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Brazil:
Area: 8,5 million km2 

Population: 194 million

The Metropolitan 
ãArea of São Paulo:

Population – 19,7 million 
inhabitants

Municipalities – 39 

Vehicle Fleet: 8,5 million

Bus Fleet: 43,5 thousand
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 Brazil is one of the biggest bus markets in the world with a production of  

The Fuel Cell Bus Project in Brazil – Driving facts

Brazil is one of the biggest bus markets in the world with a production of  
30,000 buses per year.

 The São Paulo Metropolitan Area is the largest urban concentration in the 
country and the 6th largest in the world  It relies heavily on public country and the 6th largest in the world. It relies heavily on public 
transport, particularly buses. 

 EMTU, the Metropolitan Transit Authority, through its 38 bus operators,  
transports 58 million passengers per month.

 Light and heavy-duty vehicles are responsible for 90% of the pollutant 
emissions,,
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 Brazil has a tradition of developing and using renewable energy sources in large scale: hydropower

The Fuel Cell Bus Project in Brazil

 Brazil has a tradition of developing and using renewable energy sources in large scale: hydropower
generation and ethanol produced from sugarcane correspond to over 90% of the country energy
matrix.

 The UNDP/GEF Fuel Cell Bus Project in Brazil has been initiated at the ECO 92 in Rio de Janeiro.

 In November 2000 the GEF (Global Environment Facilities) decided to fund 5 Fuel cell Bus
Demonstration Projects in Developing Countries: Brazil, Mexico, Egypt, India and China.

 In Brazil, a phased approach was adopted to reduce technological and economical risks:

 Phase I: Feasibility study

 Phase II: demonstration project – which has been divided in II.2 and II.3. 

 Phase II 2 has started in May 2006 to build and test a prototype bus and a hydrogen  Phase II.2 has started in May 2006 to build and test a prototype bus and a hydrogen 
station. 

 The phase II.3 has started in January 2012 to build and operate in revenue service 3 new 
buses and the full use of the hydrogen station.

 Phase III and IV: planned in the project documents,  they are required to assure commercial scale. 
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Governmental Partners

Working together during 8 years

Governmental Partners

Consortium Members

*Only in the prototype phase
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The first contract between the UNDP and the consortium has been fully signed in May 2006 
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To build and demonstrate functionality and reliability of fuel cell buses and the fuelling 

Objectives of the Project 

y y g
infrastructure, under real operating conditions in the São Paulo Metropolitan Region

To accelerate the commercialization of fuel cell buses and hydrogen, produced from 
renewable sources (hydropower, ethanol, solar, wind). ( y p , , , )

Acquire and disseminate technical knowledge for production, operation and maintenance 
of fuel cell buses and the hydrogen infrastructure.

Objectives of the Consortium 

 Design, production, operation and evaluation of fuel cell transit buses and hydrogen 
fueling station, combining favorable operating characteristics with: safety, high 
efficiency, zero emissions and prospects for competitive costs.

 To combine technology leadership of world class companies in their respective areas 
with the engineering and production of the Brazilian local industry. 
 To built a new fuel cell bus generation using a local bus chassis, a local bus 

Ministéri o de
Minas  e Energia

- 6 -
body and local components.



CONSORTIUM FOR THE IMPLEMENTATION OF THE PROJECT 

”HYDROGEN FUEL CELL BUSES FOR URBAN TRANSPORT IN BRAZIL”

Consortium Members for the Bus Phase II.2 – Prototype Bus

Ballard provided automotive fuel cell Nucellsys provided p
stacks, sharing lessons learned and its  
worldwide experience.

fuel cell systems, 
support to bus 
integration, training, 
maintenance and 
service.

Marcopolo, a 
Tutto, a Brazilian company with more 
then 95.000 chassis modified and 
manufactured, is the complete 
vehicle integrator, bus chassis 

a copo o, a
Brazilian 
company with an 
annual 
production of g ,

manufacture, bus design, 
construction, documentation, tests, 
vehicle software development and 
bus certification.

p
30.000 buses in 
2013 and 20 
plants worldwide, 
is the bus body 

Ministéri o de
Minas  e Energia

- 7 -

y
builder. 



CONSORTIUM FOR THE IMPLEMENTATION OF THE PROJECT 

”HYDROGEN FUEL CELL BUSES FOR URBAN TRANSPORT IN BRAZIL”

Main Suppliers
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Consortium Members for the Hydrogen Infrastructure 

PETROBRAS DISTRIBUIDORA, Brazil's largest fuel 
distribution company with more than 7,000 service 
stations, is the prime integrator of the hydrogen 

The biggest 
electricity distributor 
in Latin America, 

stations, is the prime integrator of the hydrogen 
fueling station and responsible for operation and 
general maintenance.

in Latin America, 
was responsible for: 
(i) the power 
substation 
specifications, spec ca o s,
design and approval; 
(ii) the connection of 
the power substation 
to the power grid; 

HYDROGENICS, supply 
electrolyser, compressor, 
dispenser and storage 
t k  t f  it  

p g ;
and (iii) assuring the 
energy quality and 
availability for power 
substation operation 
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tanks, support for site 
preparation, installation, 
commissioning, equipment 
maintenance and training.

p
until the delivery 
point.
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Consortium Members: Project Leader and Management

EPRI INTERNATIONAL, the international arm of the Electric Power Research Institute, a 
non profit US scientific research organization  with broad experience in management of non-profit US scientific research organization, with broad experience in management of 
large and collaborative technological programs, is the Project Manager and Leader of the 
Consortium, and coordinated the international teams. EPRI International promoted the 
sharing of lessons learned, coordinated acceptance tests and the evaluation of final 
products  and performed simulations to determine an optimum hybrid concept according products, and performed simulations to determine an optimum hybrid concept according 
to the EMTU`s corridor drive cycle. 
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KEY EVENTS BUS and Main Milestones Phase II.2 
The contract pre-defined project milestones to be accomplished by the consortium 

b  d th  i  th i  t  b d  th  li h d  Th  il t  members and they receive their payments based on the accomplished ones. The milestones 
plan has been made to avoid “blamings” and to keep the “team work” spirit among the 
consortium members.
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January 22nd and 23rd 2007 “FAT Fuel Cell System
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KEY EVENTS BUS and Main Milestones Phase II.2 
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February 1st  2007 “FAT Chassis” and “FAT Body Structure”
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KEY EVENTS BUS and Main Milestones Phase II.2 : 
The arrival of the components at Tutto

April 27th 2007 
Arrival of the Siemens components August 20th 2007

August 03rd 2007 
Arrival of the Nucellsys systems and the  Arrival of the Siemens components August 20th 2007 

Arrival of the Modine systembatteries from MS-DEA

D b 12th 2007 A t 20th 2007
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December 12th  2007 
Arrival of the Dynetek’ system

August 20th 2007 
Parts waiting for integration

Logistics (customs release process) is an issue in Brazil and one 
of the reasons for the project delays
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KEY EVENTS BUS: Best Moments of the Prototype Bus

January 2007 to July 2008  - Fuel Cell Bus Integration 

Thank to knowhow and experience transfer from Ballard 
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Thank to knowhow and experience transfer from Ballard 
and Nucellsys, Tutto is today one of the few companies in 
the world capable to integrate a fuel cell hybrid bus
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KEY EVENTS BUS and Main Milestones Phase II.2 

October 3rd 2007 “FAT Bus in Battery Mode” 
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KEY EVENTS and Main Milestones Phase II.2

July 22nd 2008 “Completion of Prototype in the fuel cell hybrid Mode”
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July 22nd 2008 – Completion of Prototype in the fuel cell hybrid Mode
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KEY EVENTS and Main Milestones Phase II.2: Functional Tests 

Driving behaviour Hillclimbing H2-Filling process

acc/vmax@
max load

Bus Corridor Operation
(d ing night)  

Daily Operation to test
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max load (during night)  

April 28th 2009 - Milestone 6 Bus – “Functional tests Protocol” 
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KEY EVENTS: Farwell of the Prototype Bus from Caxias do Sul
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March 23rd 2009 – Fuel Cell Bus left Caxias do Sul and traveled 1000 km to arrive at the 
EMTU/SP facilities in São Bernardo do Campo.
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Training Course for EMTU (Transit Authority) and METRA (Bus 
Operator)

April 16th and 17th 2009 
– Training Course at EMTU g
1st Part

May 20th and 21st 2009
– Training Course at EMTU g
2nd Part 

21 persons have been 
trained among drivers g
and maintenance teams 
from EMTU and METRA
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Maintenance of the Prototype Bus by Tutto’s and METRA’s teams

The training and the knowledge and experience transfer has enable the local team 
to perform service and maintenance with the technical support at distance from 
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to perform service and maintenance with the technical support at distance from 
Nucellsys. 
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Verification Tests at the EMTU/SP Bus Corridor –
Summary of the Conclusions

Driver instructions Training of personal staff

• The bus performance was always superior to the diesel buses.

• The average hydrogen consumption was 10,4 kg/100km.

• The way of drive and variations of ambient temperatures influenced hydrogen consumption.

• The drivers liked the vehicle regarding the easy operation, comfort and ergonomics. 

• The failures in some systems were mostly due to humidity, dust and weather conditions. y y y,

• The bus attends all dynamic and safety conditions necessaries for an urban operation.

• The passengers have liked the driving, the low noise and low vibration.

The logistic processes to import spare parts have caused delays
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• The logistic processes to import spare parts have caused delays.

• When the parts are available the maintenance and replacement of parts occur very fast.
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EMTU/SP Bus Corridor São Mateus – Jabaquara pass through 4 
municipalities in the São Paulo Metropolitan Area

Extension: 33 km 

Passengers: 6 
million/month

Fleet: 233 buses
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78 Trolley buses

9 Terminals 
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July 1st and 2nd 2009 - “Launching of the Prototype Bus and 
Workshop at EMTU /SP Facilities in São Bernardo do Campo, SP
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Excellent Press Cover and Public Awareness
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J t  th  “B ili  F l C ll 

October 2009 – Publishing of the Brazilian Fuel Cell Bus BOOK

Just as the “Brazilian Fuel Cell 
Bus Project”, this book has been 
conceived with the objective to 
leave a contribution to the future 

ti  f  hildgeneration of our children.

This is a history of international 
cooperation, mutual trust, hard 
work, vision and courage.o , s o a d cou age

This book is divided into 
chapters, as is the project which 
is divided into milestones to be 
achieved. The chapters and the 
milestones are described by the 
project partners, who describe 
their vision, a little bit of its ,
history, objectives, political 
strategy, products and services, 
and the experiences and lessons 
learned on the project. 

Ministéri o de
Minas  e Energia

- 25 -

p j



CONSORTIUM FOR THE IMPLEMENTATION OF THE PROJECT 

”HYDROGEN FUEL CELL BUSES FOR URBAN TRANSPORT IN BRAZIL”

The first Hydrogen Station in South America

The BR Petrobras hydrogen station demonstrates a wellThe BR Petrobras hydrogen station demonstrates a well-
to-wheel CO2 – free synergy between the Brazilian 
electricity generation by hydropower and the urban 
transportation system.

Ministéri o de
Minas  e Energia

- 26 -



CONSORTIUM FOR THE IMPLEMENTATION OF THE PROJECT 

”HYDROGEN FUEL CELL BUSES FOR URBAN TRANSPORT IN BRAZIL”

KEY EVENTS - HYDROGEN STATION:
November 13th 2006 - Petrobras Technical Seminary inviting the

l t li th iti

LOCAL: EDISP (Edifício Sede da BR em SP) – Avenida Paulista, 901 – São Paulo/SP

relevant license authorities

 DATA E HORÁRIO: 13 de novembro de 2006 – das 14 às 18h

 OBJETIVO: Apresentar e debater os aspectos técnicos do projeto, com os fornecedores de tecnologia e os órgãos
públicos.

 ENTIDADES CONVIDADAS:

 Estado de São Paulo: Secretaria de Meio Ambiente de São Paulo, CETESB, Defesa Civil, Corpo de Bombeiros.

 Prefeitura de São Paulo: Secretaria do Verde e do Meio Ambiente

 Prefeitura de Mauá: Secretaria de Planejamento e Meio Ambiente

 Prefeitura de Santo André: Secretaria Municipal de Saneamento Ambiental

 Prefeitura de São Bernardo do Campo: Secretaria de Habitação e Meio Ambiente Prefeitura de São Bernardo do Campo: Secretaria de Habitação e Meio Ambiente

 Prefeitura de Diadema: Secretaria de Diadema

 Empresas do consórcio
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EMTU/SP

Ministério das Minas e Energia
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KEY EVENTS HYDROGEN STATION:

April 2007 – SAFETY WORKSHOP IN CAXIAS DO SULp
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KEY EVENTS HYDROGEN STATION:

May  2007-Trip to Europe of the Brazilian License AuthoritiesMay  2007 Trip to Europe of the Brazilian License Authorities

Thank to the technical workshop at 
Petrobras in 2006 and the visit to the fuel 

ll b  j t  i  H b  d A t d  cell bus projects in Hamburg and Amsterdam 
in 2007, we had no problem to receive 
construction and installation licenses. 
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KEY EVENTS HYDROGEN STATON - Main Milestones Phase II.2 

December 31st 2007 and January 18th 2008 - “Arrival of the Main Equipment at EMTU”.
January 2009 - Construction and Installation licenses from Cetesb, the Firea ua y 009 Co s uc o a d s a a o ce ses o Ce esb, e e
Department and the Municipality of São Bernardo. 
July 22nd 2009 - Civil constructions have started. UNDP tender has been published 3 times and in the
last one, only one proposal has been submitted.
March 26th 2010 - Civil constructions at the EMTU site have been completed. p
June 1st 2011 – Received License from the Federal Police to purchase Potassium Hydroxide. 
May 23rd 2013 - The hydrogen station in São Bernardo do Campo has started its first operation. 
December 5th 2013 – Partial accomplishment of the milestone “SAT Hydrogen Station – Ready for
Bus Operation”. 
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KEY EVENTS HYDROGEN STATION –
Innovative Solutions to overcome challenges 
Pro isor H drogen StationsProvisory Hydrogen Stations

EMTU São Bernardo do Campo – BR
Distribuidora contracted Linde

Caxias do Sul – Air Liquide Station

October 19th 2009 – BR Petrobras has made a cooperation with Linde to build a provisory 
station at the EMTU facilities to enable the start Verification Tests. 
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station at the EMTU facilities to enable the start Verification Tests. 

Solution has to be found due to the delays of the civil constructions of the H2 Station.
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Project Phase II.2 from May 2006 until February 2011 (*) 

(*) LAST MILESTONE HYDROGEN ALL BUS MILESTONES COMPLETED (*) LAST MILESTONE HYDROGEN 
STATION: EXPECTED TO BE COMPLETED 
END OF DECEMBER 2014 

ALL BUS MILESTONES COMPLETED 
in February 4th 2011 – Completion of the Verification 
Tests Part 2

M h 2011 Th B ili F l C ll B h b t d
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March 2011 - The Brazilian Fuel Cell Bus has been voted 
by a public and a technical jury as one of the 3 finalists in 
the category of Transportation, of the GreenBest, the 
biggest Brazilian prize for Sustainability.
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On December 2011 the contract between the consortium and the UNDP has been fully signed.

Project Phase II.3 from January 2012 until June 2015 

Objectives: Design, production, test and evaluation of three new buses and the full use, 
operation, maintenance and evaluation of the INFRASTRUCTURE’s capacity installed in the 
PHASE II.2.

Technical concept of the 3 new buses: is advanced and very competitive, using the 
lessons learned from the prototype bus, the experience of the Brazilian bus industry to build 
buses in large scale, and the technology developments worldwide.

Overall Bus Specifications: 

 12,6 m chassis 

Mi i  68  Minimum 68 passengers

Lifetime Specifications:

Chassis and body: 10 yearsChassis and body: 10 years

Electrical traction system: 12 years or 240.000 km

Fuel Cell system:6.000 hours or 120.000 km

Ministéri o de
Minas  e Energia

- 33 -
The integration of local content and the interest of the consortium members and 
suppliers in implementing the phase II.3 within the available project budget, 
reduced the costs of the 3 new buses by 3 times: US$ 1 million.
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Consortium Members for the Bus 

Phase II.3 – 3 new busesPhase II.3 3 new buses

Ballard provided heavy duty 
fuel cell systems, support to 
bus integration  training  bus integration, training, 
maintenance and service.

Tutto  a Brazilian company with more Tutto, a Brazilian company with more 
then 95.000 chassis modified and 
manufactured, is the complete 
vehicle integrator, bus chassis 
manufacture  bus design  

Marcopolo, a Brazilian company 
with an annual production of 
30.000 buses in 2013 and 20 
plants worldwide  is the bus 

manufacture, bus design, 
construction, documentation, tests, 
vehicle software development and 
bus certification.
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plants worldwide, is the bus 
body builder. 
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Consortium Members for the Hydrogen Infrastructure 

PETROBRAS DISTRIBUIDORA, Brazil's largest fuel 
distribution company with more than 7,000 service 
stations, is the prime integrator of the hydrogen stations, is the prime integrator of the hydrogen 
fueling station and responsible for operation and 
general maintenance.

HYDROGENICS, supply 
electrolyser, compressor, 
dispenser and storage 
t k  t f  it  
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tanks, support for site 
preparation, installation, 
commissioning, equipment 
maintenance and training.
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Consortium Members: Project Leader and Management

EPRI INTERNATIONAL, the international arm of the Electric Power Research Institute, a 
non profit US scientific research organization  with broad experience in management of non-profit US scientific research organization, with broad experience in management of 
large and collaborative technological programs, is the Project Manager and Leader of the 
Consortium, and coordinated the international teams. EPRI International promoted the 
sharing of lessons learned, coordinated acceptance tests and the evaluation of final 
products  and performed simulations to determine an optimum hybrid concept according products, and performed simulations to determine an optimum hybrid concept according 
to the EMTU`s corridor drive cycle. 
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Next Milestones to be accomplished until June 2015

Project Phase II 2:Project Phase II.2:

Complete Site Acceptance Tests of the Hydrogen Station/Station ready for Bus Operation 

Project Phase II 3:Project Phase II.3:

Maintenance of the Hydrogen Station – 3 Trips

Factory Acceptance Tests of the Second and Third Buses in Fuel Cell Hybrid ModeFactory Acceptance Tests of the Second and Third Buses in Fuel Cell Hybrid Mode

Functional tests 3 buses

Verification Tests 3 buses  Verification Tests 3 buses  

2 Reports Operation in Revenue Service 3 Buses
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T t th f di d t th Gl b l E i t F iliti

What were the main challenges during project implementation?

 To get the funding approved at the Global Environment Facilities.

 To form/find the right partners of the Consortium.

 L i ti f i t d t i il t ti f th h d t ti b i th h f Logistics of imported parts, civil construction of the hydrogen station, bus insurance, the purchase of
potassium hydroxide, and to get the visa for foreign technicians to work for extended periods.

This is a pioneer and an international cooperation project, which requires: patience,
t l t l ti d t di d k l d b tcourage, perseverance, tolerance, mutual cooperation, understanding and knowledge about

different cultures and languages.

 Communication among companies and people from different countries and different Brazilian states
i h ll d i th k f f l i l t ti Th i d t t l t t l this a challenge and is the key of successful implementation. There is a need to translate not only the
languages, but also the culture and way of working from one side to the other .

 The local teams need time to assimilate new technologies and concepts.

To get the commitment to hydrogen in a country where ethanol is the most valuable fuel. A country
oriented to renewable energy is opened to new fuels but also offers big competition to hydrogen.

Inno ati e sol tions had to be fo nd to o e come challenges and keep the p oject going
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Innovative solutions had to be found to overcome challenges and keep the project going
forward during 8 years since the first contract has been signed.
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 Generation of new business and job opportunities.
 Knowhow and knowledge to the Brazilian industry

Concrete Results of the Project

 Knowhow and knowledge to the Brazilian industry.
 Design, production, operation and evaluation of 4 fuel cell 

buses “made in Brazil” using a local chassis, a local body 
and local components.p

 Design, production, operation and evaluation of a hydrogen 
fueling station well-to-wheel CO2 – free.

 Successful international cooperation (exchange knowledge 
d i  f  b th id  ( ld l  i  d and experience from both sides (world class companies and 

the Brazilian industry). This is a 2 way winning process.
 Achieved a bus cost reduction by 3 times by involving the 

local industry  which have a large scale production capacity  local industry, which have a large scale production capacity. 
 Applied pertinent safety standards, codes and protocols 

used worldwide. 
 This project is not only a demonstration project  It created  This project is not only a demonstration project . It created 

a sustainable basis for the development , production and 
operation of fuel cell buses in Brazil and developed a 
business model and local partnerships that can 

h i d i f h h l i
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support the introduction of the technology in 
commercial scale.
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Future Perspectives

Through this project, BR petrobras has acquired the concession of the hydrogen 
station for the next 60 years.

This is an opportunity to assure the continuation of the activities even after the project This is an opportunity to assure the continuation of the activities even after the project 
termination, and to stablish a strategy for the future exploring the opportunites offered by 
the hydrogen station and by the 3 new buses in operation.

Several Topics could be explored:Several Topics could be explored:
 Analysis related to performance, efficiency, costs, durability, flexibility, maintenance, 
fuelling and operation processes;
 Future concepts including a study about potential aplications of the exisiting equipment; 
 R h j t  i  ti  ith l l d i t ti l t
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 Research projects in cooperation with local and international partners;
 Studies about scenarios and roadmaps for hydrogen and fuel cells use in the urban 
transportation model of big cities and smart cities concepts.
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This platform was inspired by the commitments made by the city of Aalborg in Denmark in a This platform was inspired by the commitments made by the city of Aalborg in Denmark in a 
sustainable development pact adopted by more than 650 municipalities, mostly in Europe. 

The commitments consider: local community participation in decision-making, the urban economy 
while preserving natural resources, social equity, proper land management, urban mobility, global 
climate and biodiversity conservation, among other things. 

Given the differences between Brazil and Europe, two new themes were added: 1) Education for 
Sustainability and Quality of Life and 2) Culture for Sustainability.

 At the moment 273 participants cities
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The Concept of Smart Cities in Brazil

The concept of Smart Cities in Brazil is known but there is a need for support and 
awareness building. The Foundation Getulio Vargas (FGV), a well known and renomated 
university has organized seminaries in order to help Brazilian cities governments to 
elaborate the Municipal Plan for Urban Mobility based on the Smart Cities concept. This 
plan is mandated by the law nº 12.587/2012 for cities with more than 20 thousand 
inhabilitants . 
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The Federal Government Program for Sustainable Cities

The Program from the MCTI 
Ministry of Science, Technology 
and Innovation has the objetive 
to combine the introduction of to combine the introduction of 
new technologies with social 
development (reduction of 
poverty and increase of 
capacity building). 

 The Concept of Sustainable 
Cities is seen not only from the 

h l l btechnological aspects but 
always in combination with the 
social and economical aspects.

B d  h  f  h   Based on the fact that new 
technologies generates new 
business opportunities and 
creates jobs, it it very easy 
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creates jobs, it it very easy 
to combine all the above 
aspects.



CONSORTIUM FOR THE IMPLEMENTATION OF THE PROJECT 

”HYDROGEN FUEL CELL BUSES FOR URBAN TRANSPORT IN BRAZIL”

After 15 years working for this project, the project team acquired a 

Concrete suggestions for activities and cooperation 

5 y a o g o p oj , p oj a a qu d a
great value of lessons learned, best practices, knowledge and 
experience. 

Marieke Reijalt from the European Hydrogen Association and I are trying 
to submit a project to develop an international communication platform, 
which is able to disseminate not only the technological knowledge but y g g
also the key factors and models which lead to successful implementation 
of projects, based on the lessons acquired by the Brazilian, European 
and the international projects, and to facilitate communication among and the international projects, and to facilitate communication among 
them.

We believe that sharing information looking for synergies, facilitate the 
understanding, mitigate concerns and accelerate the implementation of 
innovative solutions and new technologies worldwide.
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Thank you for your attention!


