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ABSTRACT

In an electric trains rail operation the energy consumption is very high. Looking for the
environment care (less energy consumption) and company costs reduction, given that
energy is one of the major costs, it is necessary to analyze the demand of passengers
and adjust the train offer considering this information. Measuring the weight of each
car in each station it is possible to estimate how many passengers there are in the
train, build the demand graph, calculate the number of passengers per square meter
and analyze in what time of the day is necessary to put or take out trains in operation,
considering the contractual occupation limits. With this it is possible to adjust the
timetable frequently, optimizing the train offer totally based on the real demand, and

consequently optimizing the energy consumption.

Key words: Train offering optimization; demand analysis; energy consumption;

passenger per square meter; timetable.



RESUMO

Em uma operacao ferroviéria de trens elétricos o consumo de energia € muito alto.
Buscando cuidar do meio ambiente (menos consumo de energia) e reduzir oS custos
da empresa, ja que o custo com energia € um dos maiores, € necessario analisar a
demanda de passageiros e ajustar a oferta de trens considerando essa informacao.
Medindo o peso de cada carro em cada estacdo € possivel estimar quantos
passageiros estdo no trem, construir o grafico de demanda, calcular o nimero de
passageiros por metro quadrado e analisar em que hora do dia é necessario inserir
ou retirar trens da operacéao, considerando os limites contratuais. Com isso é possivel
ajustar a tabela horaria com frequéncia, otimizando a oferta de trens baseado na

demanda real, e consequentemente otimizando o consumo de energia.

Palavras chave: Otimizacdo da oferta de trens; analise de demanda; consumo de

energia; passageiros por metro quadrado; tabela horaria.
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1 INTRODUCTION

In rail operations the energy consumption holds an important role in the strategy
of the company. With rising concerns related to environmental impact and the costs of
electrical energy, it is essential to optimize the energy consumption.

In 2022, the average of passengers in rail and metro rail systems in Brazil was
almost 8 millions per weekday, representing approximately 4% of the total population
of the country. It is a total of 2,3 billions per year, covering an extension of 1.129,4 km
of rails in passenger operations all over the country.

The passengers operations in Brazil normally use electric trains, therefore the
energy consumption is significative.

In this paper it will be discussed an alternative to raise the efficiency of the use
of energy in rail and metro rail passengers systems, applying the suggested model in
CCR Metr6 Bahia during the year of 2023, to verify if the results are positive.

1.1 CCR Metr6 Bahia

The operation of Metrd Bahia started in June of 2014, with 6 stations and 6 km
of extension. In the beginning of 2024 the system already counts with 22 stations and
38 km of extension in two lines. Furthermore the company is responsible for the
operation of 8 bus terminals integrated to the metro stations. Almost 370.000

passengers use the system every weekday.

Figure 1 - CCR Metrd Bahia Stations
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Source: Metro Bahia Website?!.

1 Disponivel em: <https://www.ccrmetrobahia.com.br/>. Acesso em: 06 jan. 2024.
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The system has 40 trains, supplied by Hyundai-Rotem, and the signaling system
implemented is the CBTC, provided by Siemens AG.

The PPP started in 2013, and the contract has 30 years of duration. The
company is responsible for the maintenance and operation of the system during these

years.

Figure 2 - CCR Metrd Bahia trains
by r =

Source: Metr6 Bahia (2024)2.

1.2 Goals

The goal of this project is to develop a systematic to analyze with more detail
the demand of passengers per train per day in CCR Metrd Bahia, making possible the
construction of timetables more adjusted to this demand, making the trains actually run

as necessary, reducing the consumption of electrical energy.

1.3 Brief Presentation of the Chapters

Chapter 1 introduce the Project and show a short presentation of the company
where it was developed. It brings too the goals expected.

In Chapter 2 are presented the methodologies and technologies available to
count people.

Chapter 3 describes how the project was developed, considering the
technologies and solutions available in the company.

Chapter 4 brings the results obtained during the year of 2023 with the appliance
of the project, checking if the goals were achieved or not.

In Chapter 5 the cost-benefit of project is analyzed using the SWOT
methodology.

2 Disponivel em <https://www.ccrmetrobahia.com.br/>. Acesso em: 06 jan. 2024.
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Chapter 6, based on SWOT methodology of the previous chapter, shows a risk
analysis of the project.

In Chapter 7 it is presented an improvement that is already being developed to
make the analysis of the base data automatically.

In the last Chapter, number 8, it is presented the conclusion of the project
including an idea of next step to measure other possible gains with this implementation.
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2 CONCEPT BASIS

To make possible to adjust the train offering using the real daily passenger

demand it is necessary to:

e Measure the number of passengers in each train in all trips during all the
operational hours;

e Have the demand data available to be analyzed;

e Define the limit of passenger per square meter allowed in the trains;

e Have a method to analyze and check if the train offering is adjusted to the
passenger demand;

e Have a method to build timetables that offers the possibility to change it

accordingly to the needs of the company.

The beginning of the process is the measurement of the number of passengers
in the trains. To make it possible there are different technologies available that can be
implemented in trains and even in platforms. In the following items these technologies

will be described.

2.1 Manual Passenger Counting Methodology

Historically, the data most appropriate for examining the performance of a
transit system has been obtained from manually-derived passenger ridechecks (a
ridecheck is a ride, usually on a transit bus or train, on which staff manually tabulates
the number of passenger boardings and alightings at each stop by time of day, tracks
ontime performance, and observes the operator' skills and compliance with rules and
standards). Generally, these ridechecks reveal peak passenger loads by bus/train stop

and run times on a specified route.

Experience has shown that many transit systems use labor-intensive manual
ridechecks during specific service periods to collect ridership (number of boardings
and alightings at the stop level) and operational data such as run times. Currently, this

is one of the most cost-effective data collection methods for most transit systems.

15



This manual method of collecting ridership data and system operational
information produces both limited systemwide and route specific reports due to the

amount of manual ridechecking required and the manual data processing involved.

Manual people counting, whether by paper or a handheld tally counter, is not
very accurate. Some estimates say it's inaccurate by as much as 15%, meaning staff

will count only 85% of people accurately.

2.1.1 John Fruin’s Method for Manual Passenger Counting

John Fruin's method of passenger counting is known for its simplicity and
effectiveness. Fruin, an expert in pedestrian flow analysis, proposed a manual counting

technique that involves sampling a specific area within a transportation facility.

The process typically includes the following steps:
Define Counting Zones: Identify specific areas within a transportation facility where
passenger counts are needed. These zones could be entry/exit points, platforms,
or other critical locations.
Determine Sampling Time: Select specific time intervals during which manual
counts will be conducted. The sampling should be representative of various periods
to capture fluctuations in passenger traffic.
Assign Counters: Train personnel to manually count passengers entering and
exiting the defined zones during the chosen time intervals. Fruin often
recommended using a team of observers for increased accuracy.
Compile Data: Record the counts and compile the data for analysis. This
information can be used to understand passenger flow patterns, peak travel times,

and overall demand at different locations within the facility.

While this method is manual and might be time-consuming, it offers a cost-effective
way to gather valuable data for planning and optimizing transportation facilities.
Automated methods like APC systems have become more prevalent, but Fruin's
approach remains relevant, especially in situations where advanced technology might

not be feasible or cost-effective.
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2.2 Automatic passenger counting systems

APC system is a technology used in public transportation vehicles — mostly in
trains and buses — to accurately tally the number of passengers boarding and
disembarking. Typically integrated with sensors, cameras, or other data collection
devices, APC systems can provide real-time data that helps Operators to optimize
routes, improve efficiency, and enhance overall service planning. These systems
contribute to better resource allocation and informed decision-making in the

management of public transportation networks.

The choice of APC technology depends on factors such as accuracy
requirements, cost considerations, and the specific characteristics of the transportation

environment.

2.2.1 Onboard Train Weighing Systems

In the Passenger Railway Transportation segment, some Rolling Stock can be
equipped with weighing systems to proper calculate Traction and Braking effort
demand based on the load of the vehicle, they can be called as LSD — Load Sensing
Devices.

Mostly these systems rely on devices, such as electrical Load cells, electrical
Rotary encoders, or air pressure gauges and switches on pneumatic suspension air

line.

Those weighing systems depend on data obtained from electrical or mechanical
devices installed on the vehicle floors, mainly converting a measured parameter to an
electrical signal that can then be processed by the railway systems into a mass value.

Those devices can accurately estimate the current load of the train set.

Considering the reference of 70 kg per passenger and the known mass value
for an empty train, the data acquired from these devices can be used to estimate the
number of passengers onboard the vehicle, since the only way of change the load of

a train is with passengers boarding in and alighting.
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Therefore, it is possible to gather, instantaneously or not, the data from a train

onboard weighing system and use it as an Automatic Passenger Counting System.

The concern with this type of solution is the variability of the dynamic load on
the undercarriage, suspensions or air springs, which can be overcome by measuring
the load status only at the beginning or end of stops, therefore when the vehicle is at

standstill.

2211 Suspension air pressure monitoring

Use of pressure sensor to measure the pneumatic circuit pressure and therefore
obtain the weight information of the car. Normally these types of sensors are installed
undercarriage, inside the BCU (Brake Control Unit), and can sense the mean pressure
of the car body’s weight on top of the pneumatic secondary suspension system (air

bags).

Figure 3 - Bogie suspension system dinamycs

"Secondary Suspension” =
Air Bag Levelling Valve

Weight of car hody
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Bogie Frame
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one either side of axebax

Rubber Pack
Axe Link to Bogie Frame

~
Outline of Wheel

Spring Cup,
one etther side of axebax

Adekox Damper

Source: Site Semantic Scholar3.

It is common for EMU type of Rolling Stock to be equipped with a pneumatic
suspension system mainly responsible for car’s stability in movement, levelling the car

and capable of obtaining the weight of the car for the traction and braking systems.

3 Disponivel em: <https://www.semanticscholar.org/paper/THEORETICAL-ANALYSIS-OF-TRAIN-
BOGIE-SUSPENSION-Hasan-Kumar/96f43db22df46b5c3al7b53a693c7433f34fcaba/>. Acesso em:
13 jan. 2024.
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Weight variable is obtained from certified railway pressure transducer, which
converts pressure readings to electrical signals (4-20 mA, 1-5 V, etc) and sends it to

BCE. The BCE can process the electrical signal and calculate the weight of the car.

Figure 4 - Example of P/l railway Transducer

Source: Site Baumer?.

Figure 5 - Pneumatic Brake and Suspension Circuit
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Source: Internal Documents

4 Disponivel em: <https://www.baumer.com/ch/en/product-overview/process-sensors/pressure-
measurement/railway-certified/c/14380/>. Acesso em: 13 jan. 2024.
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221.2 Onboard electro-mechanical load sensor

Typical transducers assembled undercarriage between the bogie (fixed
position) and the train chassis (position depends on passenger loading) can acquire
electrical or mechanical data, converting it to electrical signals and processing those
signals: Rotary Encoders, Load cells, Accelerometers (experimental) etc.

For instance, Rotary Encoders installed on Tramway rolling stock can convert
the angular positioning of the rotating shaft, due to the displacement of the train chassis
when loaded with passengers, to an electrical signal output of 4 — 20 mA, which then

can be processed into an incremental mass value.

Figure 6 - Alstom Citadis 402 Tram Load Sensor

Fixed to Chassis

Fixed to Bogie

Load Sensor

Source: Internal Documents

Figure 7 - Alstom Citadis 402 Tram Load Sensor - Rio de Janeiro Tramway VLT Carioca

Source: Internal Documents
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2.2.2 3D counting cameras

Automatic Passenger Counting trough 3D Stereoscopic Cameras provides real
time insights on passenger numbers per vehicle, helping operators improve operations

whilst ensuring passenger and driver safety.

Passenger numbers are collected using counting sensors in each vehicle’s
door. The counting sensors normally have two stereoscopic cameras which provide a
counting balance accuracy of 95% - 98% (depending on the manufacturer and selected
model of the APC sensor).

Those kinds of systems often rely on Atrtificial Intelligence solutions based on

image recognition, capable of precisely identifying a human’s head and counting the
“Ins and Outs” at every train or bus door.

Figure 8 - 3D Stereoscopic Camera

Source: Site Acorel®.

5 Disponivel em: <https://acorel.com/en/products-and-services/sensors-equipment/>. Acesso em: 07
jan. 2024.
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Figure 9 - 3D Counting Camera
rsQn = = &

Source: Site Rail Sensing®.

2.2.3 Optical sensors

Most modern Automatic Passanger Counting systems rely on the “Time-of-

Flight principle” as new technology.

The principle is a method for measuring the distance between a sensor and an
object, based on the time difference between the emission of a signal and its return to
the sensor, after being reflected by an object. Various types of signals (also called
carriers) can be used with the Time-of-Flight principle, the most common being sound

and light.

For range-finding and distance sensing, ToF is very powerful when emitting light
rather than sound. Compared to ultrasound, it provides far greater range, faster
readings, and greater accuracy whilst still maintaining small size, low weight and low
power consumption characteristics.

Such sensors are not prone to environmental influences like changing lighting
conditions, temperature variations and humidity in buses or trains do not affect the light
propagation time and can offer an accuracy greater than 99% in people counting.

6 Disponivel em: <https://acorel.com/en/products-and-services/sensors-equipment/>. Acesso em: 07
jan. 2024.
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Figure 10 - TOF counting sensors

* Detect multiple people
* Identify people in close proximity

* Reject static objects from detection

and false entry/exit

Source: Site Terabee’.

2.2.4 Active Infrared sensors

Beam counter sensors — also known as infrared beam counters, or IR people
counters — consist of receiver and transmitter units installed side by side at the
entrances. When the transmission signal is blocked due to an object obstruction, a

count occurs.

Beam sensors have some downsides; For example, they don’t provide in & out
numbers separately since they have no sense of direction. Also, beam counter sensors
aren’'t the most accurate since side-by-side objects are counted as one, and the

accuracy decreases as the door width increases.

Most AIRs are bidirectional and are typically installed on one or both sides of a

doorway.

7 Disponivel em: <https://www.terabee.com/shop/people-counting/terabee-people-counting-I/>. Acesso
em: 07 jan. 2024.
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Figure 11 - IR Beam on bus door
= e T -

Source: Site Intelligent transport®

2.2.5 Treadle mat sensor

Placed on the steps of a bus, a tram or a train, Treadle or sensing mats, register
passengers as they step on a mat. The counting system uses treadle mats located in
proximity of the vehicle gates, typically on the access steps.

These Mats use field-proven ribbon switch technology. They operate as
normally open switches and can be used to control relays, lights, or alarms from a low
voltage source. Can also function as hidden switches when placed under carpeting or
matting.

It's also used as safety sensor, for instance, blocking the door closure when
actuated.

If the public transport line equipped with this kind of APC is always very
crowded, the errors can be relevant and — in such cases — the use of different means,
may be preferable. On the other hand, if there’s a slower passenger flow, possibly in
“single row”, the devices can be very precise reaching over 95% accuracy in optimum

conditions of use.

8 Disponivel em: < https://www.intelligenttransport.com/transport-articles/3116/automatic-passenger-
counting-systems-for-public-transport/>. Acesso em: 07 jan. 2024.
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Figure 12 - Sensing Mat

Source: Site Tapeswitch®.

Figure 13 - Treadle Mat installation

Source: Site Intelligent Transport©.

° Disponivel em: <https://www.tapeswitch.com/mats/cvp.html/>. Acesso em: 07 jan. 2024.
10 Disponivel em: < https://www.intelligenttransport.com/transport-articles/3116/automatic-passenger-
counting-systems-for-public-transport/>. Acesso em: 07 jan. 2024.
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3 SOLUTION DEVELOPMENT

In many stations in Metr6 Bahia the scalators are in the extremity of platforms.
This causes an effect that most passengers tend to stay in the first and last cars of the

train. So the middle cars normally were less crowded than the other ones.

In 2021 a project was started to be implemented in every platform with monitors
showing to passengers the level of crowdedness of each car of the train. To develop
this the Engineering team used the information that was available in the trains, that is
the weight of the cars using the air suspension system monitoring, that could be send
to the data servers through the signaling system. So they developed an application to
read these real time data, interpretate and transform it into information to the
passengers using the platforms monitors. Another information that is showed to the
passengers is the amount of time to next train arrival. The system implemented was

called “Proximo Trem”, or “Next Train” in a loose translation.

Figure 14 - "Proximo Trem" board

15/02/2021

%Mg,é PROXIMO EMBARQUE EM:

'~ SEGUINTE LINHA Y
= [ 03:17 | LiNHA 2

LOTACAO DO PROXIMO TREM:

———— e
ITE A FAIXA AMARELA - PARA EMBA

Source: Internal Documents.
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Figure 15 - "Proximo Trem" platform monitor

Source: Internal Documents.

3.1 Technology chosen solution

3.1.1 Solution’s Architecture

The load capacity (empty and loaded) of the Rolling Stock is a known variable

since it's a parameter provided by the manufacturer.

Figure 16 - Trains Car weight (number of passengers)
UNIDADE - TONELADA PASSAGEIROS (XXX)

MC1 M1 M2 MC2 TOTAL

AWOD: Peso 42.30 41.60 41.60 42.30 167.80
Tara

AW3: AWO+ | 64.50 64.30 64.30 64.50 257.60
8 pass./m? (311) (318) (318) (311) (1,258)

AW4: AWO+ | 69.20 69.00 69.90 69.20 276.40
10 pass./m? (377) (384) (384) (377) (1,522)

Source: Internal Documents
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Passenger’s weight data is continuously sensed by the undercarriage pressure
sensor at the BCU, which sends the electrical sign to the BCE, then processing the
electrical sign and converting it to the weight of the car value. The rolling stock onboard
Data Bus System collects the weight variable of each car. The onboard control unit,
rolling stock embedded equipment responsible to communicate with the signalling
system (CBTC), sends the weight of each car to the ground.

Siemens Wayside Control Unit, by using antennas alongside the tracks can
receive all the necessary information coming from the running trains, included the

weight of each car. All the data is stored in the signaling systems database servers.

The CCR team has developed a platform application to consult all the data from
the trains stored at Siemens servers. The platform is called Metabase and can display
and treat the weight variable of each train car. By knowing the online weight of the car
and the weight of an empty car and having the reference of 70 kg per passenger, it is

possible to estimate the number of passengers for each car, in real time.

Finally, the data of Metabase treated data is the source for the implementation

of two solutions:

“‘Préximo Trem” Project: Screens alongside the station’s platforms display the

remaining time for the next train to come and also its currently occupation by car.

“POT” Project: Variable Train Offering Program using the weight of the trains to
analyze the Demand.
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Figure 17 - "POT" and "Préximo Trem" solutions architecture

Real time Train's

e Occupation at Stations
Metabase...... =
-
Timetable developed based
? VARIABLE TRAIN on weight data rr:istory of
OFFERING TS
|
|
-
WCU_TTS =
— SIEMENS. ‘
— — — ) -
[ ] [ ) [ ) WCU  |Wayside Control Unit

TTS | Train Track Database Server

OBCU  |Onboard Control Unit

DBS Data Bus System

BCE Brake Control Electronics

BCU Brake Controle Unit

Source: Internal Documents

3.1.2 Counting the number of passengers

As shown in “Préximo Trem” system the Engineering team had already
developed a way to measure the occupation of each train’s car in this project. So, the
first step to the variable train offering program was already done. It wasn’t necessary
to develop another system to generate these data because they were already available
in a server.

Metré Bahia trains have 500 kg accuracy to do this measurement. To this project
it was considered that each person in the train have an average weight of 70 kg. So
the accuracy for this project is around 7 passengers.

Considering that the average maximum number of passengers in each car is

250, the error tolerance in the measurement is 2,8%.
3.1.3 Building the timetable

To build the timetables the signaling system implemented in Metré Bahia has a
native software to it. The Falko software allows the configuration of the operation

parameters like dwell time, headways, loops, and then the timetable is automatically
build.
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Figure 18 - Falko software (main window

A A0

o— T
o \3‘%\“%\“‘\‘“‘ w%
= \,\\\}M\&\\\\‘\\\\\\\,\\\
AN

Source: Internal Documents.

Figure 19 - Graphic timetable

Source: Internal Documents.
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3.2 Definition of the maximum passenger per square meter

In CCR Metré Bahia contract there is a maximum defined limit of passengers
per square meter in the trains, that is 6. Considering that it is possible to have
occurrences in the system that cause delays in the trains, the project needs to consider
that this limit is lower than 6 passengers per square meter, because with the delays
the trains will become crowder. So the maximum limits to project the timetables were
defined nearly 5 passengers per square meter.

Another important definition of this project is that the contract defines de
maximum headway allowed, that is 10 minutes. So, even if the demand analyzes
shows that is possible to implement a headway greater than 10 minutes, this maximum

headway is kept.
3.3 Method to analyze the train offering x passenger demand

With the data generated by each train the Engineering team developed an Excel
dashboard that get these and plot in a dynamic graph to make possible to analyze if
the train offering program, named POT, is according with the passengers demand. It
is possible to analyze the train occupation in each platform.

Figure 20 - Occupations in Line 1in 23/11/30, in BNC station, platform 2
OCUPACOES DOS TRENS - 30/11/2023 - QUINTA-FEIRA e meewnec

Passageiros em pé&/m?, por trem, por trecho

Source: Internal Documents.
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Figure 21 - Occu

g 2 8
S & g
4 B E

pations in Line 1in 23/11/30, in BNC station, platform 2 (zoom

17:26:42
17:47:18

Source:

18:35:02
18:41:53
18:55:46

Internal Documents.

19:14:43

19:26:14
19:35:23

in the figure)

Another information given by this sheet is the highest occupation in peak hours,

at what time that happened and in which train this occurred. With this it can be analyzed

if some high occupation was caused by an specific occurrence in the line.

Table 1 - Highest occupations in Line 1 in 23/11/30, from LPA to PRJ

PRI-LPA
Ocupagdo
RANKING Pass. em pé/m?
1 5,26
2 ThilE
3 5,15
4 4,93
5 4,93
6 4,82
7 4,82
8 4,82
9 4,71
10 4711
1 4,71
12 4,60
13 4,60
14 4,60
15 4,60

Quantidade de
Passageiros
859
885
B85
836
836
241
241
241
827
827
827
812
812
812
812

Trecho-Sentido

L1: Acesso Norte P1
Bonoco P1
Retiro P1

L1: Acesso Norte P1
Retiro P1

L1: Acesso Norte P1

L1: Acesso Norte P1
Retiro P1
Bonoco P1

L1: Acesso Norte P1
Retiro P1
Bonoco P1
Bonoco P1
Bonoco P1
Retiro P1

Sentido Pirajd >> Lapa

Horario registrado Trem
07:32:18 Bravo 30
07:34:53 Bravo 30
06:24:26 Bravo 22
07:52:46 Bravo 12
07:32:34 Bravo 17
06:27:39 Bravo 22
07:35:42 Bravo 17
07:29:09 Bravo 30
07:55:23 Bravo 12
07:28:52 Alfa 6
07:35:57 Bravo 4
06:30:04 Bravo 22
07:17:50 Bravo 12
07:38:20 Bravo 17
06:15:06 Bravo 30

Source: Internal Documents.

Intervalo
realizado

00:03:26
00:03:23
00:05:40
00:03:21
00:03:25
00:05:58
00:03:24
00:03:28
00:03:23
00:03:23
00:03:23
00:06:02
00:03:21
00:03:27
00:05:44

Atrasado?
(Intervalo+10%)
"mm:ss"

atrasado em 01:50

atrasado em 01:08

atrasado em 02:12

atrasado em 01:54

Intervalo
planejado
00:03:25
00:03:25
00:03:50
00:03:25
00:03:25
00:04:50
00:03:25
00:03:25
00:03:25
00:03:25
00:03:25
00:03:50
00:03:25
00:03:25
00:03:50

With all these information a multidisciplinary team make a weekly meeting to

discuss the next week steps based on the previous week data. Beyond these is

analyzed too if in the next week some different demand behavior is expected based in

the historical data or public information received. In this meeting is decided if the

timetable needs to be changed or not.
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4 RESULTS ANALYSIS

The implementation of the project started in the beginning of 2023. Over the
respective year a lot of lessons have been learned, like the expected behavior of the
demand on each line per period of the year, and even the behavior in each weekday.
In some months of the year, for example, the demand profile on Mondays and Fridays
was different from the other weekdays. So the timetable during these days were
different too.

The main goal of the project was defined to a reduction of R$ 4 million in the
cost of energy in 2023, resulting in 18% less energy consumption. Besides, the
contractual occupation limits should be respected.

Along the year of 2023 the results of the project were being determined, and
they will be showed in the following items.

4.1 Average train occupation

The average occupation of the trains should be lower than the contractual limit,
that is 6 passengers per square meter. In a day that the headway in a period of time,
mainly in peak hour, increased because an occurrence on the line, the occupation was
over the limit in some train, but it just happens in specific cases.

Analyzing the entire year, considering the average per month in weekdays, it is

possible to see that the result was positive.

Graph 1 - Average passenger per square meter occupation in weekdays

Ocupacio média maxima mensal dos trens - Dias Uteis Tipicos 2023 (pass. em pé/m?)

jan/23 fev/23 mar/23 abr/23 mai/23 jun/23 jul/23 ago/23 setf23 out/23 nov/23 dez/23

4,06
5,06
4,64
4,51
4,28
4,55
4,62
4,64
4,92
5,57
4,59
5,46
4,59
5,46
4,92
5,46

_— | NHA T | INHA 2 LINHA 1 - PROJETADO LINHA 2 - PROJETADO —— LIMITE CONTRATUAL

Source: Internal Documents.
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From April to June the results were different from the other months due to some
tests that were being done in the lines to understand and check other operation
parameters. And more trains were circulating on the lines.

In the last months the result is much more stable. This shows that the team
involved in this project is becoming more experienced with it and can be more precise

in the weekly decisions.

4.2 Energy cost and consumption

The variation on energy cost and consumption were defined considering an
average cost per trip in each line, based on some studies and train measurements
done by the Engineering and Maintenance team, and the number of trips that were
suppressed by the new timetables when compared to the number of trips that were
planned in 2022 to be done in 2023.

This type of calculation was necessary because the trains don’t have individual
energy consumption meter, and some parameters could change the results, like the

non operational trips that were not measured to do the planning.

Graph 2 - Traction energy consumption

Consumo de Energia em Tragdo - 2023 (kW/h)

7.000.000,0

5.901.850,0

6.000.000,0
4.901.440,0
5.000.000,0 ﬁ/\/‘v—-——
4.591.130,0
4.000.000,0
4.539.147,5
3.000.000,0

2.000.000,0

1.000.000,0

jan/23 fev/23 mar/23 abr/23 maif23 jun/23 jul/23 ago/23 set/23 out/23 nov/23 dez/23

Consumo Realizado - Tragdo ==@==Consumo Or¢ado - Tragdo

==@==Consumo estimado Meta - Tragdo Consumo Orgado - Tragdo Sem Tramo 3

Source: Internal Documents.
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The green line in the graph represents the estimated consumption per month
but not considering the two new stations of line 1. The blue line in the graph represents
the consumption planned when these both stations were operating. The full operation
of them began in January of 2024, but some circulations were already being done since
2023, and even with this, due to this project, the real traction energy consumption,
represented by the orange line was below of the planned one. At the time that this
paper is being written the consumption of November and December are only estimated
because there is a lag of the energy Concessionaire to issue the energy bill.

The red line represents the project energy consumption goal. The only month
that it was not achieved was in June. Due to the school holidays in Bahia it was planned
a great reduction of the trains in operation. But it didn’t happen because of some
operational tests that the company was doing until that month.

Considering that the energy consumption was lower than the planned, it can be
presumed that the energy cost was lower too.

Graph 3 - Traction energy cost

Custo com Energia em Tragdo - 2023 (RS)

R$3.500.000,00
R$3.028.184,26

R$3.000.000,00
R$2.500.000,00

RS 2.514.883,21
R$2.000.000,00

. —

R$1.500.000,00 .\/_’-‘\f o

R$1.520.957,13
R$1.000.000,00

R$500.000,00

RS-
jan/23 fev/23 mar/23 abr/23 mai/23 jun/23 jul/23 agof23 set/23 out/23 nov/23 dez/23

== CORCADO AJUSTADO 2023 REALIZADO ==@==TENDENCIA Custo Orgado - Tragdo Sem Tramo 3

Source: Internal Documents.
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The green line represents the estimated cost per month but not considering the
two new stations of line 1. The blue line in the graph represents the cost planned when
these both stations were operating. The orange line represent the real cost, and it can
be seeing that in all months of the year the cost was below of the planned one.

A conservative estimation of savings in traction energy in 2023 is R$ 4,36
million, being 9% above the initial project goal.

The following graph shows the accumulated savings over the year, and the

green bar in December represents the estimated total savings in 2023.

Graph 4 - Traction energy savings

Reducdo no Custo com Energia em Tragdo - 2023 (RS 1.000,00)
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Source: Internal Documents.
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5 COST-BENEFIT ANALYSIS

A cost-benefit analysis (CBA) is the process of comparing the projected or
estimated costs and benefits (or opportunities) associated with a project decision to
determine whether it makes sense from a business perspective. Generally speaking,
cost-benefit analysis involves tallying up all costs of a project or decision and
subtracting that amount from the total projected benefits of the project or decision.
Stobierski, Tim, 2019.

To carry out a CBA, an important tool to be used is the SWOT analysis. SWOT
Analysis is an analysis method used to evaluate the Strengths, Weaknesses,
Opportunities and Threats involved in an organization, a plan, a project, a program, a
person or any kind of business activities. SWOT Analysis is the most commonly used
strategic planning tool to access the Internal and External factors of any organization.
This is considered as an effective framework plan and mange the organizational
resource to achieve certain goals in a specific period of time To carry out a CBA, an
important tool to be used is the SWOT analysis (WILDAUER, 2012).

To facilitate the implementation of this project, a SWOT analysis was carried out,
thus making the gains that the project would bring to Metr6 Bahia more visible. Below
is the Table 04 with the developed SWOT matrix.

Table 2 — Strengths and Weaknesses

INTERMAL STRENGTHS w INTERMAL WEAKNESS5ES

Cost Reduction / Saving Increase of the manually work

Increased fime spent by enginesring and
programming teams

Az it B embedded elecironics, soms
ESG applied (Energy consumption saving) squipment must be replaced over ime due to s
useful life or ocbsalescence

Bvailsbility of the information on the scresn, in
case of TV issues of embeddsd eguipment.,

laintenance Reduction (at frains and tracks)

B W ON -

The collecied dats already sdsts

Imiprovement in the platiorm flow. dus to the

5 arpanization [behawvior) and prepsration of the

customer in knowing when the train is arriving,
and which car is the emptiest.

Spent time by fraining maintznance tesm if
you must  change any  equipment  or
Technologies st this Praject.

6 Elernienis that confribute to a more sficient
and comfortable experience of the costumer

Source: Internal Documents.
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Table 3 — External Oportunities and Threats

EXTERNAL OPPORTUNITIES

EXTERNAL THREATS

B W N =

Development of new technologies

Help Rail Market to reduce the effects of ESG

Develop a real fime APF to view all these
information on the personal cellphone

Opportunities in carrying out this development
for internal components or other systems

Incorporate  external data, such as local
events, Weather conditions and traffic events to
adjust  forecast and improve  system
responsivensss

Sound Messages of this systems for the
hearing impaired have the same information
and experience

Increase CAPEX to obtain new technologies

2

It can become an obligation with the
overnment (carbon reduction policy)

Source: Internal Documents.
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6 RISK ANALYSIS

Risk analysis is the process of identifying and analyzing potential issues that could
negatively impact key business initiatives or projects. This process is done to help
organizations avoid or mitigate those risks.

To understand the risks that this Project are exposed, a SWOT analysis was
provided, although a SWOT analysis may prove to be a launching point for further
discussion, risk analysis often addresses a specific question while SWOT analysis are
often broader. Some risks may be listed on both, but a risk analysis should be more
specific when trying to address a specific problem, however its presented below a Risk
Matrix with the study of the threats identified at SWOT analysis.

Table 4 - Main points of risk analysis

Increase CAPEX to obtain new technologies

It can become an obligation with the Government (carbon reduction policy)

Source: Internal Documents.

Table 5 — Risk Matrix

RISKS || ToraL

.'d 3-Severe 0 0 Moderate
©
Q.
Unlikely Possible Probable High Probable
TOTAL=2

Probability

Source: Internal Documents.
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7

PROJECT PLAN

The project was implemented in the beginning of 2023 in Metrd Bahia. During

the respective year the results could be measured and analyzed. The process will be

continued.

However more steps can be taken to improve the process. The main

development planned for the year of 2024 is a tool that provides an analyze

optimization of the data.

Every day almost 9000 lines in an Excel sheet is generated by the system. This

must be treated using Excel formulas. So it is necessary a lot of human work to do this.

568
583
570
571
572
573
574
575
576
577
578
579
520
531
582
583
584
525
586
57
588
583
530
531
552
553
554
53
53

tmestamp |~ | estasan

W30/2309:22:00 Retira
TH30/23 09:16:30 Retia
TW3Z3 09:10:48 Retire
30123 09:06:09 Retie
TW3A2Z3 03.0125 Retie
TW3Z3 08:56:15 Retire
TWA0IZ3 05:5125 Retia
N30/2308:46:38 Retira
W30/23 08:4154 Retira
H30/23 08:36:55 Retira
H30/23 08:33.08 Retira
TH30/Z3 08:2316 Retio
TH30/23 08:25:31 Retire
TW3IZ3 08:2155 Retiro
TW3I2Z3 08:17:47 Retio
TN3NZ3 08:13:52 Retire
THNZ3 08:10:05 Retire
N30/23 08:06:40 Retira
W30/2308:03:37 Retira
W30/2308:00:54 Retira
W30/2307:57:28 Retira
H30/2307:53.08 Retira
TH30/2307:43:35 Retira
TW3Z3 07,4610 Retio
INI0N2307:42:47 Retie
IN30I2307:39:20 Retie
INFOIZZ 073557 Retira
W30/2307:32:34 Retira
W30/2307:23:09 Retira

=i~ | 7 vem

1 TRAIN_230
1 TRAIN_231
1 TRAIN_215
1 TRAIN_213
1 TRAIN_105
1 TRAIN_ 222
1 TRAIN_20d
1 TRAIN_108
1 TRAIN_Z50
1 TRAIN_231
1 TRAIN_215
1 TRAIN_212
1 TRAIN_213
1 TRAIN_105
1 TRAIN 222
1 TRAIN_204
1 TRAIN_Z17
1 TRAIN_Z50
1 TRAIN_108
1 TRAIN_103
1 TRAIN_231
1 TRAIN_215
1 TRAIN_212
1 TRAIN_213
1 TRAIN_105
1 TRAIN 222
1 TRAIN_204
1 TRAIN_Z17
1 TRAIN_Z50

peso_

Figure 22 - Example of the generated data

peso ™ |peso_ ~ | peso ™ | pesa_t ~ | pesol ™
166 302023 03:22.00 035 1 Eravo 30 20 Fletivo P1

6 45 50 B 17 302023 036:30 035 1Bavadl | 22 31 Feetivo P1
45 48 43 w17 30MN2023  09:10.48 0300 1Bavets | 21 305 Fietivo P1
45 48 50 LTI 30MM2023  03:06.09 0300 1Bevets 24 348 Fletivo P1
43 45 47 w1 302023 030125 0300 1 #lfas 12 4 Fletivo P1
45 43 50 B3 18 30MNZ02E  0BSE5 0695 1Brawozz | 23 334 Fletito P1
43 o 54 202 A7 I0MIZ0ZE 085125 D84S 1Brawod | 32 464 Ristito P1
43 55 58 6 193 FOML0ZE 08:46:36 084S 1 alfa b 23 T34 Fstito P1
43 52 53 203 167 30MIZ0ZE 084154 08:30 1Bmwo30 36 522 Rletito P1
48 50 52 188 168 302023 06:36.55 06:90 1Bmvedl | 32 464 Fletivo P1
48 43 53 183 166 302023 06:33.08 06:30 1Bmavats | 33 473 Fletivo P1
48 50 50 L 30023 082316 0615 1Bavatz | 30 435 Feetivo P1
47 43 51 ) 30023 082531 065 1Bravets | 29 az1 Fistivo P1
3 52 52 23 1 302023 0B:21E5 0615 1 Alfas L) 433 Fietivo P1
50 53 54 207 166 302023 0BATAT 0615 1Beve2z | 41 535 Fletivo P1
43 51 52 183 169 30MNZ0ZE 081352 0600 1Bawed 30 435 Fletito P1
47 50 50 134 185 30MNZ02E 08005 0600 1Brawetl | 28 408 Fletito P1
43 52 51 202 167 0023 08:05:40 08:00 1Brawo30 35 s08 Rstito P1
43 56 ] FEC I0MIZ0ZE 08:03:37 0800 1 Alfak 35 s08 Rletito P1
43 52 56 206 178 30MIZ0ZE 08:00:54 08:00 1 Alfa3 28 408 Retito P1
51 55 55 2n 18 30MIZ0Z3 075728 0745 1Bmwadl | 43 624 Fletivo P1
51 52 55 z2 167 302023 0T:53.08 0745 1Bavals | 45 653 Feetivo P1
53 55 57 220 166 302023 074935 0745 1Bavatz | 54 83 Feetivo P1
52 55 55 ELI ) 30MN2023 074610 0745 1Bravet3 | 43 il Fietivo P1
3 53 52 24 10 302023 074247 0730 1 Alfas ET) 433 Fletivo P1
52 5¢ 55 23 1 302023 0T:39.20 0730 1Breve2z | 47 682 Fletivo P1
£ 57 0 221 1 30MNZ0ZE 073557 0730 1Brawed | 57 827 Fletito P1
3 6 58 225 166 M2 07:32:34 07:30 1Brawot? | 59 856 Rstito P1
S5 8 57 225 167 I0MI0ZE 07:23.09 07 1Brawo30 | 58 a1 Rstito P1

Source: Internal Documents.

M vara Blnora B raixa ol Ol Trem B AR passace B es1ald oroell
230

1l
5
5
5
5
5
S
s
5
3
5
5
5
5
5
5
S
S
5
3
3
5
5
5
5
5
5
S
5
5

0.66
0.88
077
110
0.00
033
137
0,339
24
197
208
175
165
2.1
295
175
153
230
230
153
an
333
437
383
21
361
4.70
4,92
4,80

B e conBdl
6.00

6.00
6,00
6,00
6,00
£.00
6,00
6,00
6,00
6,00
600
6.00
6,00
6,00
6,00
£.00
£.00
6,00
6,00
6,00
6,00
6.00
6.00
6,00
6,00
6,00
£.00
6,00
6,00

The idea with the mentioned tool is to have some application that can do the

analysis in an automatic way. The engineering team is responsible for this

development and the expectation is to have the product to test in July of 2024.
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8 CONCLUSION

For the Variable POT Project developed in Metrd Bahia the goal was to have a
systematic to make possible to analyze the demand in each train to have more efficient
timetables, reducing the consumption of electrical energy in traction. Like described on
Chapter 3 the team developed a methodology and an Excel tool that is possible to
analyze the demand comparing with the train supply per hour of the day, and finely
adjust the number of trains in operation.

Furthermore, like shown on Chapter 4, comparing the planned amount of energy
to be consumed in 2023 with the real consumption in the same year after applying the
project, It is possible to see that the company had a great amount of savings on it. The
goal of the project was to save R$ 4 millions with the traction energy cost, and the
calculated reduction was estimated in R$ 4,3 millions. So the goal of the project was
achieved.

At the first chapters some possible technologies for the occupation
measurement were shown. So, for each type of trains or operations the project can be
adapted. The most important data for the project is how many passengers there are in
the trains, in each local. So if a company can obtain these data, the concepts shown
in this paper can be directly applied to the respective company. The project is already
been applied in another lines operated by CCR Group.

For the next step, beyond the idea described on Chapter 7, it can be analyzed
the impact on maintenance costs that this project can produce. With less kilometers
circulated, less train maintenance will be need. So the reducing in the costs of
maintenance is directly related to this project. With this the total gains would be

possible to be calculated with the implementation of these concepts.
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