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This work studied the existing infrastructure in Sdo Paulo and the project of the new
EVTOLSs under development, finding feasibility to take advantage of the facilities,
recommending that potential investors and operators in the aviation sector consider the
discussion of the necessary adaptations in the 308 helipads and heliports analyzed for the
introduction of operations. EVTOL with Brazilian authorities and manufacturers using as a guide
the FAA ENGINEERING BRIEF #105 issued September 21, 2022.

The Séo Paulo city area, considered the financial center of Brazil, has an intense
helicopter operation at existing helipads, with more than 1300 trips per day, which qualifies it as
a natural candidate to have an EVTOL operation.

We collected the current operation data from the National Civil Aviation Agency
(ANAC) and the infrastructure data from the Airspace Control Department (DECEA). This study
analyzes the current helipads infrastructure and the current helicopter operations, and with 308
helipads/heliports capable to support the operational specifications from the vehicles analyzed,
we verify that S&o Paulo has operational feasibility to support the EVTOL, it may happen
replacing the Helicopters or even increasing flights over the city with EVTOL adoption.

In parallel with the operational feasibility, we carried out a study on the impacts on the

reduction of pollutant emissions, a matter of great concern in the airline sector. We demonstrated



a very significant impact for the environment considering the replacement of helicopters by
electric aircraft, as a consequence we found a huge market for future EVTOL operators called
generation of carbon credits.

The predictions revealed that in a comparison scenario where helicopters would fly the
same average as EVTOLSs (6.5FH/Day) it is possible to generate €891.580 (European Union -

compliance market, in a prediction of ten years/per vehicle.
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Chapter |

Introduction

The objective of the study is to analyze the operational feasibility to introduce the
electrical vertical take-off and landing (EVTOL) vehicle in the city of Sdo Paulo and the
metropolitan area using the existing helipads and helicopters infrastructure.

Electric vertical take-off and landing aircraft can take off and land vertically, like a
helicopter, without the need for a runway. Unlike conventional helicopters, which rely on
internal combustion engines and mechanical transmissions to drive their large main rotors,
EVTOL aircraft typically have multiple smaller propulsion units driven by electric motors. (Elan
Head, 2021)

The focus is on aircraft with the capability to carry at least four passengers along with

one pilot for, at least, 50 kilometers.

Project Definition

The Urban Air Mobility (UAM) part of Advanced Air Mobility (AAM) is an air
transportation concept of autonomous or piloted aircraft initially designed to perform
transportation of passengers and cargo by electric vehicles capable of Vertical Take-Off and
Landing (EVTOL).

Considering that Sdo Paulo City has the biggest helicopter fleet in operation worldwide,
its become Brazil's one of the most exciting markets in the world for vehicles with vertical

takeoff and landing operations. (Verena Brahler and Solveig Florke, 2011)
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In the city of Sao Paulo, considered Brazil’s financial center, in accordance with our
research, considering the data provided by ANAC and DECEA was possible validate that there
are 400 registered helicopters, with 700 in the state. These vehicles fly over 1,300 trips per day.
This places S&o Paulo ahead of cities like New York and Tokyo. (Verena Brahler and Solveig
Florke, 2011)

Another important point for this research is that S&do Paulo is known worldwide for its
chaotic traffic. In 2014, it set a new record with a traffic jam stretching more than 344
kilometers, 214 miles, during rush hour. (Myra, 2021)

This research project explore finding an efficient and carbon cleaning solution related to
urban traffic problems in Sdo Paulo considering the introduction of EVTOL operations using the

existing infrastructure of helipads and heliports.

Problem Statement

Is Sdo Paulo City like Los Angeles shaping up to become one of the first major
battleground in the potentially lucrative air taxi market? (Tom Patterson, 2021)

Already, industry players such as Embraer and Lilium have partnered with community
leaders who are setting the table for electric vertical takeoff and landing (EVTOL) aircraft. And
while it’s not the only city on the run, experts say Sao Paulo like Los Angeles is ideally
positioned to be the proving ground for what could be a trillion-dollar industry by 2040. (Tom
Patterson, 2021)

Initial air taxi routes could connect Guarulhos and Congonhas airports with smaller
airports like Campo de Marte near the center of S&o Paulo city. Eventually, they could include

established heliports and helipads, and then, ultimately, to lead to newly constructed vertiports.
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Here is a great contribution of this study to the EVTOL Market, we analyze the existing
infrastructure of heliports, and helipads in S&o Paulo City and define de possible routes between
them, with that, it is possible to estimate the EVTOL operations, define which one can be
operated in which routes, in this way concluding it is feasible or not introduce the EVTOL
operation in S&o Paulo City.

The EVTOL has the potential to transform the way of transportation for people in urban
regions that are clogged with traffic jams like Sdo Paulo. Some models of this vehicle also
provide technical specifications that will enable short trips between cities and/or regional trips of
equivalent distances.

To address the problem identified for this research project we plan to survey the available
EVTOL projects that:

e Can carry at least four passengers by 50 kilometers.

e Have more than 100 orders.

e Are funded with a minimum $ 100 million dollars.

e Provide aircraft specifications like passenger capacity, range, payload, maximum take-off

weight and landing size limitations.

In addition, we plan to assess current helipads available at S&o Paulo City for take-off and
landing and their operations limitations, and then compare the information about those helipads
with the selected EVTOL projects specifications.

This research project evaluates the criteria described above regarding the current EVTOL
models available in the market and after that was selected five models that can operate in Sdo
Paulo City in the existing infrastructure. To do our analyses comparing the service of the

EVTOLs in Sdo Paulo with the actual Helicopter operations, we also collect the number of hours
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that helicopters are flown per year in S&o Paulo City to predict hypothetical scenarios of EVTOL
operations. The idea related to this study is to demonstrate the operational opportunities in the
market for EVTOL and the benefits it can bring for companies and customers, so, we do not
expect in the short period that this operation will replace the helicopters, but it will create new

demands.

Goals and Scope

Our research focuses on identifying how many helipads and heliports exist in S&o Paulo
Cite with infrastructure capable of supporting the EVTOL operational specifications related to
the five selected EVTOL models of this research.

We calculate the routes between each defined helipad or heliport and after that was define
the percentage of routes that each EVTOL can attend considering the technical specifications
provided by each EVTOL manufacturer. The same calculation is done for helicopters to obtain a
comparison between these kinds of vehicles. The database from DECEA, the Brazilian Air
Traffic Authority, with the airports, heliports and helipads currently installed in the region with
size and weight limitations is used as source to correlating with the design of existing and
proposed aircraft.

In terms of cost, we compare the acquisition cost of each kind of EVTOL selected with
an equivalent helicopter to define the better option in terms of benefit-cost, it may be very
important to understand the attractiveness that each kind of vehicle can bring for future demand.

Sustainability is another factor to influence public acceptance in a city like Sao Paulo.
Compared to conventionally powered aircraft, EVTOL reduce or eliminate CO2 emissions, an

essential fact for integrating future transportation systems, we expect to demonstrate the impact
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on the environment related to a hypothetical scenario of EVTOL operation and the benefits
related to the avoided CO- emissions that these kind operations can bring for companies and as

consequence for environment.

Contributions Expected

The EVTOL is a potentially transformative industry. The promise of this new urban air
mobility (UAM) yet hinges on some new technologies, processes, certifications, infrastructure,
and regulations to be implemented in the areas to be operated by them. Also, another important
point to be considered is public acceptance requirements are a challenge, the reason is quite
simple, safety. Before becoming a reality in the market, the EVTOL manufacturers together with
the local authorities need to prove to the people that this new concept of aircraft is safe for those
that are flying as well as for those on the ground. Many of which have yet to be clearly defined.
(Elan Head, 2021)

In this study, we look to demonstrate the opportunities that Sdo Paulo City brings for this
new kind of aircraft considering the existent helipads and heliport infrastructure, and also
demonstrate for those who may be interested, the cost-benefit relationship of acquiring an
EVTOL versus an equivalent helicopter considering the carbon credit generation. The
sustainability and traffic alleviation for big cities is a main drive for introduce the EVTOL
operations, it is directly linked with or resource that intend demonstrate the results related the
CO:2 emissions avoid removing cars from the chaotic traffic from S&o Paulo by using EVTOLSs.

The into-service consolidation and the future of EVTOL aircraft will be enabled by rapid

advancements in next-generation electric motors, and computing technology but mainly by a
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new design of batteries that could bring different levels of safety, longer ranges, and new
performance parameters for this vehicle.

Uber Elevate estimated that a fully electric air taxis would have near-term operating costs
of around $ 700 per hour, at least 35 percent less than a comparably utilized single-engine
helicopter. (Elan Head, 2019)

When combined with ridesharing APPs that will allow passengers to book flights by seat,
the EVTOL can become an affordable form of transportation for many more people than
compared with helicopters today. Their low operating costs promised also can make them
attractive for some other missions currently being performed by helicopters, such as organ
transport, service hyper-relevant for society.

In conclusion, our expectation is to provide for the reader, data that demonstrate how
feasible operationally and economically may be operating the EVTOL in Sdo Paulo City and in
the same way how important it can be for the local environment. Once providing this clear
perception related to the EVTOL operation, we also hope that this study can contribute to other

researchers around the world.

Definitions of Terms

ANAC - The Agency is responsible for the regulation, inspection and certification of aircraft,
companies, manufacturers, aircraft maintenance organizations, aerodromes, schools and civil
aviation professionals. The government agency works to ensure civil aviation safety and security
and to improve the quality of services, fostering a competitive market.

DECEA — The Department of Airspace Control (DECEA) is responsible for the management of

all the activities related to the safety and efficiency of the Brazilian airspace control. Its mission
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is to manage and control the air traffic in the Brazilian sovereign airspace as well as to guarantee
its defense.

EASA - Agency of the European Union with primary responsibility for Civil Aviation Safety
carries out certification, regulation, and standardization, performs investigation and monitoring.
FAA — The Agency issues and enforces regulations covering manufacturing, operating, and
maintaining aircraft, certifies airmen and airports that serve air carriers, conducts research on and
develops systems and procedures needed for a safe and efficient system of air navigation and air

traffic control.

List of Acronyms

AAM - Advanced Air Mobility

ANAC - Agéncia Nacional de Aviacéo Civil

DECEA -Departamento de Controle do Espaco Aéreo
EASA - European Union Aviation Safety Agency
ECTOL - Electric Conventional Take Off and Landing
ESTOL - Electric Short Take Off and Landing
EVTOL - Electric Vertical Take Off and Landing
FAA - Federal Aviation Administration

GAMA - General Aviation Manufacturers Association
SAE - International Society of Automotive Engineers
UAM - Urban Air Mobility

VFES - Vertical Flight Society
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Chapter 11
Review of Relevant Literature
Introduction
This research is being developed using material, information and concepts of a future
transportation environment that is in development in many parts of world. After exploring other
alternatives for the present opportunities, challenges, and risks of this new form of transportation,
we choose to make our research analyzing the ecosystem of the Sdo Paulo City.
The reason for choosing Sao Paulo City is that the largest operation number of
helicopters worldwide is concentrated in S&o Paulo, and certainly, a study that demonstrates the
operational feasibility of EVTOLS in this city can bring important information to the aviation

industry worldwide.

A New Paradigm

For many years, we have dreamed about the possibility of take out of the garage a vehicle
that could not only run, but also fly around, like the old fiction of Jetson’s series. We finally
appear that we are having the real opportunity for this old dream to become a reality through the
introduction of a new transport modal called EVTOL. Considering that this new and advanced
transport model is heavily dependent of new technologies in the areas of structures, electric
engines, electronic controls and new automated and autonomous navigation systems, some
information’s are still classified as being intellectual property of the companies that are
developing the new devices. Will be interesting to see how the public will react to this new way
of transportation, even the ones that will not use it, for example, the ones that have flying fear,

but will see that strange aircraft flying over its head and knowing that there is people inside.
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Advanced Air Mobility Ecosystem
This new Advanced Air Mobility industry can be divide it in 6 parts to have an individual
view and perspectives of the ecosystem as follows:
1. Aircraft EVTOL vehicles.
2. Regulatory.
3. Airspace.
4. Infrastructure.
5. Rise of Vertiport.

6. Public Acceptance.

1. Aircraft EVTOL vehicles

Considering that actually we can find a long and numerous list of proponents for this new
market it is reasonable to understating that not all of them will succeed. Considering the main
categories of EVTOLSs analyzed in this study, was possible identify the follows different models
and architecture:

The simplest are wingless multicopter, these models appear like a big and oversized
drone. The other ones are lift-plus-cruise models that use one or more thrusters’ propellers for
cruise and separate thrusters for vertical lift.

The most complex models are the vectored thrust, that use the same thrusters for both lift
and cruise, the complexity of this architecture is that is needed change the orientation of the
thrusters in flight. It is very important at this moment to really understand the different types of
architectures used in these new models because they are tailored for the specific use and

application that is envisioned for each model. What we are talking here is that some models
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appear to be simple, others appears to be of medium complexity and others appears to be very

complex models.

2. Regulatory

The time when EVTOL aircraft will actually take to the skies for commercial operations
is now yet not clear, because not even the regulations are established, the most manufactures and
Airline operator that are ordered EVTOLSs around the world have been talking about start
operations test between 2024 to 2025. Different regulatory approaches may determine where
urban air mobility operations launch first. Embraer revealed it had formalized the process for
obtaining a type certificate for its EVTOL aircraft with the Civil Aviation Agency of Brazil
(ANAC). For these operations become a reality, first communities will want assurances that
noise from urban flights is acceptable (Vascik and Hansman, 2017b). Regulators and air
navigation service providers (ANSPs) will require that flights remain safe, orderly, and efficient,
while minimizing impact on airline and air traffic management (ATM) (International Civil
Aviation Organization (ICAO, 2016). Operators of small drones will want access to low-altitude
airspace, while fleet operators will need equitable access to urban corridors. General aviation
(GA) pilots of fixed-wing aircraft and helicopters will want to fly above urban areas with the
freedom they enjoy currently. The urban airspace needs to accommodate the needs of all these
stakeholders (Embraer X, 2019).

At an interview Roberto Honorato, ANAC’s airworthiness superintendent explains its
significance, “It is an important moment that demonstrates the company’s commitment to
exploring the future of urban air mobility.

Before start operations, the process aims to achieve the best safety standards to allow

EVTOL access to global market. From the regulation perspective, there is much work to be done
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concerning aircraft technology and the definition of the entire ecosystem. Brazil has the
conditions and engagement to deal with this challenge.” (Mike Stones, 2022)

Currently, the FAA has no clear timeline or direction on when it will finalize a permanent
certification process for EVTOL. But there are many USA government efforts to accelerate this
process. On August 3, 2022, the US Air Force signed the cover letter for a Department of the Air
Force “Report to Congressional Committees” on this report details the overview, approach,
milestones, and future plans for the AFWERX Agility Prime program (Vertical Flight Society,
Sep, 2022). This new approach is accelerating and adopting dual-use technologies in the
Department of the Air Force, specifically for the transformative vertical lift and electric Vertical
Takeoff and Landing (EVTOL) industry. The committee recognizes that the U.S. Air Force’s
Agility Prime program is working towards its goal of ensuring a robust domestic market for
electric vertical takeoff and landing (EVTOL) aircraft, as well as introducing the Department of

Defense to zero emissions aviation (Vertical Flight Society, Sep, 2022).

3. Airspace

One of the big problems to be solved related to EVTOL operations is the safety and
reliability of the flight. The point is how to manage the low airspace that is the space that this
new vehicle is designed to use, considering that in the future autonomous operations are
envisioned, the number of EVTOLSs ordered by Airlines and other companies worldwide have
been demonstrate how big could be this market, and for Brazilian market its not different, the
information’s retrieved from the EVTOL manufacturers website and from Brazilian Airlines
demonstrate huge number of aircraft to be introduced in the low airspace in the next decade, will
be hundreds of EVTOL aircraft sharing the same narrow defined low airspace over the cities, and

Sao Paulo should be the first one.
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Automated traffic management systems that facilitate a high number of aircraft sharing
urban skyways will require significant public and private investment, commitment and
collaboration. Looking at S&o Paulo City low airspace environment, already crowded by a huge
number of helicopters operations, the regulation of this for the operation of the EVTOL together
with helicopters will be very tough and challenge situation. The White Paper Flight Plan 2030
(Embraer X) describes an urban air traffic management (UATM) solution that will enable the
UAM industry to evolve to a future where EVTOL flights are a mainstream mode of
transportation. Embraer X believes that an urban traffic management solution must provide
shared situation awareness for all stakeholders, enable equitable airspace access, minimize risk,

optimize airspace use, and provide flexible and adaptable airspace structures.

4. Infrastructure

Flight Plan 2030 presents a concept for the design and management of low-altitude urban
airspace that will allow UAM to evolve over the next decade (Embraer X, 2019), UAM
infrastructure requirements and customer demands provide an opportunity to build new
businesses and create new jobs. The development of sky ports, or vertiports, across a wide
metropolitan area will be critical to the growth of the UAM industry; the number and location of
TOL pads will drive the number of UAM flights that a city can accommodate. Sky port operators
will provide EVTOL fleets with battery swap or recharging services and deliver transit services
to UAM passengers. Fleet operators will be responsible for managing fleets of EVTOLS that fly
across cities. They will also interact with Sky port operators and booking platforms that receive
requests for passenger rides or cargo movements. If necessary, fleet operators will assign a pilot

to operate a flight. These are but a few of the new opportunities that will be enabled by the
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growth of a UAM industry (Embraer X, 2019). Many stakeholders are looking at the adequate
infrastructure that will be needed to extract all the benefits that are being expect from the
EVTOL use in a big city like So Paulo.
Our research is focused on defining the operational feasibility of the EVTOL operation in Sdo
Paulo City using the already existing infrastructure that the helicopters use today, so this is a way
that it can happen without too much investment, maybe only improvements.

In the future is envisioned specific and tailored infrastructure to take all the advantages

the EVTOL can bring to a city like Sdo Paulo.

5. Rise of the Vertiport

The Vertiport will be a special infrastructure designed to better handle the EVTOL
operations with all the facilities and amenities to optimize the customer experience.

According to Chapman Taylor upon introduction, the service will focus on a route from
the airport to city destinations, using the many rooftop landing opportunities that already exist in
Sédo Paulo along with adaptable potential sites, such as multi-level car park structures. In time,
the hub base will be augmented by the connection of these point to point locations, supporting a

wider city connection.

6. Public Acceptance
Other UAM proponents talk about democratizing aviation, where the cost of taking an
electric aircraft from downtown locations to the local airport costs an amount similar to ground

transportation.
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According to the Chapman Taylor studies the flight from Campo de Marte in northern
Sé&o Paulo to Guarulhos International Airport can take as little as 10 minutes, costing around 211
reais ($63), plus 30 reais ($9) for the car ride from house to helipad, or about twice what the trip
would have cost by cab alone. The same trip in a cab, however, could take an hour, or even two,
in rush hour traffic.

While this might ultimately be the case, it is more likely that package delivery will be the
initial way in which the vast majority of people are able to benefit from the urbanization of
aviation. As is widely accepted many cite noise as the main reason why helicopter flights have
been driven out of urban settings over the recent decades, and recent registered tests with

EVTOL, under NASA control, clearly demonstrated they will be quieter.

Conclusion

The building and introduction of the Advanced Air Mobility Ecosystem, the concept that
includes Urban Air Mobility have been worked around the world by the private sector together
with the local authorities, but due to the challenges related to the definitions and roles for low
airspace operations, certifications and regulatory issues and also infrastructure and technological
problems that will involve the number of vertiports and helipads available to make operations
really viable, until know, there is no any country that has confirmed a target that the first EVTOL
and AAM/UAM ecosystem will be implemented and certified. USA government programs like
the AFWERX Agility Prime, a program office at the Air Force Research Laboratory (AFRL), that
connects innovators across government, industry and academia has defined Key Milestones for
2023 that will accelerate the EVTOL test phases (Vertical Flight Society, Sep, 2022). Also in 2021,

Embraer and BAE Systems unveiled plans to collaborate on the development of EVTOL as a
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potential defense variant. This agreement reinforces the confidence of leading aerospace
organizations in these vehicles and its adaptability for purposes other than urban air mobility.
Actions to regulate this type of transport also already are being developed in Europe (Bae Systems
Jul 2022).

EASA (European Union Aviation Safety Agency), for example, has already published
rules for the operation of EVTOLS in cities on the Old Continent (EASA Jun,2022). The measure
is the first regulatory action for this type of transport. According to EASA, the goal is to develop
“a new urban air mobility ecosystem” to safely integrate certified aircraft. By the end of
September, the regulations, which cover the areas of airworthiness, crew licensing, and air
operations, will be available for public consultation.

We understand that the challenge is significant, in the next phase of the aerospace
infrastructure development, aimed at creating an entirely new system of passenger and cargo
transportation, the urban air traffic management (UATM) solution that will enable the UAM
industry to evolve to a future where EVTOL flights are a mainstream mode of transportation is the
main challenge as it depends on a paradigm shift that will involve a complete change in the
operational rules of low airspace, a region where the airspace will be shared between drones,
regular and business aviation, helicopters, and EVTOLSs (Embraer X, 2019). The market guide for
this scenario is the Flight Plan 2030, a document in which EVTOL manufacturers and stakeholders
disclose their action and development plans regarding the effective implementation of the

operating ecosystem involving EVTOLSs.
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Chapter 111
Methodology
Data Source FALA.BR

In Brazil, the Federal Law 12527, of November 18, 2011, regulates the access to
information provided by the government. This law allows any Brazilian citizen to request
information about the judicial, legislative, and executive branches, in all spheres of government,
federal, state, and municipal. The general rule is to grant access, but it is possible to restrict
access provided there is a legal justification.

In the case of the Federal Government, one of the instruments used to gain access to
information is the website https://falabr.cgu.gov.br/, known simply as FALA.BR. At this address,
it is possible to request information that is under the control of the federal government, and such
requests have a protocol number and control of responses. This tool has been used in this work to

get the data needed if it was not already available via some government website.

Geographical Area

This study covers the area of the Sdo Paulo metropolitan region (figure 01), that covers,
in addition to the city of Sdo Paulo, the cities defined by State Law No. 1139 of June 16, 2011
(Law, 2011), composed of 38 municipalities, as follows:

I - North: Caieiras, Cajamar, Francisco Morato, Franco da Rocha and Mairipora;

Il - East: Arujd, Biritiba-Mirim, Ferraz de Vasconcelos, Guararema, Guarulhos,

Itaquaquecetuba, Mogi das Cruzes, Po4, Salesopolis, Santa Isabel and Suzano;

I11 - Southeast: Diadema, Maud, Ribeirdo Pires, Rio Grande da Serra, Santo André, Sdo

Bernardo do Campo, and S&o Caetano do Sul;
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IV - Southwest: Cotia, Embu, Embu-Guagcu, Itapecerica da Serra, Juquitiba, Sdo
Lourenco da Serra, Tabodo da Serra, and VVargem Grande Paulista;
V - West: Barueri, Carapicuiba, Itapevi, Jandira, Osasco, Pirapora do Bom Jesus and

Santana de Parnaiba.

Pirapora do Bom Jesu

Santana de Parnai . .
Pod Hogices e
Ita y, ‘Cruzes Salesdpplis
: do Sul 1Zano o
Vargem Grande Pauli

Figure 01 — Cities that are part of the S&o Paulo Metropolitan Area.

Helipads
The data on helipads are registered with the Departamento de Controle de Espaco Aéreo
(DECEA). This is an agency subordinated to the Brazilian Air Force, which is part of the Federal

Government. The website https://aisweb.decea.mil.br/ has public information about the helipads

open to the public and based on this information we collected the names, cities, coordinates,
dimensions in meters, and maximum capacity in metric tons. For Sdo Paulo State there are 609

Helipas, and for the metropolitan area, there are 308 Helipads.


https://aisweb.decea.mil.br/
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To calculate the distances between the helipads an estimation of the differences between
latitudes and longitudes was used. For simplicity we took as reference the Sé Cathedral (Catedral
da Sé, in Portuguese), which is in the center of the city of Sdo Paulo, at the coordinates 23.551S
and 45.634W, and calculated the distance in km between two points, one with 0.5 degrees below

and the other with 0.5 degrees above, using the site https://www.nhc.noaa.gov/gccalc.shtml.

Obtaining the values shown in Table 01.
Table 01

Distance using latitude and longitude

Point 1 Point 2

Difference Distance
Latitude Longitude Latitude Longitude
23.051S 45.634W 24.051S 45.634W 01° Latitude 111 km
23.551S 45.134W 23.551S 46.134W 01° Longitude 102 km

The number of available routes between two helipads is calculated using the combination

formula:

n!
" 2x(n-2)!

R
With 308 helipads, n = 308, and R = 47278 possible routes between the Helipads in the
Metropolitan Area.

To calculating the distances in kilometers for each route the formula below has been used

Dyp = \/ ((LatA — LatB) x 111)° + ((LongA — LongB) x 102)"


https://www.nhc.noaa.gov/gccalc.shtml
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To calculate the values a Microsoft Excel Spreadsheet using Power Query data
transformation tool was used.
The histogram below illustrate the distribution about the number of the possible routes

per 5 km distance interval, and 80% of the routes are below 28.5 km.

Routes at Metropolitan Area
100%

45000
90%
40000
80%
35000
70%

30000
60%

25000
50%

20000 20%

15000 30%

10000 20%

5000 10%

0%

Distance (km)

Figure 02 — Distribution of possible routes at metropolitan area at intervals of 5 km.

Note: as an acceptable simplification the routes calculated here does not avoid restricted
airspace for Congonhar Airport (CGH) and does not follow the corridors established in Séo

Paulo City for Helicopter by DECEA.
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Electric Vertical Takeoff and Landing (EVTOL)

The EVTOL models that meet this study’s criteria were surveyed using published data
from open capital companies as relevant facts in the Investors Relations Area. The technical
specifications are those that has been published by the manufacturer over its own website.

Map of S&o Paulo City and Metropolitan Area used in this study of operational feasibility of

EVTOL Operations.
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Figure 03 — Distribution of possible routes at metropolitan area at intervals of 50 km.



Table 02

EVTOL Specifications

MODEL RANGE (nm) DIMENSION (m) WEIGHT (tonnes)
JOBY 54 150 10,7 1,815

Eve 60 15,2 1,000

Archer 60 12,2 3,175

VX4 161 15 3,175

Lilium 155 13,9 3,175

The estimated cost of acquisition for each EVTOL is

JOBY S4. .o USS$ 1.3 MM

BV o USS$ 3.0 MM

ATChET. .o US$ 5.0 MM

VXD oo US$ 4.0 MM

Lilium. .o USS$ 4.5 MM
Helicopters

The source to identify the helicopters were those data published in August 2022 by the
Brazilian Civil Aviation National Authority (Agéncia Nacional de Aviagdo Civil, or ANAC, in

Portuguese) at its website https://www.gov.br/anac/pt-br/sistemas/rab/relatorios-estatisticos.

As described in International Civil Aviation Organization (ICAO) Doc 8643, the first

character of the aircraft type means:


https://www.gov.br/anac/pt-br/sistemas/rab/relatorios-estatisticos
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L landplane

S seaplane

A amphibian

H helicopter

G gyrocopter

T tilt-wing aircraft

So, as a first filter, the column CD_CLS was used and filtered only lines in that column
starting with H to select only Helicopters. To avoid bringing to the analysis aircraft that are no
longer in the country, or that have been disassembled, it was used as a second filter the column
CD_INTERDICAO, in which removed the aircraft with class M, which means canceled
registration, and the option R, which means registration number reservation, as described in
Annex 1.

As a third filter was used the column UF_OPERATOR, which filtered only aircraft with
operators registered in the state of Sao Paulo. With these first 3 filters, it was obtained the value
of 595 helicopters registered in the state of Sdo Paulo.

As the database provided by ANAC does not contain the information about the city, we
consulted the website of the Brazilian Government,

https://servicos.receita.fazenda.qgov.br/servicos/cnpjreva/cnpjreva solicitacao.asp, where it is

possible to check the data for the company that is operating the helicopter, creating a new
column with the city of each operator. It was observed that 112 helicopter operators are
individuals, so it is not possible to identify the city.

Filtering the data only with the cities that are part of the Metropolitan Area, 371

helicopters were identified to be operating by companies established in these cities.


https://servicos.receita.fazenda.gov.br/servicos/cnpjreva/cnpjreva_solicitacao.asp

The main manufacturers were Airbus, Robinson, Leonard and Bell.

SCHWEIZER; 2

SIKORSKY; 5

BELL; 56

AIRBUS; 126

LEONARDO; 77

ROBINSON; 103

Figure 04 — Number of helicopters registered at Sdo Paulo Metropolitan Area by manufacture.

To simplify the analysis several models and variants were grouped as described below.
Table 03

Helicopter Models Grouped
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DS MODELO MODEL DS_MODELO MODEL DS_MODELO MODEL

206B 206 Al19 AW119 EC 135T1 H135
206L-3 206 AS 350 B2 AS350 EC 135T2+ H135
206L-4 206 AS 350 B3 AS350 EC 155 B1 H155

269C-1 269 AS 350 BA AS350 EC225LP H225
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H135

H160

AS350

R22

R22

R22

R44

R44

R66

S-76A

S-76C

With the models grouped were possible to better organize the models as shown in figure

05.

Figure 05 — Models of the helicopters registered at Sdo Paulo Metropolitan Area
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In a further analysis, all helicopter without a valid airworthiness certificate were removed
from the list by selecting in the field CD_INTERDICAOQ, only those with N, which means
normal situation (Annex 01). The total number of airworthy helicopters were 268 helicopters.

SIKORSKY; 2

BELL; 48

AIRBUS; 99

ROBINSON; 52

LEONARDO; 67

Figure 06 — Number of helicopters with a valid airworthiness certificate registered at Sdo Paulo

Metropolitan Area by manufacture.
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Y O 9 D
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Figure 07 — Models of the helicopters with a valid airworthiness certificate registered at Sdo

Paulo Metropolitan Area

With the data gathered, the Leonardo AW109, Airbus Helicopter AS350, Robinson R44,
Bell 429 and Robinson R22 were selected as comparison case for EVTOLSs.

The center of the city of Sdo Paulo is at 780m sea level (Topographic, 2022), or 2560 ft.
The average daily temperature in Sdo Paulo is 22.5°C (Climate, 2022). In the manufacturers'
data, there are several graphs to find the speed and fuel consumption, and the one that came
closest to the altitude and temperature conditions of the city of Sdo Paulo was chosen. The
recommended cruise speed was used, and where this option was not available the maximum
endurance was used. The helicopter was considered in the maximum weight.

As long as the helicopter cannot be refueled in the vast majority of the Helipads, the

range was divided by two to count for a return to refill and the results are shown in the Table 04.
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Table 04

Helicopters specifications

MODEL RANGE (nm) DIMENSION (m) MTOW (tonnes) ' COMSUMPTION

(kg/hour)
R22 105 8,8 0,621 25
R44 135 11,7 1,134 47
AS350 180 12,9 2,37 136
429 206 13,1 3,402 188
AW109 228 13,0 2,85 176

The Helivalue website (https://www.helivalues.com/) was visited on Sep, 28" 2022, to

compare costs for acquisition of a new helicopter, with the current variant of the model available,

and presented the values below:

o R22Betall........ccoovviiiiiiiiiiiiiiiiin, USS$ 325,000
o R44RavenIl........oovviviiiiiiiiiiiiiiniin.. US$ 500,000
o Airbus AS350B3e.......ciiiiiiiiiiii USS$ 2,400,000
e AWI09SP Grand New..........cccceervrrrennnne. US$ 5,900,000
o Bell 429.......ccooiieiiccccceeeee s US$ 6,855,000

Comparison between EVTOL and Helicopter

To use one of the 47278 possible routes the vehicle should have a range equal or larger
than the distance between the two helipads.

As explained before, in this study the range was considered half of the real range for
helicopters. For the EVTOLSs all range was considered, as long as, will be easier to recharge an
electric vehicle than a liquid fuel vehicle. This is a assumption that may change when more

information is available about this subject.


https://www.helivalues.com/
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Beside the range the weight of the vehicle cannot be above any of the helipads maximum
weight and the bigger dimension of the vehicle cannot be bigger that the smaller dimension of any

of the two helipads.

Table 05

Percentage of routes achievable for each vehicle

Helicopters EVTOLs

R22 R44  AS350 AWI109 429 S4 Eve Vx4 Lilium  Archer

100%  99% 97% 97% 65% 99% 97% 65% 65% 64%

Helicopter Flight Hours

For the estimates on helicopter flying hours in Sdo Paulo, we used as a data source the
Airworthiness Verification, which is a mandatory annual task for all helicopters registered in
Brazil. If this task is not performed, the aircraft automatically loses its airworthiness status
(RBAC 91, 2021).

When the helicopter operator or the responsible Workshop, performs such a check, they
need to fill out an online registration on the website of the National Agency of Civil Aviation
(ANAC).

FALA.BR was used to officially request the hours registered in the years 2018, 2019,
2020, 2021, and 2022 for all helicopters registered in the city of Sdo Paulo. This information can

be found in Annex 2. After organizing the data was obtained the values in Table 5.



Table 06

Flight Hour between years

Interval of Years

He#;ggter 201812019 2019112020 2020112021 Average /Year
H1P 21557,62 13834,08 10621,2 15338
H1T 25456,01 22885,99 21386,17 23243
H2T 1720754 17232,54 18811,61 17751

Table 07

Helicopter Fuel burned in S&o Paulo Last 3 Years

Helicopter ~ Average flight ~ Fuel consumption Fuel (tonnes)

Type hours per year (kg/hour)

H1P 15338 36 (1) 552
H1T 23243 126 (2) 2929
H2T 17751 172 (3) 3053

Notes: (1) average between R22 and R44 fuel consumption (2) AS350 Fuel Consumption (2)

average between AW109 and 429 fuel consumption

37
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Carbon Emissions

To do the calculation of how much carbon emissions can be avoided using the EVTOL
operations, was necessary do the calculation related the amount of fuel burned by an equivalent
helicopter when compared with the EVTOL model selected for this study, using the same leg
with the standardized load and number of passengers. The equation to do CO2 emissions
calculation was designed using the standards from IATA RECOMMENDED PRACTICE -RP
1726 that provide the methodology to develop a Carbon Emissions Calculator.

Due to the kind of aircraft used and the parametrization defined to do the calculations

related this study, we abbreviated the standard equation below:

CO- per pax = 3.16 * (total fuel * pax-to-freight factor)/(number of y-seats * pax load

factor)

For:

o, = Z M; X FCF;

As defined in the Methodology ICAO Carbon Calculator_v11-2018, to converting fuel
mass to per passenger CO2 emissions Fuel burn per passenger is multiplied by a CO2 emissions
factor of 3.16. In this case, also is necessary converting volume to mass using density values.

If the amount of fuel used is determined in units of volume (e.qg., liters), must convert this

volume to mass by using either of the two options consistently when applying to fuel data:
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Option 1: Adjusted Density Value - adjusted density means density expressed as kg/liter
and determined for the applicable temperature or region for a specific measurement. Option 2:
Standard Density Value - a standard density value of 0.8 kg/litre must be applied.

In our study we choose use the Option 2, the standard density value of 0.8 kg/litre for Jet
A/ALl and 0.72 kg/litre for aviation gasoline.

Where:

CO2=CO0O; Emissions (in tons);

Ms = Mass of fuel used (in tons)

FCF+= Fuel conversion factor, equal 3.16 (kg CO2/kg fuel).
Table 08

CO2 emission yearly by Helicopter in Sdo Paulo Last 3 Years

Helicopter CO2 Emissions
Type Fuel (tonnes) FCFt (tonnes)
H1P 552 3,16 1,744
H1T 2,929 3,16 9,256
H2T 3,053 3,16 9,647

Total CO2
Emissions per year 20,647
(tonnes)

Carbon Credit

As established by CORSA, and adopted in the Carbon marketplace, 1 CO2> TON is equal
to 1 Carbon Credit.
As the main benefit for environment considering the EVTOL operations is the “ZERO”

CO2 emissions, we can assume that a company that operate EVTOL will be available to
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generated Carbon Credit. As defined by Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA), the global roles related to neutralize emissions bring the
obligations for companies create the carbon offsetting programs, and as consequence the carbon
markets turn CO2 emissions into a commodity by giving it a price. So, currently it become a big
industry and the companies can save or make money with that.

Using the historical flight hours data collected from the DECEA related to the helicopters
in operating in Sdo Paulo City, and applying this simplified equation, was possible establish the
amount of fuel burn by helicopters in the routes between helipads and heliports defined in this
study. Also, with these data was possibly create a hypothetical scenario to predict the equivalent
CO- issued amount maybe avoid using the EVTOL steady of helicopter in the S&o Paulo
Atmosphere. Once defined the number of flight hours to be operated by EVTOL in place of the
helicopter, is possible found the number of fuel burned to avoided, applying the equation CO2=X
Ms* FCF+ we found the total o CO2 emission avoided.

Applying the equation below it is possible to found out the Generated Value (Gv) by the
CO2 emissions avoided.

Gv=CO2*Cv

Where:

Gv = Total amount in USD selling the carbon credits
CO2 = Total amount of CO2 Emissions amount (in tonnes)

C v = Carbon Credit Value

In accordance with the information’s available in the specialized websites like (carbon

credits.com), there are two ways to sale of carbon credits within the carbon marketplace:



1. Regulated market - set by “cap-and-trade” regulations at the regional and state
levels.
2. Voluntary market - where businesses and individuals buy credits (of their own

accord) to offset their carbon emissions.

CarbonCredits.com Live Carbon Prices YTD
Compliance Markets -

European Union

]
N
California _
Australia (AUD) -
New Zealand (NZD) -
South Korea -
]
E
[Fls |
]

Voluntary Markets

Aviation Industry Offset $3.96

Nature Based Offset $8.18
Tech Based Offset $1.96

Figure 08 — Carbon Credit Value by market (Source: carboncredit.com)

Table 09

Possible Carbon Credit VValue Generated by replacing Helicopter for EVTOL in S&o Paulo

Market Fuel (tonnes) Price Value
Compliance European Union 20,647 66.25
€1,367,864
Compliance Australia 20,647 30.75
USS$ 634,895
Coluntary Aviation 20,647 3.96

Industry Offset USS 81,762
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Chapter 1V
Conclusions

In this chapter our focus in on describe our four prime conclusions related this research.
Each conclusion will provide the literature analysis, data gathering methods, and results related
to the operational feasibility of electrical vertical take-off and landing aircraft (EVTOL)
operation in Sdo Paulo City and other benefits identified during the study. Our conclusions
include the results generated by the implementation of the EVTOL operations. An important
result founded in this research is related to sustainability, the reductions related to CO2 emissions
and the benefits for companies considering the carbon credit is a point to be considered on the
evaluations related to the implementations of the operate EVTOL.

Considering the commitment assumed by 195 countries on December 12, 2015, during
COP 21 (21st United Nations Conference on Climate Change), the Paris Agreement, with a goal
of reducing the emission of greenhouse gases, the EVTOL utilization bring a big opportunity for
help in this globally transformation. In this sense, the main goals of the Brazilian government
established in that agreement were the reduction of greenhouse gas emissions in 37% by 2025
when compared with 2005 rates, and 43% until 2030. The results of this study related to the
numbers of CO, emissions also demonstrate that the introduction of EVTOL at S&o Paulo can
contribute to the CO> emissions reduction goals of the country, and also can provide financial
results to the companies considering the Carbon credit generation.

This study generated valuable data for currently aviation scenario considering the
EVTOL utilization at S&o Paulo city and we will present the four main conclusion points raised

as follows:
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> The current infrastructure of helipads and heliports from S&o Paulo City is capable
of supporting the operational specifications of EVTOL vehicles analyzed in this
research.
> Financial results related to Carbon Credit generated by EVTOL operations
> Relationship between the Helicopter and an equivalent EVTOL (Cost Benefit
Analysis).
> The EVTOL utilization can bring traffic congestion alleviation for Sdo Paulo City
e First Conclusion: The current infrastructure of helipads and heliports from Sao
Paulo City is capable of supporting the operational specifications of EVTOL

vehicles analyzed in this research.

e Data Gatheriny: The data source used to identify the number of helipads was the

website https://aisweb.decea.mil.br and the data used for identify the number of helicopters

in the metropolitan area of Sdo Paulo City was taken from ANAC website in August

2022 at https://www.gov.br/anac/pt-br/sistemas/rab/relatorios-estatisticos.

e Results: The analysis demonstrated that the metropolitan area of S&o Paulo City has a
total of 371 helicopters registered and just 268 in airworthy conditions, in the moment of
this analysis. Also, we confirmed that exist 308 helipads in the same area with
infrastructure to support the EVTOL operational specifications relative to five EVTOLS
selected in this study. This number of helipads create a scenario with 47278 possible
routes between them.

e Conclusion: The current infrastructure of helipads and heliports from Séo Paulo City is

capable of supporting the operational specifications of EVTOL vehicles analyzed in this


https://aisweb.decea.mil.br/
https://www.gov.br/anac/pt-br/sistemas/rab/relatorios-estatisticos
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research, the technical specifications and limitations analysis of each vehicle and helipad
demonstrate that the EVTOL operations can cover in 64% to 99% of the possible routes

currently operate by similar Helicopters.

Second Conclusion: Financial results related to Carbon Credit generated by

EVTOL operations.

Data Gathering: The number of flight hours operated by helicopters was request to
ANAC using the FALA.BR portal. We used these values to estimate our calculations by
the standards from IATA RECOMMENDED PRACTICE -RP 1726. The information’s
related to the carbon credit value was retrieve from the specialized website

carboncredits.com.

Results: The five helicopter models selected for this study totalized 182 aircrafts in
operation in S&o Paulo, and these aircrafts has burned 19602 tonnes of fuel in last 03
years, quantity equivalent to 61942 tonnes of CO, emitted in the environment.
Considering an equivalent fleet of EVTOL to this sample fleet selected (182 aircrafts),
flying an average of 19000FH per year, we estimate that it is possible to generate the

follows values of carbon credit per year considering the current carbon credit market:

> € 1.367.884 (European Union - compliance market)
> $634.905 (Australia - compliance market)

> $81.763 (Aviation Industry Offset — Voluntary Market)
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In a conservative scenario, with a prediction of 10 years the EVTOL fleet can reach
approximately 431vehicles. considering 6,5FH as daily average, will be possible to
generate the values below of carbon credit when considered the same operation with
helicopters, in a standardized prediction of fleet introduction of 20% of EVTOL units per

year:

> €114.466.828 (European Union - compliance market)
> $53.129.886 (Australia - compliance market)

>  $6.842.093 (Aviation Industry Offset — Voluntary Market).

Conclusion: The potential carbon credit generation found in this study demonstrate that
there is a huge opportunity to future EVTOL operators make money using the standards

of the market for sustainability related to carbon credit.

Third Conclusion: Relationship between the Helicopter and an equivalent EVTOL

(Cost Benefit Analysis).

Data Gathering: Literature Analysis and manufactures information’s data.

Results:. Comparing the purchase value t between the vehicles capable to perform
similar flight missions, the results demonstrate that AW109 and Bell 429 helicopters have
a purchase value between 354% to 427% higher the EVTOL JOB S4, and 31% to 52%

higher than Lilium, the EVTOL most similar in terms of performance and number of



46

passengers transported. In terms of carbon credit, considering a prediction of 10 years

with an average of 6,5FH/day, an EVTOL operator can generate approximately:

> € 891.580 (European Union - compliance market)
> $413.828 (Australia - compliance market)

> $53.293 (Aviation Industry Offset — VVoluntary Market).

The figure 13 in the conclusion details related to equivalency of vehicle purchase
value versus carbon credit generation demonstrate the benefit that may be reach by
operator operating the EVTOL (10 years period), in this analysis the EVTOL JOBY S4
may reach until 67% of the purchase value in carbon credit in the compliance market of
the European Union, and the others vehicle between 13 to 30% in the same market.

Once the helicopter has a higher purchase value than the similar EVTOLSs and in
terms of operation and maintenance cost the premise is that these new kind of vehicle
will offer a lower cost than helicopters, and in additional the EVTOL will allow return of
investment related to the carbon credit generation, we creating the cost-benefit ranking
below using the technical specifications, purchase value, and flight mission that each one
is possible to perform:

Table 10

EVTOL Classification by purchase value and flight Mission

1° JOBY $4
2° Lilium
3° EVE
4° VX4

5° Archer
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Table 11

Helicopter Classification by purchase value and flight Mission

1° AW109
2° Bell 429

e Conclusion: In accordance with our calculations and analysis, the EVTOL was
considered the vehicle with better cost benefit characteristic, costing up 427% less than
an equivalent Helicopter, with possible return of investment by carbon credit around 67%

for JOBY S4 model.

e Fourth Conclusion: The EVTOL utilization can bring traffic congestion alleviation
for Séo Paulo City

e Data Gathering: The number of passengers in transit on Congonhas Airport was

retrieved from website https://aviacaobrasil.com.br/, From ENERGY.GOV (Office of

Energy Efficiency & Renewable Energy), was retrieve the data related to Cars CO2
emissions, the Brazilian Gross Domestic Product (GDP) historical data was retrieved

from Instituto Brasileiro de Geografia e Estatistica (IBGE).

e Results: Analyzing the total number of passengers in transit in the Congonhas (CGH)
Airport in the last 20 years was noticed that from 2000 to 2019 the number doubled in
size (Around 10M for 23M). After COVID-19 Pandemic, in 2021 the number dropped to
the level of 10M again. The calculations showed that on average the number of
passengers in transit at CGH Airport grew 5,93% per year. Standardizing 5,93% as the

rate of growth, considering that only 70% of the total passengers in transit will take a car


https://aviacaobrasil.com.br/
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(Uber or personal car) to drive to the airport our to return home, and considering that only
5% of the 70% of total passengers that needs a car will be able to pay for the EVTOL
Fares, the predictions performed, considering the interval 2025 through 2034,
demonstrate that the EVTOL operation can reduce up to 8,6% (in average) of total cars in
the traffic of the Séo Paulo City. Its means 559.075 fewer cars on streets on an annual
average and 5.665.120 fewer cars in a prediction of 10 ten years. As consequence, the
total number of CO emissions avoided by reducing the number of cars in traffic in Séo
Paulo can reach a Annual/average of 5.179.622 (tonnes) and a total of 52.266.079

(tonnes) in ten years.

e Conclusion: The introduction of the EVTOL operations in Sdo Paulo City can generate a
traffic congestion alleviation considering 8,6% less cars on the street and as consequence
related to the number of cars to be removed from streets it’s also become a sustainability
action generating benefits for environment due to the amount of CO, emissions to be

avoided in the period of ten years (52.266.079 (tonnes).

Conclusion

Considering the helicopter operations rules by similarity for EVTOLS and analyzing the
technical specifications and limitations from five EVTOLSs (EVE, Archer, JOBY S4, Lilium and
V/X4) part of this research, was possible conclude that the existing infrastructure (308 helipads)
from S&o Paulo city is capable to support the EVTOL operations. These vehicles will be able to

cover 64 to 99% of the 47278 possible routes created by number of helipads and heliports found.
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The cost benefit analysis from these vehicles, showed that JOBY S4, Liium and EVE are
the tree best vehicle classified taken in considerations technical specifications that make possible
diversify the flight missions, purchase cost, and return of investment related to carbon credit
generation versus purchase vehicle price. The carbon credit generation also revelated a huge
market for future EVTOL operators, the predictions revealed that in a comparison scenario
where helicopters would fly the same average as EVTOLSs (6.5FH/Day) it is possible to generate
€891.580 (European Union - compliance market, in a prediction of ten years/per vehicle. And for
a fleet of 431 vehicles this number can reach €114.466.828 (European Union - compliance
market).

Finally, this research also concludes that the introduction of the EVTOL operations in
Séo Paulo City can generate a traffic congestion alleviation of 8,6% in average. Its mean less
cars on the street, as consequence it’s become a sustainability action, generating benefits for
environment due to the amount of CO2 emissions that could be avoided. In the period of ten
years the number may reach (52.266.079 (tonnes).

With the results raised, we conclude that the EVTOL operations in Sdo Paulo opened a
new market door. This market will start with a big demand to be attended in a short-term
perspective as well as open a new market called carbon credit that may be “the best bet for the

future”.
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Conclusion Details

e First Conclusion: The current infrastructure of helipads and heliports from Sao
Paulo City is capable of supporting the operational specifications of EVTOL
vehicles analyzed in this research.

e Was identified 112 individual operators that is no possible to confirm the operational
area. Or understanding is that is possible that these aircrafts have been operate in Sdo
Paulo city area, which would make a total of 380 aircrafts in operation (268 in airworthy
conditions + 112 individual operator). Due this reason, for predictions calculations of fuel
burn and CO, emissions was used the total number of registered helicopters in Sdo Paulo
City (371 Aircrafts).

e To do the calculations, the first point was answering the question about which vehicle can
serve which route? the technical specifications of each EVTOL were analyzed and then
the data were crossed with the dimensions and maximum supported weight of each
helipad and heliport in the city of Sdo Paulo (308 in total). Considering the actual rules of
ANAC for Helipads certification and Helicopters operations and applying it for similarity

for the five EVTOLSs analyzed in this study we have:

Table 12

Percentage of routes achievable for each Helicopter

Helicopters
R22 R44 AS350 AW109 429
100% 99% 97% 97% 65%
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Table 13

Percentage of routes achievable for each EVTOL

EVTOLs
S4 Eve Vx4 Lilium Archer
99% 97% 65% 65% 64%

» Considering the information’s provided in the Engineering briefing report
(EB N° 105) issued by FAA on September 21, 2022, document that
provides interim guidance for the design of vertiports for aircraft with
vertical takeoff and landing (VTOL) capabilities, considering the
requirements related to Relationship and Dimensions of TLOF, FATO,
and Safety Area for EVTOL operations, in case of ANAC adopt a similar
rule like FAA, in accordance with the requirements described in the
Engineering report (EB N° 105), would be necessary do adaptations of
Charging and Electric Infrastructure as well as Marking, Lighting, and
Visual Aids, before start EVTOL operations. This rules also can change
the number of vertiports raised in this research.
e Second Conclusion: Financial results related to Carbon Credit generated by
EVTOL operations.
e To start the predictions related the possible carbon credit to be generate by EVTOL
operations, the first step was establishing a standard for that. As demonstrated in the

methodology, we selected a sample of helicopters from Séo Paulo fleet.

As described in the table xx below, we calculate the numbers of flight hours operated by

this helicopters sample fleet. In this case were selected 182 aircrafts filtered by model in a
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period of 03 years of operation. With that was possible to calculate the total of fuel burn

and as consequence the total of CO> emitted in the environment.

Table 14
Helicopter fuel burned in Sdo Paulo (3 years period) — (182 aircrafts)
. . Fuel Fuel
He_Illcozter ?;'/7;19; Pir;r)sd Total FH consumption Burned
yp y (kg/hour) (tonnes)
H1P 15338 3 46014 36 (1) 1657
H1T 23243 3 69729 126 (2) 8786
H2T 17751 3 53253 172 (3) 9160
Total Total Fuel
Average 18777 Burned 19602
FH/Year (Kg/hour)

After that was calculated the annual CO, Emissions by helicopter (sample of 182
aircrafts), using the standards from IATA RECOMMENDED PRACTICE -RP 1726 and
recommendations from CORSA, we created the table below:

Table 15

Annual CO; emission by Helicopter in Sdo Paulo (Average 3 years period) - Sample of 182
aircrafts

i Total Fuel CO>
He'lllflggter eri??r(azirf:) f Burned FCFt Emissions
(tonnes) (tonnes)
H1P 66 1657 3,16 5235
HI1T 59 8786 3,16 27763
H2T 57 9160 3,16 28944
Total CO2
Emissions
T-O tal of 182 Average 3 61942
Aircrafts _
years period
(tonnes)
Total CO2
Emissions 20647

Average Per
Year (Tonnes)
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To find the future average of fuel burn and CO, Emissions that can be avoid using

the EVTOL, was considered the following points:

> The prediction for EVTOL operations is short turn around-around time
(10-15 mim), short flight duration (10-15 mim), and High Frequency (20 —

30 flights per day).

> The average between 20 and 30 is 25 flights per day, considering the turn
around and flight duration we have legs of 30 mim. Converging 30mim to
decimal and multiplying per 25 (number of flight/day), we found
approximately 13FH/day. Being conservative, the calculations will

consider 50% of this prediction of operation (6,5FH/ Day in average).

> Using the average flight hours per year from helicopters (3 years period),
was applied the conversion factor to 6,5FH, being possible to estimate the
total of flight hours and fuel burned that would have been burned by the

helicopter sample fleet selected in a operating rate of 6,5FH/day.

> Following the rules above was created the table below related to
Helicopter Fuel burned in Sdo Paulo (3 years period flying 6,5FH/Day) -
(182 aircrafts)
Table 16

Helicopter Fuel burned in S&o Paulo (3 years period flying
6,5FH/Day) - (182 aircrafts)
Average
Helicopter flight Period Total
Type hours per (in years) FH

Fuel Fuel
consumption Burned
(kg/hour)  (tonnes)

year
H1P 154440 3 463320 36 (1) 16680
H1T 138060 3 414180 126 (2) 52187

H2T 133380 3 400140 172 (3) 68824




Total
Average
FH/Year

141960

Total Fuel
Burned
(Kg/hour)

137690

e Commercial operations in cities for EVTOL are expected to start around 2025 (ITA,
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2022), considering an introduction of 84 EVTOL in S&o Paulo (20% of predict helicopter

fleet in 2025) in the first year after certification of the AMM/UAM, and keeping the same

rate of fleet growth (20% per year), in relation to the future helicopter fleet size, the table

17 below demonstrate the total of CO» emission that can be avoided if the EVTOL is

introduced in the market.

Table 17

Annual CO; emission by Helicopter in Sdo Paulo (Average of 6,5FH/Day)

Total Fuel CO2
Helicopter Type erir:(l;)gﬂcﬁ Burned FCFf Emissions
(tonnes) (tonnes)
H1P 66 16680 3,16 52707
H1T 59 52187 3,16 164910
H2T 57 68824 3,16 217484
Total CO2
Emissions
Total of Aircrafts 182 Average 3 435101
years period
(tonnes)
Total CO>
Emissions
Average Per 145034
Year
(Tonnes)

e Asa conservative prediction, considering the currently helicopter fleet of Sdo Paulo (371

aircrafts) and applying a scalation equal to 3% per year for 10 years, will be possible
predict the helicopter fleet size. The period of 10 years was estipulate considering the

long-time predictions as well as considering the information’s relative the market
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expectations for AMM/UAM be completed designed and certified. Considering the
future helicopter fleet size, the table xx below demonstrate the total of CO2 emission that
can be avoided if the EVTOL is introduced with a constant rate of 20% per year in

relation of the helicopter fleet size prediction.

Table 18

Total CO; Emissions to be avoided with EVTOL Introduction flying 6,5FH/Daily (10 Years
from 2025)

TY of EVTOL -
Helicopters ir?troduction in the Total COZ.Em'SS'onS
(Count from 2025) fleet Growth  market (Percentage A avoided
. verage per Year
(3% per Year) relative the SP (Tonnes)
helicopter Fleet)
2025 418 84 66560
2026 430 100 79872
2027 443 120 95846
2028 456 144 115015
2029 470 173 138018
2030 484 208 165622
2031 499 249 198746
2032 514 299 238495
2033 529 359 286194
2034 545 431 343433
CO» Emissions to be avoid in 10 Years (Tonnes) 1727801

After determining the number of CO2 emission per period, the table 19 below
demonstrate the possible carbon credit generated for period.

Table 19

Potential Carbon Credit Using EVTOL instead of Helicopter fleet sample (182
aircrafts) — (Annual Average)

CO2 (tonnes) =
Market 1 Carbon Price Value
Credit




Compliance E‘Sﬁﬁf:” 20647 66,25 € 1.367.884

Compliance Australia 20647 30,75 $634.905
Aviation

Voluntary Industry Offset 20647 3,96 $81.763

Carbon Credit to be generate by use EVTOL instead of Helicopter fleet sample (182
aircrafts) - (3 Years Period)

CO2 (tonnes) =

Market 1 Carbon Price Value
Credit
Compliance "\ oPee" 61942 66,25 € 4.103.652
Compliance Australia 61942 30,75 $1.904.714
Aviation
Voluntary Industry Offset 61942 3,96 $245.290

Carbon Credit to be generated by Introduction of EVTOL flying 6,5FH/Daily with a
growth rate of 20%/Year in comparison with current Sdo Paulo Helicopter Fleet (10
Years period)

CO2 (tonnes) =
Market 1 Carbon Price Value
Credit
Compliance E‘Sﬁﬁ)erf‘” 1727801 66,25 € 114.466.828
Compliance Australia 1727801 30,75 $53.129.886
Aviation
Voluntary Industry Offset 1727801 3,96 $6.842.093
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Third Conclusion: Relationship between the Helicopter and an equivalent EVTOL

(Cost Benefit Analysis).

Considering that the main characteristic of EVTOL vehicles is safety, mainly related to

the high-tech navigation systems and the number of engines available that provide much

more redundance in terms of trust and flight stability for EVTOL, to do the financial

comparation with helicopter, was necessary exclude the single engines helicopters from

the analyses and was considered just 02 models that offer a power plant system with 02
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engine and also the models that have more robust and modern navigation systems. The
helicopter model selected was:

> AW109SP Grand New

> and Bell 429.
Even knowing that the EVTOL will have a lower maintenance cost than the helicopter,
there is no open data about it, so, it was not taken in consideration in the calculations.
Once defined the vehicles to be compared, was performed the cost comparison between
the helicopters and EVTOL selected and then calculated the percentage relative the

helicopter purchase value vs EVTOL as demonstrate on results of figures below:

Helicopter and EVTOL Costs

$7.00
1%2]
o
2
= $6.00
=
$5.00
7
S $4.00
5]
S
< $3.00
= H Cost
$2.00
$1.00 I
$0.00
JOBY S4 Lilium Archer AW109SP
Grand New
Helicopter/EVTOL Model
Figure 09

Helicopters and EVTOL Purchase Values



Comparison Cost AW109 vs EVTOL
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Comparation purchase value between the helicopter AW109 vs EVTOL

Comparison Cost Bell 429 vs EVTOL
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Comparation purchase value between the helicopter Bell 429 vs EVTOL
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The Final point considered is that the EVTOL have been developed to fly in high

frequency (20 — 30 flights per day — 10 to 15 min each leg, totalizing an average of 6,5
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FH/Day), it means that this vehicle would fly a few more times per day that the current
daily average from the helicopter have been flying. Using the hours flown data of
helicopters provided by ANAC by FALA.BR portal, was identified the average of flight
hours per aircraft, the calculations demonstrate a average of 1FH/day as demonstrate in
the table 20.

Table 20

General Daily FH per Helicopter

Daily FH
Helicopter N°of Average Annual FH - Monthly FH Average ngeral
. Average per Average per Daily FH
Type  Aircraft /Year . . ;
Aircraft Aircraft . per aircraft
Aircraft
H1P 66 15338 232 19 0,6
H1T 59 23243 394 33 1,1 1
H2T 57 17751 311 26 0,9

To understand the flight mission profile that each vehicle is capable to perform, and to
understand better each technical characteristic and performance data, was created the
table xx and xx below to do the vehicle classifications and after that be possible to create
a ranking of better cost benefit.

Table 21

EVTOL technical specifications and purchase price classification

Model (R;amn?e DIM. (m) }’t\g%'g?;) Ergﬁfions) Price (class)
Eve 60 15,2 1 3 Low
Archer 60 12,2 3,175 5 High

JOBY S4 150 10,7 1,815 1,3 Medium
Lilium 155 13,9 3,175 4,5 High

VX4 161 15 3,175 4 High
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Table 22

EVTOL technical classification

Range Wight Pilots Pax

(class).) Speed (class) Dim. (class) (class) (class) (class)
Low Low (96 km/h) High Low 1 4
Low High (241 Km/h) High high 1 4
High High (322 Km/h)  Medium medium 1 4
High High (280 Km/h) High high 1 6
High High (241 Km/h) High high 1 4
Table 23
Helicopter technical specifications and purchase price classification
MODE RANGE DIMENSION MTOW FUEL PRICE  PRICE
L (nm) (m) (tonnes) CONSUMPTION (millions)  (class)
(kg/hour)
429 206 13,1 3,402 188 6,85 High
AW109 228 13 2,85 176 59 High
Table 24

Helicopter technical classification

RANGE SPEED DIMENSION  WIGHT PILOTS PAX

(class) (class.) (class) (class.) (class.) (class.)
High  High (280 Km/h) High High 1 7
High  High (289 Km/h) High High 1 7

The analyses demonstrated that all EVTOL vehicles are capable to attend the short flight
missions up to 60nm, the vehicle with the lower cruse speed is the EVE. For long rage
flight missions up to 150nm just JOBY S4, Lilium and VX4 are capable to attend these
flights with similar performance like the helicopters analyzed here as demonstrate in the
figure 12. Finally, the purchase value of each vehicle was compared with the purchase

value of the helicopter and the figure 12 below illustrate these differences.
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Purchase value and Techinical Specifications

PASSANGERS CAPACITY

SPEED (Km/h)

PRICE (millions)

WEIGHT (tonnes)
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Considering the average of 6,5FH/Day (number of flight hours estimated to be operated

by EVTOL) was estimated the possible fuel to be burned by an equivalent helicopter,
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with the numbers reached relative the fuel burn, was calculated the quantity of CO>
emissions to be avoid, see table 25.

Table 25

Total CO; prediction considering helicopter FH average of 6,5FH/Day

Fuel
QTY  Period Annual Total EH CO2 Fuel  consumption
Vehicle (Year) FH (10 Years) Emission Burned - (kg/hour)
Avg. (tonnes)  Avg. 429
and AW109
Helicopter
Average 1 10 311 3114 1791 567 182
1FH
Helicopter 234
Average 1 10 0 23400 13458 4259 182
6,5FH
EVTOL 234
Average 1 10 0 23400 0 0
6,5FH
Total CO2
Emissions 13458
Avoided

With the total o CO emissions predict, we calculated the possible carbon credit to be
generated by this estimate operation, the results are illustrated in table 26 below:

Table 26

Carbon credit to be generated by a EVTOL considering 6,5FH/Day

(tofngi) = Value (US Conversion Tx
Market 1 Carbon Price Value Dollar) U$ to Euro
. (10,0ctuber/2022)
Credit
Compliance E‘Smer?” 13458 66,25 €891.580 $864.832 $0,97
Compliance Australia 13458 30,75 $413.828
Aviation

Voluntary  Industry 13458 396  $53.293
Offset




To understand the benefit of the carbon credit value predicted, was crested an
equivalency of this possible credit value between the vehicle purchase value, and the

results is illustrated below.

Equivalency of vehicle cost per estimated carbon
credit generated
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Figure 13

Equivalency of purchase vehicle value vs Carbon credit to be generated

The return of investment (ROI) and the payback analysis was not demonstrated in the

study because there is no how to estimate the correctly EVTOL fares before the

certifications process and operational requirements that also involve pilots training be

finished, these two drives usually bring a lot cost for the industry, a situation that for sure

will change the fares.
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Fourth Conclusion: The EVTOL utilization can bring traffic congestion alleviation for

Séo Paulo City

e After collected the data relative the number of passengers in transit on CGH Airport and

the Brazilian GPD, was performed a correlation between them (Pax. in Transit Growth

and Brazilian GPD Growth percentage) to understand if exist any relationship, the

R?=0,079 demonstrate that the correlation is week and p-value = 0,1 indicated that there

is no statistical significance, therefore, the GPD growth is not the main drive that

influence the CGH Airport passengers’ variation.

Table 27

Simple Linear regression statistics data

Regression statistics

Multiple R 0,079
R Square 0,006
Adjusted R
Square -0,049
Standard
Error 10,791
Observations 20,000
ANOVA
Significance
df Ss MS F F

Regression 1 13,218 13,218 0,114 0,740
Residual 18 2096,071 116,448
Total 19  2109,290

Standard P- Upper Lower Upper

Coefficients Error tStat value Lower 0% 0% 0% 0%

Intercept 5,479 3,214 1,705 0,105 -1,274 12,233 -1,274 12,233
PASSENGERS 0,294 0,872 0,337 0,740 -1,539 2,126 -1,539 2,126
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Figure 14

Growth Pax. in Transit (%) vs Brazilian GPD Growth (%) Correlation

e Once the correlation is week, was created the table 28 to calculate the average/year

related (Pax. in transit Growth and Brazilian Gross Domestic Product (GDP) percentage).

Table 28

Pax. in transit Growth and Brazilian Gross Domestic Product (GDP) average calculation

Pax. Total Pax.

Year gg;aéoiﬁ);'s Transported  Congonhas 8 /5)D Growth
Growth (%)  (Millions)

2021 9.654.827 37,86% 10 4,6

2019 23.570.800 6,32% 24 1,2

2018 22.170.416 2,65% 22 1,8

2017 21.597.291 5,04% 22 1,3

2016 20.560.913 7,83% 21 -3,3



2015 19.068.522 6,33% 19 -3,5

2014 17.933.435 3,48% 18 0,5

2013 17.330.436 0,12% 17 3

2012 17.310.065 0,23% 13 1,9

2011 17.270.572 11,17% 17 4

2010 15.535.626 14,58% 16 7,5

2009 13.559.340 0,36% 14 -0,1

2008 13.510.726 -5,03% 14 5,1

2007 14.226.840 -14,43% 14 6,1

2006 16.626.636 6,63% 17 4

2005 15.593.189 21,37% 16 3,2

2004 12.847.331 6,01% 13 5,8

2003 12.118.715 -2,91% 12 1,1

2002 12.482.270 5,84% 12 3,1

2001 11.793.713 11,13% 12 1,4

2000 10.612.845 11 4,4

Average Average Average
15.593.189 5,93% 3
Total Pax. in transit CGH Airport and Brazilian GPD Growth
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e Defined the averages cited above, we predicted the number of Passengers to be in transit
at CGH Airport in next years, the number of passengers to be transported by EVTOL, the
number of EVTOL necessary to attend this possible demand and the number of cars to be
removed from traffic introducing the EVTOL operations. The following standardization
was applied in the calculations:

» Only 70% of the total Passengers in transit will need a car, this 30% excluded
from the calculation, was considered the number of people that leave or get in the
CGH airport using a shared vehicle (Uber or a personal car) as well as the people
that will use public transportation. In this way, was considered that 70% of the
passengers use an individual car to go or back from CGH Airport.

> Of this total (70%) we also established that only 5% of this total people will be
able to pay for EVTOL fares.

> Was standardized a load average for EVTOL of four people per vehicle.

The table 29 below demonstrate the results found:
Table 29

Total cars to be removed per year from S&o Paulo City Traffic Using EVTOL Operations
5%

Year Paxtobein  70% Pax under Qty Cars to be Cars to be
transit (Year) (daily) 20% EVTOL removed/day removed/year

2025 12.154536  23.634 1.182 295 1.182 431.317
2026 12.874.692  25.034 1.252 313 1.252 456.873
2027 13.637.518  26.517 1.326 331 1.326 483.942
2028 14.445541  28.089 1.404 351 1.404 512.616
2029 15.301.439  29.753 1.488 372 1.488 542.989
2030 16.208.049  31.516 1.576 394 1.576 575.161
2031 17.168.376  33.383 1.669 417 1.669 609.239
2032 18.185.603  35.361 1.768 442 1.768 645.336
2033 19.263.100  37.456 1.873 468 1.873 683.572
2034 20.404.438  39.675 1.984 496 1.984 724.074

Total 5.665.120
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Annual

Average 990075

e To demonstrate the average of cars to reduced using the EVTOL operations, was used the
data related to Séo Paulo fleet cars (historical data) available on IBGE website, was
created the table 30 and figure 15 illustrated below to define the Car fleet growth
Average (last 15 years).

Table 30

Sdo Paulo fleet car percentage growth

Year Car fleet (last 15 years) Growth Percentage
2006 10.294.811

2007 11.014.104 1,07%
2008 11.753.856 1,07%
2009 12.536.177 1,07%
2010 13.334.875 1,06%
2011 14.108.047 1,06%
2012 14.880.771 1,05%
2013 15.643.415 1,05%
2014 16.319.980 1,04%
2015 16.834.630 1,03%
2016 17.247.124 1,02%
2017 17.719.258 1,03%
2018 18.230.138 1,03%
2019 18.753.364 1,03%
2020 19.089.286 1,02%
2021 19.305.526 1,01%

Car fleet Growth Average

(last 15 years) 1,04%




69

veiculos

20.000.000
18.000.000
16.000.000
14.000.000
12.000.000
10.000.000
8.000.000
6.000.000
4.000.000
2.000.000
0

Sio Paulo

Figure 16
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e Using the rate of 1,04% car growth per year was predicted the total number of cars per
year and comparing with the number of cars to be removed from S&o Paulo traffic using
the EVTOL operations was calculated the percentage of cars reduced using EVTOL.

Table 31

Percentage of Cars to be reduced in Sdo Paulo City Traffic Using EVTOL

Cars Sé&o Paulo City Number of Car Percentage of Cars
Year  Growth/year  (Number of Reduced Using Reduced Using
(1,04% rate) Cars) EVTOL EVTOL
2025 84.627 6.129.447 431.317 7,0%
2026 85.812 6.215.259 456.873 7,4%
2027 87.014 6.302.272 483.942 7,7%
2028 88.232 6.390.504 512.616 8,0%
2029 89.467 6.479.971 542.989 8,4%
2030 90.720 6.570.691 575.161 8,8%
2031 91.990 6.662.681 609.239 9,1%
2032 93.278 6.755.958 645.336 9,6%
2033 94.583 6.850.541 683.572 10,0%
2034 95.908 6.946.449 724.074 10,4%
Average 8,6%

(%) of Cars to be reduced in S3o Paulo City Traffic
using EVTOL

12,0%
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Figure 18

Percentage of car to be removed from S&o Paulo City traffic

With the data raised by calculations demonstrated in the tables above, the table below
was created to understand the total CO2 emissions that could be avoided by removing the
number of cars predicted..

Table 32

Amount of CO, Emissions by Cars to be avoided by using EVTOL in Séo Paulo City

Avg. CO2
CO2 CO2 CO2 CO2 CO;Emissions  Emissions
Model Emissions Emissions Emissions Reduc (Tonnes/Year) (Tonnes/Year)
Year (g/mi) (g/Km) (Tonnes/Km) . (%) per Car x N° Cars

2021 348,2 560,44 0,0005604 1,00
2022 344,8 554,86 0,0005549 1,00
2023 341,3 549,34 0,0005493 1,00
2024 337,9 543,88 0,0005439 1,00

2025 334,6 538,46 0,0005385 1,00 10 4.180.485
2026 331,3 533,11 0,0005331 1,00 10 4.384.115
2027 328,0 527,80 0,0005278 1,00 10 4.597.663

2028 324,7 522,55 0,0005225 1,00 9 4.821.614
2029 321,5 517,35 0,0005174 1,00 9 5.056.473
2030 318,3 512,20 0,0005122 1,00 9 5.302.772
2031 315,1 507,11 0,0005071 1,00 9 5.561.068
9
9

2032 312,0 502,06 0,0005021 1,00 5.831.945

2033 308,9 497,06 0,0004971 1,00 6.116.017
2034 305,8 492,12 0,0004921 1,00 9 6.413.926
Total 52.266.079

Annual Avg. 5.179.622
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Chapter V
Recommendations, Future Research, and Lessons Learned

In this study we analyzed the helipads data and helicopters registered in the city of Sdo
Paulo and the metropolitan area and we identify that the existing infrastructure of helipads and
heliports is capable to attend the operational specifications regard to the five EVTOL analyzed.

Considering the results found for the delimited study, in which we were successful in
demonstrating the feasibility, we propose some recommendations for future studies aiming at a
complete solution for the operation of this type of vehicle in the metropolitan region of Sdo Paulo,

thus making it possible to enjoy all the advantages described throughout our work.
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e Recommendation 1

We recommend that the potential investors and operators of the aviation industry as well
others like UBER, consider discussing the necessary adaptations in the 308 helipads and heliport
analyzed in this study (existing infrastructure in Sdo Paulo Cite and metropolitan area) for
introduction of EVTOL operations with the Brazilian authorities and manufacturers using as guide

the FAA ENGINEERING BRIEF #105 issued on September 21, 2022.

e Recommendation 2

We recommend for all potential operators and major Brazilian Airlines to perform financial
analyzes and create a business plan to implement EVTOL operations in Sdo Paulo City (after
2025), considering the predicted demand for the sector and keep focus in the possible carbon

credits generations by CO2 emissions avoid.

e Recommendation 3

Based on better economic results to purchase a EVTOL steady of an equivalent Helicopter,
we recommend for the potential companies of the industry to analyze the return of investment for

this market and then analyze the possibility to invest on the EVTOL vehicle.

e Recommendation 4

Considering the benefits that EVTOL operation can bring in terms of traffic alleviation for

Séo Paulo City and metropolitan area as well as the benefits for environment caused by the CO>
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emission to be avoid, we recommend that the government of state work together the potential

EVTOL operators to help in the implementation of the EVTOL operation in Sdo Paulo.

Recommendation Details

e Recommendation 1

For EVTOL operations become a reality in Brazil, a series of adaptations must be made to
the current Brazilian legislation, which currently does not include this type of electric vehicle in
the current regulations. According to lawyers specialized in the aviation sector, the EVTOL must
face the same regulatory process as the already known VTOL (Vertical Take Off and Landing)
aircraft, which implies several certifications of the performance and safety of aircraft components
and their operating conditions. and which culminate in the final approval of the authorities of each
jurisdiction. In Europe, the EASA (European Union Aviation Security Agency) already has issued
a proposed new regulatory framework for public consultation, its cover the technical domains of
airworthiness, air operations, flight crew licensing and rules of the air.

In addition to the operational certification of the vehicle, EVTOL must establish a new
panorama for the control of urban air traffic management (UATM) solution, that will enable the
UAM industry to evolve to a future where EVTOL flights are a mainstream mode of transportation.

Some EVTOL models are already in the process of being certified by the ANAC (EVE
from Embraer is the first in this run). Every aircraft under development requires adaptations of
certification protocols and new methods of evaluating the performance of the incorporated
equipment. This certification is a constantly evolving process in which the use of new technologies

challenges certifiers to design ways to assess critical aspects of the new aircraft's performance.


https://www.easa.europa.eu/downloads/136705/en
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Most experts say that the operational challenges of spreading the transport offer based on
EVTOL will be great worldwide. Not only will traffic regulation and control be tested, but
operating conditions will be challenging. The major regulatory frameworks for air navigation will
provide the fundamental principles, but the conditions to be faced with unprecedented volumes of
traffic on certain routes and locations will require the improvement of all elements: from
monitoring and control of traffic to the discipline of operators and users.

In this way the Automated traffic management systems that will facilitate the management
of the high number of aircraft sharing urban skyways will be part of this ecosystem, but for it
become real will require significant public and private investment, commitment and collaboration
from all involved sectors.

An important discussion within the regulatory issue, according to concept of operations
(Conops), is the characteristics of a proposed system from the point of view of the person who will
use that system. The Brazilian regulatory environment is already being updated in debates carried
out by Decea (Department of Airspace Control) via internal studies and Conops. However, it will
be necessary to update a series of legislation related to aeronautical activity and operations.

Considering all details relative the development of the AMM/UAM system described
above, is important for Brazilian industry keep the discussion and the development of studies that
involve this ecosystem together the aviation authorities, helipads and heliports administrators as
well as with the EVTOL manufacturers. Is important that these discussions include flight safety
issues and the sustainability benefits related to operations such carbon credit that will be generate

by CO2 emissions avoided.
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e Recommendation 2

Due to the Paris agreement occurred on December 12, 2015, during COP 21 (21st United
Nations Conference on Climate Change), the worldwide counties have assumed the commitment
to reducing the emission of greenhouse gases. The gols established aggressive results until 2030,
and for Airlines that are a very problematic industry in terms of CO2 emissions have a big
challenger in the hands. Even time more the airlines have been looking for aircrafts more efficient
in fuel burn, but unfortunately the engines and aircrafts currently available in the market even
being more efficiency is not enough to reach the established levels of CO2 emissions to the future.

In this sense the carbon credit industry born, the international carbon trading markets have
been around since the 1997 Kyoto Protocols. A carbon market allows investors and corporations
to trade both carbon credits and carbon offsets simultaneously. This mitigates the environmental
crisis, while also creating new market opportunities (Carbon credit.com). These emissions fall into
one of two categories: Carbon credits or carbon offsets.

» Carbon credits also called carbon allowances, could be considered like permission
slips for emissions, which are usually bought from the government. When a
company buys a carbon credit, they gain permission to generate one ton of CO2
emissions. The flows relative to the carbon revenue are from companies to
regulators. If the companies end up with excess credits, they can sell them to other
companies.

> On the other hand, carbon offsetting is trading carbon revenue
between companies. When one company removes a unit of carbon from the
atmosphere as part of their normal business activity, they can generate a carbon

offset. Other companies can then purchase that carbon offset to reduce their own
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carbon footprint. Note that the two terms are sometimes used interchangeably, and
carbon offsets are often referred to as “offset credits”.

Once a company is unable to reduce their CO2 emissions to the necessary level, the rules
of carbon credit market and sustainability allow companies purchase carbon offset from other to
reduce their own carbon footprint. In this sense the environment will have the benefits from the
company more efficient and substantiable. Other actions like tax credit in the Inflation Reduction
Act to incentivize greater production of sustainable aviation fuel (SAF) are being in discussion in

the recent policy action at the EU level and in the UK.

e Recommendation 3

As demonstrated in this work, the cost of an EVTOL is projected to be lower than a
conventional helicopter, in addition to having a benefit in its operation in terms of fuel cost and
pollutant emissions. Thus, it is likely that this type of aircraft, in addition to opening a new
market, will bring about strong changes in the market for existing helicopters, $1.5 trillion

market for Urban Air Mobility by 2040 is predicted by Morgan Stanley.

We therefore recommend that companies and individuals operators in this sector analyze
careful the possibilities to introduce these kinds of new vehicles in fleet. As shown, in addition to
being cheaper equipment, they promise bring a gain in the operation by carbon offsetting.
Obviously, it is necessary to consider the type of operation, observing the limits of autonomy,

among others.
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e Recommendation 4

As demonstrated, the benefits of this operation will reach society as a whole. In addition to
the benefits of reducing pollutants, already demonstrated, it will bring a direct benefit to city traffic.
Nowadays, the traffic in the city of S&o Paulo is chaotic. Public authorities, in order to control this
problem, implement actions such as the rotation of license plates, which consists of prohibiting the
circulation of vehicles one day a week depending on their license plate. This action has been
implemented for many years and theoretically reduced 20% in city traffic. The operation of
EVTOL can be effective in reducing traffic since a part of the population will use this service with
some frequency, migrating the streets to the skies of the city.

The public power can buy this idea by speeding up the adaptation of laws and the
infrastructure necessary for this project to get off the ground, bringing its benefits to the entire

population.

Future Research
e This was a restrict study, we considered the technical and operational information’s from
the helipads and vehicles analyzed considering the legislation currently applied for
helicopters, being necessary to analyze the changes to be made in the helipads for
adaptations of charging and electric infrastructure as well as marking, lighting, and visual

aids, as well as the area for the parking of the vehicles for EVTOLS.

e |t is necessary to study the public acceptance of this new type of transport in Brazil.
Considering that the EVTOL can bring a big number of vehicles flying over the people
heads, is important for market understand the level of public acceptance about it. In NYC

there was a study in this direction that resulted in a poor acceptance of the population.
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It is necessary to analyze the parking areas for the system's passengers, who can arrive by

car, taxi, or other means of transport.

We were unable to find relevant information regarding future maintenance costs, being

necessary to predict this cost in the future studies.

Low Airspace management rules is the challenger for EVTOL become a reality, studies
that can demonstrate how the government, aeronautic authorities and the industry have

been working to solve this problem may be very relevant.

Lessons Learned
During the study, we collected data from all helipads in the metropolitan region of Séo
Paulo, including geographic position, type and dimensions, as well as information on all
helicopters that use these helipads with the appropriate flight hours. This information may

be of great interest to the scientific community for future studies.

The use of EVTOL has demonstrated be an important solution for the market related to the
benefits for populations in terms of sustainability considering the CO2 emissions that may
be avoided as well as the possibility of traffic alleviation for big cities. And also, the
EVTOL operations demonstrate that can be an important source of revenue generation for

companies looking for carbon credits.
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https://www.al.sp.gov.br/repositorio/legislacao/lei.complementar/2011/lei.complementar-1139-16.06.2011.html
https://valorinternational.globo.com/business/news/2022/04/11/thales-teams-up-with-embraers-eve-for-flying-car.ghtml
https://valorinternational.globo.com/business/news/2022/04/11/thales-teams-up-with-embraers-eve-for-flying-car.ghtml
https://robbreport.com/motors/aviation/lilium-special-edition-electric-jet-1234751448/
https://pt-br.topographic-map.com/maps/gn4k/S%C3%A3o-Paulo/
https://pt-br.topographic-map.com/maps/gn4k/S%C3%A3o-Paulo/
https://www.ainonline.com/aviation-news/air-transport/2022-08-11/united-airlines-places-10-million-deposit-archer-evtols
https://www.ainonline.com/aviation-news/air-transport/2022-08-11/united-airlines-places-10-million-deposit-archer-evtols
https://vertical-aerospace.com/vx4/
https://evtol.news/news/us-air-force-tells-congress-of-agility-prime-successes#:~:text=On%20August%203%2C%202022%2C%20the,Program%20(dated%20July%202022)
https://evtol.news/news/us-air-force-tells-congress-of-agility-prime-successes#:~:text=On%20August%203%2C%202022%2C%20the,Program%20(dated%20July%202022)
https://evtol.news/news/us-air-force-tells-congress-of-agility-prime-successes#:~:text=On%20August%203%2C%202022%2C%20the,Program%20(dated%20July%202022)
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Annex 01 - Data Set Metadata: Brazilian Aeronautical Register

Available at https://www.anac.gov.br/acesso-a-informacao/dados-abertos/areas-de-

atuacao/aeronaves/reqgistro-aeronautico-brasileiro/5-reqistro-aeronautico-brasileiro, retrieved on

Sep 61", 2022.

Metadados do conjunto de dados: Registro Aeronautico Brasileiro

Share
publicado 09/09/2021 11h47, ultima modificagdo 15/10/2019 16h35

Caracterizacéo do conjunto de dados

Area tematica:

Aeronaves

Conjunto de dados:

Registro Aeronautico Brasileiro

Nome da area de contato:

Registro Aeronautico Brasileiro

E-mail de contato da area:

rab@anac.gov.br


https://www.anac.gov.br/acesso-a-informacao/dados-abertos/areas-de-atuacao/aeronaves/registro-aeronautico-brasileiro/5-registro-aeronautico-brasileiro
https://www.anac.gov.br/acesso-a-informacao/dados-abertos/areas-de-atuacao/aeronaves/registro-aeronautico-brasileiro/5-registro-aeronautico-brasileiro
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Periodicidade de atualizacéo:

mensal

Descricao:

Os dados de aeronaves tém objetivo de alimentar informacdes sobre a evolucdo da frota aérea

brasileira e sua composicao.

Esses dados arquivados séo requeridos por:

« InstituicBes nacionais (6rgdos censitarios e de planejamento, entre outros)

Internacionais - como IRCA (Registro Internacional da Aviagédo Civil) - iniciativa
apoiada pela ICAO de colher informacdes e partilha-las entre os membros da

ICAO
«  Pesquisas académicas

Particulares no interesse de prospectar possiveis oportunidades de mercado.

Viséo geral:

Em conformidade com:

Resolucéo no 293, de 19 de novembro de 2013 - Capitulo | do Registro

Aeronautico Brasileiro - Art. 20 Inciso XXIII
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Assegurar a publicidade, autenticidade, inalterabilidade e
conservacéo de documentos inscritos, averbados, autenticados e

arquivados;

Regulations and Procedures for the International Registry da ICAO em Section 10

STATISTICS 10.1

The Registrar shall maintain updated registration statistics and shall
publish them in an annual report. This report shall be electronically

accessible to any person.
10.2 The registration statistics under Section 10.1 shall consist of:

(a) Transactional volumes and revenues subdivided in
each case by registration type and geographic

distribution; and

(b) Other compilations of non-confidential information requested by the Supervisory

Authority.

Metadados

Campo Descricéo
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MARCAS Conjunto alfanumérico reconhecido internacionalmente
composto de marcas de nacionalidade e matricula — No Brasil

usamaos apenas letras:

As marcas de nacionalidade brasileira perfazem o
seguinte conjunto de duas letras: PP — PR — PT —

PS e PU.

As marcas de matricula sdo atribuidas por ocasido
da Reserva de Marcas e sdo constituidas, no Brasil,

das Ultimas trés letras.

O Registro disponibiliza no sitio da ANAC as
opcOes disponiveis para reserva, obedecidas as

limitacBes descritas no préprio sitio eletronico.

PROPRIETARIO Nome ou Razdo Social do Proprietério registrado da aeronave

OUTROS Nome ou Razdo Social dos demais proprietarios da aeronave

PROPRIETARIOS

UF Estado da Federacéo da residéncia declarada pelo Proprietario
CPF_CNPJ Identidade de Pessoa Fisica ou Juridica do Proprietario
OPERADOR Nome ou Razéo Social do Operador registrado da aeronave

OUTROS OPERADORES  Nome ou Razdo Social dos demais Operadores da aeronave



UF

CPF_CNPJ

MATRICULA

NUM. SERIE

CATEGORIA

TIPO CERT

MODELO

NOME FABRICANTE

CLASSE

PMD
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Estado da Federacéo da residéncia declarada pelo Operador

Identidade de Pessoa Fisica ou Juridica do Operador

Numero atribuido pelo Registro em uma sequéncia cronologica
quando da matricula da aeronave na emissdao do CM

(Certificado de Matricula).

Numero de série atribuido pelo Fabricante — Unico para cada

aeronave

Classificacdo das aeronaves de acordo com a natureza do
Operador (Privado ou Publico) e com o tipo de operagdo como

instrucdo, aero agricola, transporte de passageiros, etc.

Treinamento e habilitacdo para pilotos para determinados

modelos de aeronaves.

Modelo de produto aerondutico, reconhecido mediante

certificacdo pela ANAC.

Nome do Fabricante da Aeronave

Classificacdo baseada em caracteristicas como: Tipo de Pouso,

Tipo e Nimero de motores — prevista no RBAC 21

Peso Méximo de Decolagem



TIPO_ICAO Agrupamento de modelos de aeronaves que geram 0S mesmaos

impactos na operacdo de um aerédromo.

TRIP. MiN. Tripulagdo minima

PAX MAX Numero méaximo de passageiros

ASSENTOS NUmero de assentos

ANO FAB Ano de Fabricacdo da aeronave

VAL CAV Data de validade do Certificado de Verificacdo de

Aeronavegabilidade

VAL CA Data de validade do CA

DATA CANC Data de cancelamento da Matricula da Aeronave
MOTIVO Motivo do cancelamento da Matricula
CD_INTERDICAO Situagéo de Aeronavegabilidade (Normal, suspensa, etc.)
MARCA NAC 1 Marcas Nacionais anteriores — se houver

MARCA NAC 2 Marcas Nacionais anteriores — se houver

MARCA NAC 3 Marcas Nacionais anteriores — se houver

MARCA EST Marcas estrangeiras anteriores
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DESCRICAO DO Descricao de restricdes de Direitos Reais sobre a aeronave

GRAVAME

CD_INTERDICAO

Situacéo de Aeronavegabilidade

R RESERVA DE MARCAS

N SITUACAO NORMAL

S CERTIFICADO DE AERONAVEGABILIDADE
SUSPENSO

C CERTIFICADO DE AERONAVEGABILIDADE
CANCELADO

\Y CERTIFICADO DE AERONAVEGABILIDADE
VENCIDO

X AERONAVE INTERDITADA

U AERONAVE ULTRALEVE (SITUACAO

NORMAL)



Z AERONAVE EXPERIMENTAL (SITUACAO

NORMAL)

P AERONAVE COM SITUACAO PUNITIVA EM
VIGOR

M MATRICULA CANCELADA

MOTIVOS DAS SUSPENSOES DE AERONAVEGABILIDADE

1 AERONAVE AVARIADA POR ACIDENTES OU
INCIDENTES

3 PENDENCIAS JUDICIAIS

4 SITUACAO IRREGULAR NO RAB

6 SITUACAO TECNICA IRREGULAR

7 NAO CUMPRIMENTO DE NCIA (NOTIFICACAO DE

CONDICAO IRREGULAR DE AERONAVE

8 CVA VENCIDA
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Annex 02 - FALA.BR ticket for helicopter flight hours

Flataforma Integrada de Quvidoria e Acesso a Informacao
Detalhes da Manifestagao
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Plataforma Integrada de Cuvidoria e Acesso 3 Informacio

Detalhes da Manifestagao
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Plataforma Integrada de Quvidoria e Acesso a Informacao
Detalhes da Manifestagao
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Annex 03 — Helicopter Fuel Consumption
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Figure 20 - AW109 Fuel Consumption and speed graph (RFM AW109, 2011)
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Figure 21 — Bell 429 Fuel Consumption and speed graph (RMD 429, 2013)
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Annex 04 — Helicopter Dimensions
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Figure 22 — R22 External Dimensions (POH R22, 2020)
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Figure 23 — R44 Dimensions (POH R44, 2021)
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Figure 24 — AW109 Dimensions (RFM AW109, 2011)
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Figure 26 — AS350 Dimensions (TD AS350, 2009)
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Annex 05 — EVTOL Aircraft Images
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