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Abstract
Historically, the integration of social need, environmental impact, and
technological advancement has been a challenging balancing act for
growing cities and metropoles. If the balance between social need and
environmental sustainability is reached, the increasing advancements and
improvements made to electric aircrafts have the potential to steer society
towards a new mode of sustainable air. One reason why electric aircraft
technology has not grown as fast as other technologies is because there
lacked a need for fast advancements. With that said, electric aircraft
technologies are improving today due to the demand in heavily populated
cities to relieve traffic 1. Some issues growing cities face are inadequate
housing, inefficient infrastructure, and high traffic congestion. According
to the Metropolitan Transportation Commission (MTC), traffic congestion
within the Bay Area has increased 9% in the past two years 1. The
gridlock in the Bay Area increased as approximately 13,000 cars cross the
Bay Bridge daily. A report produced by Arup Corporation reports that the
Bay Area is second only to Los Angeles in the intensity of traffic
congestion M. A study by UCLA determined that the economic boom in
the Bay Area in the previous decade had driven the influx of inhabitants to
the area [®l. These are two examples of metropolitan cities that are
impacted by traffic congestion. To mitigate the negative consequences
associated with high traffic congestion, it is beneficial to explore
redesigning the infrastructure of metropolitan cities in tandem with
residual effects of the economic boom. Bl. This literature review analyzes
electric aircraft as a viable solution to high congestion and explores the
possible effects of it on the environment.

Introduction
The development of a taxi-like system with small electric aircraft
could potentially help alleviate the issue of bumper-to-bumper traffic and
mobility in highly congested metropolitan areas. With that said, this
increase in use raises a concern about how this would affect the
environment. Prior to examining the use of electric aircraft as a taxi-like
transportation system, a brief understanding of the general environmental
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impact of air travel needs to be addressed. The general concerns
surrounding conventional air travel on the environment are the level noise,
emissions, and the state of air [°l. Conventional air travel meaning using
aircraft operated by combustion engines.

The noise generated by aircraft stems primarily from airframe
noise and engine noise during take-off and landing at major airports I,
Airframe noise is defined as the noise produced when the turbulent flow
encounters the aircraft’s surfaces, landing gears, slats, and flaps [°1. There
has been some success in reducing the amount of airframe noise by
redesigning wings that produce lift more efficiently. These designs help in
getting the aircraft from take-off to level flight in less time when
compared to previous designs [, However, the noise level of busy
airports remains a big issue with its surrounding neighborhoods. The
relationship around noise level and how much it annoys does not have a
linear relationship Y. This means having higher frequency of noise does
not follow a linear increase in annoyance. The level of annoyance
increases at a faster rate than the rate of increase of frequency level of
noise (4, Electric aircraft motors can help with noise pollution because its
motors are quieter during flight than an airplane that uses a combustion
engine 8. During a comparison flight with two airplanes, one with an
electric motor and one with a combustion engine, the results showed a 14
decibel decrease in noise production from the electric aircraft (261,

Another environmental concern pertaining to air travel are the
effects engine emissions have on the climate. The amount of emissions put
into the air is not the only concern. It is the combination of the amount as
well as the content of the emissions that is worth investigating. The
substances that make up the emissions are hydrocarbon (HC), carbon
monoxide (CO), nitrogen oxides (NOx), sulfur dioxide (SO2), carbon
dioxide (CO), and dinitrogen monoxide (N20) ™. The main contributor
to the climate change is the combination of carbon dioxide, nitrogen
oxides, and methane gas mixing with the surrounding water vapors 111,
When these gases mix in the atmosphere behind the engines, a contrail is
created (1212131 Contrails are the cloud-like trails formed aft of the aircraft
engines (31, These contrails eventually contribute formation of cirrus
clouds which is a factor in climate change [**]. These emissions also
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contribute to the visibility in the air. Some of these gases contribute to
allergies from the air ', This leads to the next concern of air quality.

The air quality in metropolitan areas is an increasing concern
when it comes to modes of transportation because in the past these effects
were not known or regulated. Air quality is under regulation 1. This
means governmental agencies have laws and regulations in place for
airlines and aircraft designers and manufacturers to abide by. The
guidelines help designers choose which aspects of an aircraft is priority
when brainstorming designs. Although the gases are harmful to human
health in high amounts, there are measures in place to keep levels at an
acceptable amount 2. With the environmental concerns introduced and
defined, the idea of using electric aircraft as a means of an air taxi-like
system can be explored.

With the main concerns surrounding air travel briefly explained,
the concept of having electric aircraft become a common mode of
transportation will be explored next. The idea for air taxis is not a new
concept. The concept of air taxis required battery technology to reach a
level of efficient to carry the weight of passengers and be compact and
lightweight . In the past decade, advancement in batteries is projected to
meet the necessary power to make this concept a reality. It is a concept of
interest in recent years because today’s technology has been advancing
towards what the concept needs. Electric aircraft would have less noise
production and could lessen the amount of emissions contributing to the
climate. The success of electric aircraft as a common mode of
transportation can herald in a new form of travel that potentially reforms
how transportation effects the environment.

Methodology

The methods commonly used to evaluate how much effect air
travel has on the environment are based on mathematical models. First,
data needs to be collected from airports and the type of flights that are
taking place. Such data can be found in the Official Airline Guide
database [*?1. For example, are the flights short-, medium-, or long-range
flights ranging from less than 500 km to over 5000km ™21, It was found
that medium-range flights ranging from 1750km to 5000km flights are
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least wasteful per kilometer of travel 2, Table 1 has the connection
between emissions and distance traveled.

Table 1: Connection between distance to emissions during various range of flight (121,

Distance flown (km) Distance correction factor
<500 1.86
750 1.39
1250 1.18
1750 1.09
2000-5000 1.00

1.

>5000

The composition of the fuel that goes into engines are also broken down
into each type of gas and evaluated. Once the type of gases was
determined, the next thing to do is to determine the amount of each gas
emitting into the atmosphere. The data for flight distance, fuel used, load
weight during lift off and landing, and other flight performance date is
used in the following mathematical model to calculate the amount of
emissions is emitted [*21. For this model, it calculates carbon dioxide
emissions.

Vpu,\'
Ey = Ey

1000 X V,

pax -
C Woar

This mathematical model depicts emissions relative to passenger weight [12],

Ex denotes total emissions from the flight. Vpax denotes the number of
passengers. Vi denotes the amount of freight. Cw pax denotes the average
weight of passengers 2. The variables can change depending on what
data is available. Further explanation can be found in Chapter 3 of the
Aviation and Climate Change book ™2, The volume of emissions would
undergo a comparison with the radiative forcing index (RFI). This index is
defined as a unique value that is calculated for each year. This calculation
consists of taking the total radiative forcing (RF) in aviation in a given
year divided by the radiative forcing that is caused by the buildup of
carbon dioxide emissions of that same year (2. Since this ratio is
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changing every year, it has been skeptical to use this as a sole metric to the
trends of emission increase or decrease 21, With this said, the RFI is used
as a minimum value of emissions and is used with the recommendation of
renewing the RFI every year [*2. It is important to take data for the volume
of emissions in relation to per passenger because it can give a scope of
how electric aircraft can reduce emissions per passenger. Another area that
would benefit from taking data for is traffic patterns and areas of high
congestion.

To clarify, this data collection for traffic is referring to ground
traffic such as cars and other motor vehicles. It is necessary to track the
traffic trends in large cities so high traffic zones can be identified [,
Identifying these heavily traveled areas allow for strategic positioning of
hubs where small electric aircraft can board passengers and land ©. These
areas are where these air taxis would be most effective [, It is also
beneficial to understand the traffic patterns of any large airports
surrounding the area of interest as well. One company that has taken the
initiative in investing and implementing this idea of transportation is A-
cubed by Airbus Group . They have taken the next step to understanding
the impact that electric aircraft can have. They also had considered
different configurations to the aircraft designs. One example was
combining the hovering ability of helicopters with the size of a small
personal aircraft 1. This method is knowing as multidisciplinary design
optimization BI. This method of multidisciplinary design optimization
takes into consideration different types of disciplines and combines the
best method from each discipline to design the optimal solution to a given
problem [51,

Literature Review

The concept of a transitioning from traditional aircraft to electric
aircraft was conceived many decades ago. The reason why this concept is
getting picked up in recent years is due to the advancement of batteries for
electric motor vehicles [,

For an aircraft to be commercially successful, the efficiency of
operation needs to be considered. Efficiency is generally defined as
getting the most out of something with the least amount of waste. In
aviation, efficiency means getting the maximum amount of thrust to
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produce enough lift to counteract the effects of gravity and drag. In
electrical aircraft, the weight of the fuel cell in relation to the power it
produces is a major concern 8. The fuel cell is set at a specific weight that
would only take up a fraction of the weight allowable for an aircraft of a
given size . By reducing the weight of the battery, the more passenger
weight the aircraft would be able to carry. This is important because one
%‘ the factors to consider in designing the vehicle is the weight to lift ratio

Another way to affect the efficiency of an aircraft is to determine
whether to use engines or propellers and how they are arranged on your
aircraft. The designs that have mostly been explored are propellers with
the capabilities for vertical take-off and landing. Vertical take-off and
landing refers to the integration of two ideas; the vertical lift of a
helicopter and the stability of an aircraft flight [l. With this capability, the
design of pocket airports would resemble helicopter landing pads. These
pocket airports would potentially be on high platforms, possibly from
converted parking structures (4. The top level of the parking structure can
be converted for the aircraft to land as well as receive passengers. This
concept has been explored by the Airbus cubed group.

R . & ..
o :a' T O e 2 - - — ‘v

Figure 1: (left) Demonstration of the Vahana about to land at a hub above a tall building. (Right)
The aircraft landing to pick up a passenger ['71,

This is conceptualized through having each landing pad arranged like how
parking spaces for cars are arranged, only with more space in between
each one for safety measures 1. The aircraft would land on the platform
and then a ramp nestled in the landing pad will raise from the ground and
snap itself into place with the aircraft . The passenger would then load or
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unload from the aircraft. With the vertical take-off and landing ability of
this aircraft, there would be no need to have large land plots for long
runways 8. Due to this feature, the aircraft can operate in more populated
areas as Well as operate in fleets of higher concentration I,

Another way the use of electrical aircraft is beneficial is it
produces a lower noise level. The motors in electrical aircraft would
produce less noise than conventional aircraft engines B1.With lower noise
levels, public acceptance of these aircrafts and this mode of transportation
could increase. These aircrafts can be placed in high populated areas
where the accessibility to companies and business occurs. As previously
mentioned, one concern when designing electrical aircraft is the
availability of batteries that can meet the requirements needed to produce
cost efficient air taxis [,

The battery in consideration are lithium polymer batteries. The
current power that is outputted from the lithium polymer batteries is
around 200 Wh/kg, but it is estimated that 2400 Wh/Kkg is necessary for
electric aircraft ™. Another issue arises when electric aircraft flies at high
altitudes. The wires and batteries would need insulation to prevent
electricity from jumping around from conductor to conductor. With the
added insulation to fix this, the issue of weight is counteracted . The
attention to this issue is being addressed due to the rise in demand for
industry to produce high efficient batteries with less weight.

Conclusion

The main concern surrounding the increase of air traffic is still
being investigated and analyzed. Although the addition of taxi aircraft
arises concerns for some, through investigation the benefits outweigh any
potential challenges of integrating taxis into our current air travel. The
concerns of noise level, aircraft emissions, and the quality of air is
something to keep in mind during the development of electric aircraft as
an option for public transportation. However, electric aircraft would help
to minimize noise and emissions through its use of electric motors to
power the propellers. It can take years to see results, but electric aircraft
can potentially help the environment and move society into new heights.
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