TriHyBus

21%t century city transport

The TriHyBus project comprises the R&D, imple-
mentation and the demo operation of a city bus with
hybrid electric propulsion using hydrogen fuel cells.
The bus has been succesfully operated in the city
of Neratovice for last 5 years. Continuation of the
project is planned with an emphasis on sustainable
local production of hydrogen in relation to renewa-
ble energy sources. This strengthens the overall
aspect of emission-free operation of the bus.

The project is coordinated by UJV Rez, a. s. in

the Czech Republic; its main partners are Skoda
Electric (Czech Republic), Proton Motor (Germany),
Linde Gas (Czech Republic), and Arriva Praha, s.r.o.
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TriHyBus = Triple Hybrid (Hydrogen) Bus
Fuel cell — traction batteries — ultracapacitors

Hydrogen — fuel of the future
Hydrogen is dubbed as a fuel of the future. It is comple-
tely environment-friendly as it produces no emissions
other than water when used as car fuel. Hydrogen can be
generated from water with no harmful emissions, provi-
ded clean energy sources are used (wind, nuclear, solar
or water energy, ...). Furthemore, it substantially reduces
the dependence on imported fossil fuels such as oil or
natural gas.

The bus and its unique triple-hybrid technology

At first glance, the TriHyBus resembles any other bus
and the passengers may not notice anything unusual
— that is until it pulls away. Then the absence of vib-
rations and noise typical for diesel engines becomes
apparent.

The bus was manufactured in Pilsen by Skoda Electric
using Iveco's Irisbus Citelis chassis. A 48-kW Proton
Motor membrane fuel-cell is used as the main power-
-source for its electric traction motor. Additional traction
accumulators and ultracapacitors are engaged while the
bus accelerates or ascends, working alongside

the fuel cell, allowing for energy recuperation while de-
celerating. The bus uses a hybrid design that increases
efficiency of its propulsion system (lower fuel consumpti-
on = higher range).

12-metre,
2-axle city bus
Electromotor
120kW

Fuel Cell
48kW
Accumulators
28kWh Li-ion
Top speed
65km/h (limited)
Range

300km

Peak power
200kW

Fuel Cell — efficiency and clean air

The hydrogen fuel cell is an energy converter which uses
hydrogen’s chemical energy to produce electricity, with

a high overall efficiency of 50%.

The principle of the fuel cell is rather simple. The cell

MY

consists of two electrodes made of carbon with a small
amount of the ratalvst

The electrodes are separated by a thin polymeric membra-
ne that allows the protons to pass through. The hydrogen
is then dissociated into protons and electrons on the
catalyst layer. The protons pass through the polymeric
membrane, while the electrons pass through an external
electric circuit and essentially power the electric motor.
Two protons are combined with two electrons and an atom
of oxygen from air, forming water vapour, the sole output
of the reaction. Hydrogen fuel cell-propelled vehicles are
therefore entirely environment-friendly.

Project funding

The hydrogen bus was co-financed by the European Re-
gional Development Fund, the Ministry of Transport of the
Czech Republic and the individual partners of the project.
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TriHyBus

Méstska doprava 21. stoleti

Projekt TriHyBus FeSi vyvoj, realizaci a testovaci provoz
méstského autobusu s hybridnim elektrickym pohonem
s vodikovymi palivovymi €lanky. Autobus je jiz 5 let
Uspésné provozovan na méstskeé lince v Neratovicich
spole¢nosti Arriva Praha. Pokracovani projektu je plano-
vano s dirazem na udrzitelnou lokalni produkci vodiku

v navaznosti na obnovitelné zdroje energie. Znamena

to posileni celkového bezemisniho aspektu provozu
autobusu.

Na projektu se kromé hlavniho fesitele UJV Rez a. s.
vyznamné podileji spole¢nosti Skoda Electric a.s., Pro-
ton Motor, plc. (Némecko), LindeGas a.s. a Arriva Praha,
S.r.0.

TriHyBus = Triple Hybrid (Hydrogen) Bus
Palivovy ¢lanek — trakéni baterie — ultrakapacitory

Vodik — palivo budoucnosti
Vodik je nazyvan palivem budoucnosti. Vzhledem k tomu,
Ze pfi jeho vyuzivani jako paliva ve vozidlech vznika pou-
ze voda, je ekologicky zcela nezavadny. Vodik je mozno
vyrabét z vody a pfi vyuziti Cistych zdroju energie (vitr,
jadro, slunce, voda...) je i jeho vyroba bez emisi Skodli-
vych latek. Kromé toho vyznamné se sniZuje zavislost na
dodavkach fosilnich paliv ze zahranici (ropa, zemni plyn).

Autobus — unikatni trojité hybridni technologie
TriHyBus vypada jako kazdy jiny autobus a dokud se
nerozjede, nemusi si pasazér vSimnout zadného roz-
dilu. Absence vibraci a hluku typického pro dieselovy
motor si vSak vS§imne kazdy.

Autobus byl vyroben v plzetiské Skodé& Electric a.s.

s vyuzitim podvozku a karoserie lveco Irisbus Citelis.
Hlavni zdrojem energie pro elektricky trakéni motor
autobusu je membranovy palivovy ¢lanek od firmy
Proton Motor o vykonu 48 kW. PFi akceleraci a jizdé
do kopce pomahaji palivovému &lanku akumulatory

a ultrakapacitory, které umozfiuji vyuziti energie

pfi brzdéni (rekuperace). Autobus vyuziva hybridni
koncepci, diky niz dochazi ke zvySeni ucinnosti celého
pohonu (niz8i spotfeba = vétsi dojezd).

Parametry:

12m dvounépravovy
autobus
Elektromotor
120kW

Palivovy ¢lanek
48kW

Akumulatory

Li-ion 28kWh

Max. rychlost
65km/h (omezena)
Dojezd

300km

Max. Spi¢kovy vykon
200kW

Palivovy ¢lanek — ucinnost a Cisté ovzdusi

Vodikovy palivovy €lanek je zafizeni, které pfeménu-
je chemickou energii vodiku na elektfinu s vysokou
ucinnosti (50%).

Princip fungovani palivového ¢lanku je velmi jedno-
duchy. Clanek se sklada ze dvou uhlikovych elektrod
obsahujicich malé mnozstvi katalyzatoru. Elektrody

jsou od sebe oddéleny tenkou polymerni membréanou,
ktera propousti protony.

Anoda
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Na anodé dochazi na vrstvé katalyzatoru k rozlozeni
vodiku na protony a elektrony. Protony prochéazeji pfes
polymerni membranu, zatimco elektrony konaji uzite¢-
nou praci ve vnegjSim okruhu (zde pohani elektromotor).
Na katodé pak slou¢enim dvou protond, dvou elektronl
a atomu kysliku ze vzduchu vznika vodni para, ktera je
jedinym produktem reakce. Vozidla s vodikovym palivo-
vym Clankem jsou tak ekologicky zcela Cista.

Financovani projektu:

Vodikovy autobus byl spolufinancovan z Evropského fon-
du pro regionalni rozvoj (ERDF), Ministerstvem dopravy
CR a jednotlivymi partnery projektu.
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