation. This is the
same technology we conduct on the ground, but for this situation, it is on the wing. I
calculated the energy airplanes we can get from solar power with the equation E= TSI * A *
E * flight time, where TSI is the total solar irradiance, A is the surface area wing, and E is the
solar photovoltaic efficiency. As I calculated the percent of energy from solar power against
total flight energy is about 0.07 to 0.7%. Although this does not contribute much to reduce
the initial energy we need, I consider investigation on this field is still ongoing, so these
values will be improved in the future.

From the lectures of this course, I learned a variety of methods evaluating the challenges we
face. In the class time, we mainly use them to share the contents of research we did outside
class. Also, we use it to divide work and research about the specific area each of us focused
on. Overall, one of the most important things I learned through this course is to determine
specific common goals initially, so that we can try to reach them with different perspectives.



We considered having different perspective and works on individual tasks are important and
useful methods. However, sometimes we lost the most important goals and concentrated into
individual works too deeply. Therefore, we sometimes did calculations with different
conditions. For example, I calculated the possible energy we can get with solar power
generation during flight from papers I found. I tested with multiple situations, such as flight
from Tokyo to San Francisco, Tokyo to Beijing, and Tokyo to Soul. I was not aware that our
goal is to create an airplane with 180 passengers with an 800km flight. Our group members
discussed and decided within the class time, but I was too into my work and unaware about it.
From this experience, I learned that it is important to share the information more often and
check what is the final goal so that we do not lose.


