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Are battery buses safe? - decade of experience
in deployinglarge scale electric buses fleet
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DEFINITELY YES!

NUMBER OF FIRES PER 100 000
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WHY THEN DO THESE
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SAFETY FIRST! Ot e

Technical solutions guarantee security
on 3 levels:

the entire vehicle

individual systems
 individual components




SAFETY FIRST!

Solaris does not use solid state
electrolyte technology.

All traction batteries offered by
Solaris meet the required safety
regulations and certifications. The
most important of these, in terms of
safety, are

UN/ECE Regulation No. 100

and UN/ECE Regulation No. 10.
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SAFETY REGULATIONS

ECE Regulation No. 100.02 (Annex 8)

Specifies safety issues in relation to the electric power train of buses - with
particular attention to traction batteries.

+ Safety in the vibration environment
« Safety of the battery under inertial loads
» Verification of the traction batteries' resistance

« Verification of the effectiveness of short-circuit protection
and the effectiveness of battery protection

Rapid temperature change Protection against
test and thermal cycle test overcharging
Fire resistance Over-discharge protection
External short-circuit Protection against

protection overheating
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ECE Regulation R10

Applied to the subject of
electromagnetic compatibility.

Understood as the ability of a
particular electrical or
electronic device to operate
correctlyin an electromagnetic
environment.
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BATTERY FIRE PROTECTION @

All batteries used in Solaris electric buses comply with Regulation R 100 and
are therefore equipped with a number of safety features/systems.

The batteries are equipped with, among
other things:

Thermal insulation to protect against
an external fire source

* Aninternaltemperature monitoring system
for all batterycells, inrealtime

« A powerdisconnection systemifthe specified
temperatureis exceeded

Safety valves - which are activatedif the y
specified pressureinside the batteryis exceed




TECHNICAL DESIGN OF THE BATTERY @
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« The cells and modules used by Solaris are sourced from manufacturers who have carried out the full set of safety
tests and meet the UN38.3 standard (transport tests in accordance with ADR protocol).

+ Batteries have a metal casing designed with thermal insulation to protect against direct fire.

« A minimum of IP65 protection - the battery is protected against the penetration of external agents. In the
event of a dangerous situation involving the accumulation of gases inside the battery, they are discharged to the
outsidevia a pressure valve.

« Mechanical solutions: The traction batteries, which are installed on the roof of the bus, are attached to a frame
that ensures they remain stable even in emergency situations.

« The compartmentin which the batteries are installed is enclosed by metal shielding that acts as a fire barrier to
retard the spread of fire to the passenger compartment.
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HVIL - HIGH VOLTAGE INTERLOCK

» Drivetrain components powered by traction batteries are equipped with
automatic protection againstdirect contact with live parts - HVIL.

» There are safety switches in the driver's cabin and in the compartment at the
rear of the vehicle.

PROTECTION AGAINST POTENTIAL DIFFERENCES

» The housings of high-voltage equipment are connected by equipotential
bonding to compensate for differences in potential between them and the
vehicle frame.

* The battery system is disconnected from the vehicle in an emergency by
means of the main contactor, characterised by an extinguishing chamber that
ensures safe disconnection of the power supply even under load.
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SAFETY OF THE BATTERY =
CHARGING PROCESS =

ALL CHARGERS MUST COMPLY WITH IEC 61851

This guarantees the compatibility and safety of the charging process for
traction batteries. During the charging process, the CCS2 plug is locked to
prevent accidental disconnection.

Blocking vehicle movement if the cover behind which the charging socket is ll l l
located is opened or if the pantograph is raised. For safety reasons, Solaris
only equips its buses with systems that allow safe charging even when
the bus is kneeling.




EMERGENCY CARD AND INSTRUCTIONS

According to the standard
ISO 17840

The rescue card is located under
the battery "flap". Always written in
the national language of the
customer/user.

ISO 17840 guide

Detailed description of actions to
be taken in the event of an
1SS0y
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WORKSHOP BULLETINS

Bulletins are part of
the workshop
manuals.

All documents are
available in the
MAGBUS database.
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Principles of safe operation of vehicles

soLaris equipped with the hydrogen system ot

1. Purpose of the

The purpose of the bulletn is to prowide the basic safety procedures pror 1o performing diagnostic and service
operations on vehicies squipped with the hydrogen system

2. Scope of application

The bulletin applies o vehcles equipped with the hydrogen system

3. Initial precautions

Prior to starting any works on the hydrogen system and components powered by hydrogen. read the technical
documentation of the vehicie and components

The following manuais shal be studied first 10 meet this requrement

vehicle operating m:
+ Operation and mai
Operation and m:
Hydrogen system
OHS requirements
operator’s internal standard operating procedures

other applicatie reguiations, including those specific 1o the o

3l

nance documentaton of the hydrogen cel
nance documentation of the hydrogen cylinders
gram

iry of cperation

EXPLOSION
A Any work on the hydrogen system and components powerad by hydrogen must be
cared out by qualifed and authorzed personnel, in accordance with local regulations

INFORMATION
0 The qualifications of the personnel are confirmed by the relevant national or Evropean
organization

A person working on the hydrogen system and components supplied with hydrogen must have the appropriate
theoretical knowledge of expiosive gases and pressure vessels In addaion. they should have the appropriate
practical skils required to carry out this type of works safely

The employes and supervisory staff must be equipped with appropriate tools 3nd personal protective equipment.

4. Hydrogen i

Hydrogen Hy it is an odouriess. colouriess and highly flammabie gas.
The explosion limits of hydrogen m 3 mocure with air are from 4% 1o 75% of the hydrogen content. In the event

o5 or semi-enciosed spaces. Hydrogen is a volatile
gas and has the abiiity o penet sirtight Moreover, hydrogen as a gas of smat
molecular size is very eas diluted in the surrounding air. In high concentrations, it can cause
unconsciousness or even suffccation wihout any preceding symptoms. Hydrogen burns with an invisidie flame.

s Requirements for the refuelling of a
soLaris hydrogen vehicle TOL004:202

1. Description of the hydrogen vehicle

1.1. Hydrogen prop :

Vehicle overview

OMAH04.0005

. Refueling connection - Type T1 H; High-Fiow, working pressure up 1o 350 bar

-
B

Emergency gas roiease valve

- Emergency hydrogen outiet vaives from tanks

H2 supply system

+ H2 purlty class: according to SAE J2719, DIN EN 17124 and ISO 14687-2
- Service pressure 350 bar at 15°C

+ Maximum final pressure in H2 fuel tanks - during refing: 437.5 bar al 85°C

Hydrogen installation security systems
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DEFINITELY YES!
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THANK YOU!
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