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ABSTRACT
The Brazilian Fuel Cell Bus Project is being depeld by a consortium comprising 14 national and
international partners. The project was initiallypported by the GEF/UNDP and MME/FINEP Brazil.
The national coordination is under responsibilfyiME and EMTU/SP, the S&o Paulo Metropolitan
Urban Transport Company that also controls thedpggation and bus routes. This work reports the
efforts done in order to obtain the necessary $esrto operate the first fuel cell buses for regula
service in Brazil, as well as the first commertigdirogen fuelling station to attend the vehicles.

1.0 INTRODUCTION
1.1 EMTU/SP Hydrogen Bus History and Basic Facts

The first Brazilian fuel cell bus was planned asimitiative of the Ministry of Mines and Energy
(MME) and the Global Environment Facility (GEF) byeans of the United Nations Development
Program (UNDP) in 1999. In order to carry out thiejgct an international consortium comprising
several national and international partners has lestablished: MME, FINEP (Financing Agency of
Studies and Projects), UNDP/GEF, EMTU/SP (Séo PMétropolitan Urban Transport Company),
the Government of S&o Paulo State by means of #teolblitan Transport Secretary, Ballard Power
Systems, Marcopolo, Nucellsys, Tuttotrasporti, ABEHetropaulo, Hydrogenics, Petrobras
Distribuidora and EPRI International [1]. The pragr execution is under responsibility of EMTU/SP,
which also controls the operation of the busestarsdroutes.

This work aims to report some of the steps followedorder to obtain the necessary licenses,
comprising safety and environmental aspects, toabpehe first fuel cell buses for regular seniite
Brazil, as well as the first commercial hydrogeelling station to attend the vehicles. It is worth
mentioning that the information contained in thagper is of exclusive responsibility of the authors
and do not represent the view of the consortiunivapg companies and public organizations
mentioned along the text. Moreover, the authorsmenend the reading of the book “Brazilian Fuel
Cell Bus: Renewable Technologies For The Urban §part In Brazil” [1] where the history and all
the credit to the personnel involved in the proje@ppropriately assigned.

2.0 MAIN CHARACTERISTICS OF THE PROJECT

The hybrid hydrogen fuel cell bus is a low-floo2.8 m vehicle for 90 passengers. It is powered by
two 68 kW fuel cells, batteries and a 210 kW moline composite cylinders (aluminum reinforced
with carbon fiber) store up to 45 kg of hydrogerthe bus at a pressure of 350 bar. This amount of
fuel provides autonomy for 300 km, more than sidfit for a full day operation. After a series ddtie

in 2010, the bus was put into full service in arlegive bus route to attend the public. Three new
buses will be built incorporating the lessons ledrso far, completing the fleet of four hydrogen
buses that will operate in a specific route aloiity wonventional diesel vehicles.

Besides the hydrogen bus, a refueling station wasnpd and built. Hydrogen is produced in a
commercial water electrolysis plant. The gas is p@ssed up to 430 bar and stored in six stainless
steel cylinders totaling 72 kg of hydrogen.



3.0 LICENSING COMPANIES WITH COMBUSTIBLE PRODUCTS
3.1 Information and comments about risk perception

In order to operate in Brazil companies need aetyardf operating licenses and permits issued by
organs of the municipal, state and federal govemsid he licenses provided by the Fire Department
of the Military Police of Sdo Paulo (FD/SP) and ®&o Paulo Environmental Protection Agency
(CETESB/SP) belong to the state jurisdiction, arelespecially important in the case of companies
that use combustible materials. The level of comiplefor obtaining such permits depends on the
amounts of combustible materials stored and thdrgy densities.

This paper will present some of the most relevapeats in the procedures for obtaining operating
licenses under responsibility of th& Bire Department of Santo André and CETESB/SPicense

BR Distribuidora’s hydrogen fueling station, in&al at EMTU/SP, city of Sdo Bernardo do Campo,
S&o Paulo metropolitan area, Brazil. These peranégequired for the fuel stations and distributrs
liquid and gaseous fuels, compressed natural g&GjCand liquefied petroleum gas (LPG).
Applications using hydrogen in ICE vehicles [2] dnél cells (VEGA project, only internal reports
are available) had been conducted in the countigréebut since the projects were developed on the
campus of the State University of Campinas andratheversities, the licenses were not mandatory.

It is worth mentioning that many chemical, petravieal and gas companies in Brazil have
operational licenses to handle tons of hydrogenahdr combustible products daily. Currently there
are also in the country about 1,800 CNG fuel statiand 1.65 million vehicles using this fuel,
including most of the taxis in large cities. The wd natural gas in private vehicles is allowedhe
country since 1997 and the few accidents reportece wnostly caused by users who have tried to
increase the autonomy installing LPG cylindershim vehicles illegally.

In the authors’ opinion, despite the similarity woeén natural gas and hydrogen, both compressed
gaseous fuels lighter than air, the first comméngiaject involving a fleet of buses and a hydrogen
fueling station apparently caused great concernthi licensing authorities and the Brazilian
participants of consortium because of the risk @aiion associated with the use of hydrogen. Maybe a
contribution for that concern was based on the tfzatt many Brazilian experts share the opinion that
accidents with hydrogen should be avoided at atssmtherwise the barriers to the use of this ifuel
the country would become almost insuperable.

Further information about regulations, codes amhddrds and safety activities in Brazil may be
found in the paperydrogen Safety Activities in Brazil also submittiedCHS 2011 [3].

3.2 Main objectives of the FD/SP and CETESB/SP lioses

The operating license awarded by the FD/SP aimdetoonstrate the good safety conditions of
commercial and industrial facilities against firadapreservation of property, environment and
people’s lives, mainly within the boundaries of tt@mpany. The FD jurisdiction is the state of Sao
Paulo and FD from other states may present diveggests in order to issue permits and licenses. In
general, the work of the FD/SP relies on its ownT&8hnical Instructions (TI), which refer to the
norms of the Brazilian Association for Technicabi@tards (ABNT), called ABNT NBE, and

! ABNT is the exclusive representative in Brazitloé following international and regional organipas: 1SO
(International Organization for Standardizatio®ClI (International Electrotechnical Commission), GOH
(Panamerican Commission of Technical Standardspamd (MERCOSUR Standardization Association).

2 ABNT NBR is the acronym for Brazilian Standard epged by ABNT. These standards are developed based
on the demand of society (public and private e)ti established by consensus and their adoptioolustary.
They become mandatory when this condition is eistadadl by the government by decrees, laws or adtratiige

acts, as in the case of the FD/SP and CETESB/SP.



Regulation Norms (NR) In cases not covered by Brazilian standardstriat®nal publications and
standards may be used.

Since the number of requests involving hydrogeiows the FD/SP considers that there is no need to
develop a Technical Instruction specific to thas gat. Thus, the requirements of facilities, sush a
minimum distances, building characteristics and Ipeimof fire extinguishers, in many cases are
defined by similarity to LPG. In the case of thallggen fueling station, however, the high technical
quality of the team involved in the licensing prsgenade possible the use of international standards
specific to the use of hydrogen, such as the NPFAahd NFPA 55, for classification of areas and
determination of minimum distances.

Licenses awarded by CETESB/SP are focused on pirgggbe environment and the lives of people
outside the boundaries of the company. The proesdaim to quantitatively assess the risks related t
emissions of gaseous and liquid effluents which tmayarmful to the environment and health of the
population, including cases of improper releaséuefs and the explosion risks associated. CETESB
has a state jurisdiction and, then, states othem ®ao Paulo may present different approaches to
licensing such projects. A good description of tleensing process adopted by CETESB/SP for
projects involving hydrogen storage can be segharpaper Hydrogen Risk Assessment in Sao Paulo
State - Brazil also submitted to ICHS 2011 [4].

The location of the fueling station is mainly detéred by the municipal zone plan. Many fueling
stations in Brazil also supply compressed natusal and, then, hydrogen fueling stations may follow
the same permitting process.

3.3 Fuel cell bus licenses

The operating licenses for the fuel cell bus wéraimed from three different organizations: IBAMA
(The Brazilian Institute of Environment and Natumesources), DENATRAN (National Road
Transportation Department) and DETRAN/SP (Sao P&tdte Transportation Department).

IBAMA was responsible for the environmental liceressd it consisted of a permit for an electric
vehicle powered by fuel cells. DENATRAN is in chargf the registration of all vehicles in Brazil and
it was responsible for the transit permit for thesbin order to receive the transit permit all vale
characteristics of the fuel cell bus had to bernmid. DENATRAN also issued a permit exempting
the bus from the Certificate of Conformity to theafisit Code (CAT) since it is considered a
prototype vehicle. DETRAN/SP is in charge of thealoregistration of the vehicle, its license plates
and documentation. The fact that EMTU also operamwoximately one hundred electric buses in
Séo Paulo City may have facilitated the obtainifithe permits for this new type of electric bus.

4.0 WORK DEVELOPED TO IMPROVE THE SAFETY OF THE HYD ROGEN FUELING
STATION

4.1 Visits to hydrogen fueling stations in Hamburgand Amsterdam

In order to improve the knowledge about operatigmmatedures and safety measures to be applied in
the project, the consortium organized a visit tpict the hydrogen fueling stations in Hamburg and
Amsterdam, as well as Nucellsys fuel cell systemufecture in Stuttgart/Nabern in May, 2007. The
delegation was composed by key technical persafrtee consortium and authorities involved in the
licensing process.

The knowledge acquired during the technical viaitd the accomplishment of a HAZOP (Hazard and
Operability Analysis) were used to enhance theirRiery Hazard Analysis (PHA) which had been

% NR stands for Regulation or Norm set by the Migistf Labor and Employment, with a mandatory chteac



previously performed by the personnel of CENPE&#B&ds, BR Distribuidora and Hydrogenics. Finally,
the PHA resulted in 16 recommendations to mitigates related to the operation of the hydrogenastat
and the actions were properly distributed betwbkerBR Distribuidora, Hydrogenics and EMTU/SP. This
document was incorporated into the licensing padsCETESB/SP and the FD/SP, and some of the
recommendations are reported in the next item.

4.2 Some characteristics of the hydrogen fuelingation to improve safety

The hydrogen pipelines connecting all equipmentimstalled in channels on the ground covered by
gratings in order to avoid gas accumulation anditi@e inspection, similar to Hamburg’s hydrogen
fueling station. The same approach was employdd tivét wiring, but using separate channels.

Alkaline water electrolyzers present small leakagkshe electrolyte that can cause environmental
concern. The remedy adopted in this case was sitnilamsterdam’s hydrogen fueling station, and a
tray was installed under the electrolyzer moduleditect the liquid.

Differently from Hamburg and Amsterdam stationgréhare fireproof walls to isolate the hydrogen
production area (water electrolysis system, congmresnd storage vessels) from the rest of the
facility (dispenser and administrative building)her classification of areas was accomplished
according to NFPA 497-2008: gaseous hydrogen stofféig. 5.10.8 (b); compressor and electrolyzer,
Fig. 5.10.9. The minimum distances were determinetcording to NPFA 55-2010,
Table 10.3.2.2.1 (b).

Special care was taken to assure that the hydrsigeage cylinders would be permanently connected
to two pressure safety valves (PSV), and that #teeg could not be closed simultaneously. The flow
through the PSV must be sufficient to attend aldglinders connected to it.

Fig. 1 to Fig. 3 show the Hydrogen Fueling Stataperated by BR Distribuidora and located at
EMTU/SP, Séo Bernardo do Campo. Fig. 4 shows theBrazilian Fuel Cell Bus.

Figure 1. View of the front of the Hydrogen Fuelitation, operated by BR Distribuidora
and located at EMTU/SP, Sdo Bernardo do Campo.



Figure 2: View of the back of the Hydrogen FuelBtgtion: a) compressor; b) hydrogen storage
cylinders; c) fireproof walls; d) container withetlalkaline water electrolysis system.

ﬁil”ilf..

Figure 3: View of the back of the Hydrogen FuelBigtion: a) compressor; b) hydrogen storage
cylinders; d) fireproof walls.



Figure 4: View of the first Brazilian hybrid fueélt bus.

An important contribution regarding safety madetie bus project was the development of a

preliminary standard operating procedure for théSHDto attend emergencies involving the hydrogen
bus fuel cell [5]. The document describes the nimgtortant characteristics of the vehicle and the

procedures to isolate the area, to approach thieleednd other arrangements. The document provides
information about hydrogen and electricity instidias, and points out all locations to drive thévea

that cut the supply of hydrogen, located adjacethé cylinders.

5.0 DISCUSSION

The authors understand that after the technicatisvie similar projects in the world and after an
objective evaluation of the amount of fuel involvedthe operation of the fuel station and hydrogen
bus the authorities involved in the licensing pssceoticed that the initial perception of risk bét
venture had been overestimated. In fact, the proesdadopted by CETESB/SP made it clear that the
licensing process was simplified, since the amatiritydrogen stored in the fuel station (72 kg) and
bus (45 kg) represent a Reference Distance {RDB4 m and 29 m, respectively, which makes the
venture safe for the external population. Conceyrilre environmental issues, the relatively small
amount of caustic solution used in the water ebfyter does not represent high risk to the
environment and can be neutralized with simple gdaces. Thus, although the final operating license
has not been issued by CETESB/SP yet, it is likelgccur without any additional difficulty aftereh
commissioning of the water electrolysis system.

Regarding the license of the FD/SP one could caectbat the lack of specific standards for hydrogen
in Brazil introduced some difficulties, but it diibt obstruct the work. In fact the authors undesta
that the experience of the members of the consortiith electric vehicles and CNG vehicles may
have been conveniently explored to accelerate tlaeeps. Additionally, the technical team
responsible for obtaining the license did a competerk with respect to the analysis and mitigation
of risks of the fuel station and fuel cell bus. @&sesult of the good degree of interaction the FD/S
already counts with a preliminary procedure to a@tii emergencies involving the fuel cell bus [5].

During the elaboration of this work it was observedt the many different standard conditions used
for gases [6] may lead to difficulties in determigithe amount of hydrogen contained in pressurized
cylinders. The use of mass (kg) instead of volumd ¢an help avoid mistakes in calculating the

“ Reference Distance (RD) is a circumference withdius determined by the distance correspondir@gltdar
overpressure isocurve originated from a vapor ckxmlosion plus the distance from the leak sourdbé
cloud center. A comprehensive explanation of RBiven in the paper Hydrogen Risk Assessment inFgago
State - Brazil [4] submitted to ICHS 2011.



amount of stored energy and therefore in the rsslessment. The use of LPG standards for hydrogen
is not appropriate in many situations and it wooddvery interesting to cooperate with the FD/SP to
verify and correct the distortions, if any, basedwailable knowledge.

During the visits to the hydrogen fuel station #agthors could verify that the infrastructure and
equipment used there are of high quality and coradlithe necessary items to ensure safety during
operation of the fuel station and fuel cell buses.

6.0 CONCLUSION

The Brazilian Fuel Cell Bus Project is the largesiject using hydrogen for energy purposes in the
transportation sector in Brazil. It is contributidgcisively to a better understanding of the achged

of the hydrogen use and that the risks associaitbdat fuel can be adequately managed. Despite th
important gaps in legislation about hydrogen in¢bantry, it was demonstrated that it is possible t
develop large projects with adequate safety usirsgftiel.

The cooperation between companies and governmagtaicies has produced very positive results
and the experience may be used to further acceldratactivities on hydrogen energy in the country.

Besides the cooperation between different natignalips, the experience of the consortium makes
clear that international cooperation is essendiadcelerate the development of hydrogen techredogi
aiming for energy security, environmental improveirgnd sustainability.
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