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“Initiatives for the Future”

Autonomous Buses Electric Buses
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Introduction of Electric Buses

* In 2017, starting considering introduction

* In 2018, inspection visit to the BYD Head Office in Shenzhen, China
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Electric Bus Initiative Operation Start in Dec.2021
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As of March 2021
There are 160 reports in
Japanese, 450 in Chinese,
400 in English and 100 in
French !
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Introduction of E-Buses (in 2021)

KN !
BlOSTILE
PROJECT

P

NABLE RN

ELOPMEN T (38 ¢/

S g,

X 4vehicles

Copyright©2023 KEIHAN BUS Group All Rights Reserved.




Introduction of E—Buses

B Outline of E-Buses

Balancing environmental issues [Vehicles] J6 small electric bus manufactured by BWD Japan Co.
[Number of buses] 4

with economic efficiency [Responsible Office] Keihan Bus Rakunan Office (Fushimi-ku, Kyoto)

(DEnvironmental Issues \‘\\ py “U

CO2 emissions reduced by 38. 8t per vehicle
(4vehicles, total 155.2t reduction)

KEIHAN
BIOSTYLE

@2Economic Efficiency
Per vehicle per year

Reduced Energy costs: Approx. 1 Million Yen

Reduced Maintenance costs: Approx 0.82 Million Yen

tttttt

Comparison of energy costs between electric and diesel (theoretical value)
E-bus 0.4 Million Yen
Diesel engine bus 1,43 Million Yen
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Introduction of E—buses

Charge Management
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Introduction of electric buses

10 BEEFE=E
Cruising distance and estimated power consumption by vehicle block diagram
Ers=h T EF S5 FEITATY 2-IVEF FEAL IR SR B
6 B 1265 1865 220F
AT 2 HNEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EV1 FS8001 +HE1S =5 O Sl 41.2 km 59.5 km 30.9 km 131.6 km
B 1555= BZ=E&ET (%) 32.0% 46.0% 24.0%
6 B 1205 185 2205
SEATRY 2 LT T T FPTT T PP [ [ ]
EvVZ2 FE002 LT HEIG9 == L EEEE 30.9 km 30.9 km 30.9 km 92.7 km
#HwH1595= BZ&iEETE (%) 24.0% 24.0% 24.0%
6 B 1265 1865 220F
AT 2 T FEETTTEE L EPTTTE ECTE L
EV3 FE003 THEE1ILRL === AL BE EE 30.9 km 30.9 km 30.9 km 16.6 km 109.3 km
FH154==E= B E&EE (%) 24.0% 24.0% 24.0% 13.0%
6 B 1205 1865 220
TR 2o [T T T T T T T T T T T T T I T T T I T T
EvV4 Fg004 +HEE152 2= SR St 23.3 km 30.9 km 30.9 km 40.8 km 125.9 km
#H1515= BEZEEED(%) 18.0% 24.0% 24.0% 32.0%

From the guideline (according to test run data)
How many kilometres can you travel per 1 % of power consumption? .... 1.3km/%
What percentage is consumed per 1km of cruising distance?

... 0.8%/km
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Introduction of E—buses

Projected energy cost savings per year, calculated from

actual values for 4 vehicles i, 1 1 1 | 5 88 Fq

When applied to 600vehicles, savings per year will be

616,738,200 CO2 -23,280t
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Introduction of E—buses

* In 2017, starting considering introduction

* In 2018, inspection visit to BYD Office in Shenzhen, China
* In 2021, introduction of 4 small e-buses

* In 2022, introduction of 5 large e-buses

* In 2023, introduction of 5 large e-buses (10 buses at same office)

Future plans include, among others, the introduction of strategic
energy management
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Introduction of E—buses

Cooperation Agreement with Hirakata City

A partnership agreement was signed with Hirakata City to reach “virtually

zero carbon dioxide emissions by 2050”

(Cooperation items:)
- The use of E-buses.

* The promotion of energy conservation and renewable energy.
* The promotion of the use of Public Transportation.

* Other issues relating to the promotion of practically zero
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carbon dioxide emissions.
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Five large e-buses to be used for the Osaka World Expo in 2025
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AV-Bus Initiative (June 2018 Agreement with Otsu City, on

the application of autonomous driving)

. cTrEB 235 A . @
KEMHAN X W27 with TUNISYS

'A’t@f’cift')ﬂ SEBERE) 0.1 AV-Bus Application Project Members
Uno, N. Kyoto U., Professor
Suda, Y. Tokyo U., Professor
Suzuki. K President and Representative
! Director, Keihan Bus Co.
Okubo, S. Keihan Bus Co.
Nagashima, N. Director, Nihon Unisys, Ltd
Otsu City, Police, MLIT, METI, Shiga Prefecture,
etc.
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AV-Bus Initiative (Road—side implementation)

L evel crossings Traffic lights
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AV—-Bus Initiative (Safety Enhancement with Magnetic Markers)

Instal led magnetic markers along the section from the Owanohama 1-chome
Intersection to the entrance of Biwako Otsu Prince Hotel, where GPS
reception was poor (1,353 markers in total for the round trip)
»:Both the installation and maintenance costs are high

Copyright©2023 KEIHAN BUS Group All Rights Reserved. 16




AV-Bus Initiative (Cost Reduction, Safety Enhancement)

Line Trace Paint

- Special Paint is applied on the road so that the LiDAR system can recognise its own position.
- Almost the entire route, except for the central boulevard, is painted to prevent deviations
from the running route.

- Short construction period and low cost compared to magnetic markers

Target line checked by drivers’ eyes Target line checked by the sensor

Copyright©2023 KEIHAN BUS Group All Rights Reserved. 17
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AV—-Bus initiative
(Cashless payment by NFC—tags/smartphones)

ATF—p P T & ;
HELAR RS ]

FRE 10M

ATIRAT LR
# ol - P iMER
/o T T f 3 o ~ l -

Ot

SRR A\ L e

4

Eus Tlokes

XA R

3 1

O 0
<D ST
FAE A VoA AW e

& 3 Y \ .‘ \ AN A b ” \‘ ‘ W' ¢ “’ !

PR

Copyright©2023 KEIHAN BUS Group All Rights Reserved.



AV-Bus initiative (In—bus monitoring)

Installation of cameras to assist passenger monitoring,
Verification of the availability of a notification system for passenger feature information

(i.e. whether a passenger is likely to fall over)
.In-bus monitors
Camera
O\-\\\ Original criteria /(Conduotors)
|' e . _ data utilization
| Risk of falling over ————
| local revitalisation

— . ~
- = I

|
Risk

Toeunk Potation index

'\ Estimating dynamic balance capacity of
passengers from theri riding behaviour.

I )
Incline forward index

|
Double Stance index

original technology

>¢Image taken on a chartered bus. Ethical Review (No.0066), Aisin Seiki Co.
Copyright©2023 KEIHAN BUS Group All Rights Reserved.
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Introduction of AV E—buses

February 2023

Implemented
autonomous driving
on E-buses

(one month trial)

Copyright©2023 KEIHAN BUS Group All Rights Reserved. 20




Introduction of AV E-bus experiment
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AV-bus initiative (2025 Osaka World Expo)

LKElHAN HEEERRFEEREETN—b (1x—)

‘}\ -
>

- ¥J12.0Km o
[;‘(W?ﬂ’/ A FRARES W XEANSS J

0, ERLENL~VUL4flY (BBICD U TFURE) TETYSER

'vélﬂﬁi't HBLTER L IREEMT SAETHIH.
@ O, RS WRIIRE

FHETICT ~RMEACRICOUVTIE, LNV

EIEERMEAO

AEG N9

Copyright©2023 KEIHAN BUS Group All Rights Reserved. 22
e e



AV-bus initiative (2025 Osaka World Expo)
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“Initiatives for the Future”

AV—-Buses

Measures Against Driver Measures to Promote Measures to Reduce
Shortage Bus Usage CO2 and costs
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Simulation of introduction assuming electric buses only

B The conversion of buses to EVs is expected to be phased in over the useful life of the buses,

with the goal of stopping diesel vehicle sales by 2035.

B The following is an image of the EV bus introduction plan for a bus operator with 400 buses

B Assuming a useful life of 20 years for the buses and 20 new buses per year.

400 & & & & L

350

300

250

351

200 396 391 385 378 370 3611

150

280 230

100 190 210

170
180
194 180

50 n 8% ®
49 60
o 4 @ 18

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
EVEASRRET T4 —ILELGE -e=EVAEX
Copyright©2023 KEIHAN BUS Group All Rights Reserved.
- BEEEEEOEOEGERERERERSY

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

25



Benefits/challenges/solutions of introducing electric buses from an energy and
mobility perspective

E-bus
Introduction

[
3 :]]

NAallenaecs
. w._"," ClIyto

Disaster Utilization

Increasing basic
electricity prices

Improvement of
renewable energy ratio

Fuel cost reduction
(electricity < gasoline)

Zero Emission

Low noise and vibration
Comfortable ride

Avoid waiting for
recharging

Having Sufficient
Range

Charging Facilities
Installation Space

Selection of feasible
routes

vehicles)

Initial costs (electrical work, charging facilities,

Solution

Consumption Reduction

Maximising Utilization

Disaster Utilization

E-Bus Charging Management

Renewable Energy
MenuUtilization / Offset

Reduction of purchased
electricity by PPA

Shared Charger
Activation (public active)

~
E-Bus monitoring/control
Coordinated operations management
Simulation of E-Bus Introduction
4
Shared Charger
Provision(General Open)

Copyright©2023 KEIHAN BUS Group All Rights Reserved.
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Steps to widely introduce E-buses

B EV buses are expected to be introduced in phases, but each STEP has different issues, and the needed

solutions will differ

E-Bus Intro.

Steps

Charging
Facilities

Assumed

Needs

STEP1 : #JHAE A ESPE

STEP2 : B A {EHEES[E

STEP3 : EV/\R{E#

* Introduced on one route
* EV buses: = 5

» Expansion to multiple routes
of one “office”
* EV Buses: =40

* Deployment across multiple
“offices”
* EV Buses: > 100

* Ratio E-Bus to Charger1 : 1
* No major electrical work
required

* E-Bus Number > Chargers

» Expanded use of Renewable
Energy

« Utilization of Storage Batteries

« Utilization of off-site charging
* Flexible Use of renewable
energy (off-site use)

Basic electricity rate suppression

Reduction of electricity metered
charges (DR, étc.)

VPP (Full-scale market utilization)

Fuel Cost Reduction Effectiveness
Verification

Peak shifting by storage batteries

Off-site PPA utilization

Remote charging instructions (fixed)

Energy Management Linkage

Utilization of new charging methods

Acquisition of basic data on electricity
costs, etc.

Simulation of E-Bus Introduction

Vehicle Data Realistic Linkage

E-Bus status monitoring

Electricity cost verification for different
routes

Utilization of shared chargers

Copyright©2023

KEIHAN BUS Group All Rights Reserved.
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Image of basic rate suppression through E-Bus charging management

Assumed Environment: 5 E-buses, 5 Chargers Basic E-Bus Information BYD K8: 81 passengers
Contracted Power before
m introduction of E-Buses: 40kW Range 220km From BYD catalog
Battery Capacity |287kWh From BYD catalog
Elec. Consump. 0.77km/kWh [Range]/[Battery capacity]
Av. Distance 100km/H Assumed, tentative
Required Charge |130kWh/H [Av. Distance]=+[Elec. Consump]
1. Manual Charging 2. System-Controlled Power
Contracted Power : 130kW Contracted Power : 80kW (—50kW)
130 130
120 120
110 110
100 100
90 90
80 80
70 70
60 g 60
50 20 50
40 3G 40
o
30 28 30
Q
o 1 TR 1 |
10 = 10 I
o finnnantl | o flinnnl
[eNeoNoNoNeoNoNoNoNolNolNoNeoNolNoNoNeololNolNolNololNolNoeNol [eNeoNoNoNeolNoNoNeoNolNoNolNeolNolNoNoNololNoNoNolNolNoNeNol
9902090090900 90090900909009809099099¢9 9902090090900 980909009090099090990S9C9
O d AN MNMTUOUOMN~NMNVDO A NMSTOHON~NOODOO ANM O 1 N MO OMN~NOODOODO A NMSTTOLOMN~NOOOOANM
OO0 00000000 ddddAdAdddddNNNN OO0 00000000 ddddddddddNNNN
LE=E 0 PAWAON VAWA®) VAWAON PAWIORVAWIO) LE=E S PAWAOT VAWAO) PAVAOL PAWIOEVAWIO)
Asv a >|j<elsult of system control, it is possible to reduce the amount of electricity equivalent to 50
kW. X
In terms of electricity rates*2, this can result in cost reductions of approximately 86,000
en/month, or approximately 1,030,000 yen/year. %2,3
*1) Trial calculation based on our own data. The amount of possible reduction is based on a trial calculation and does not guarantee Cost Remote Automatic
the effect.S(*Z) The electricity unit price is based on TEPCO Energy Partner's commercial electricity (less than 500kW) (1,716 Reduction Supervision Operation
yen/kW).(*3) System usage fees are not included in the above cost reductions.
Copyright©2023 KEIHAN BUS Group All Rights Reserved. 28



E-Bus charge management system image

B Image of future E-Bus charging management system:
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RE/INA
'KE(hHAN
OK UBO, Sonoaki

Manager

KEIHAN BUS CO., LTD.

5, MINAMI ISHIDA CHO,HIGASHI KUJO, MINAMI-KU,KYOTO
601-8033, JAPAN

Phone : +81-75-682-2310
e-mail : ookubo-s@Kkeihanbus.jp
nttps ://www.keihanbus.jp
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