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Fontes para Geracao de Hidrogénio - HOJE

 Opcgoes de Energia Renovavel e ndo e suas matérias primas

Lenha — — Biogas
Carvao Vegetal — — Vinhoto
Briquetes — — Bagaco e Palha
y

Hidrogénio Renovavel

Biodiesel, GN Alcool

Etanol Brasil 2009
27.BilhOes de litros

Eletrélise da agua

ECONOMIA DO HlDROGENIO http://www.gasnet.com.br/ %PEECIQOCELL@
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Fonte primaria do Combustivel

|  ELECTRICITYIN |

REVERSE POLYMER FUEL CELL

| WATER (H20) IN | | HYDROGEN (H2) STORAGE |

[WATER (H20) OUT|

Fonte: DOE
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Alcoolduto multimodal

GASDDUTOS

= EM OPERACAD

= EM CONSTRUGAQ
EM ESTUDO

= BOLIVIA/BRASIL

@

RESERVAS DE GAS
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e E0pol i
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de guaiana “2pel Florianapolis
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Fonte: Petrobras /
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Potencial edlico
Mapa de ventos do Brasil
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NATURAL GAS PIPELINE — USA

Legend
—— Interstate Pipelines
Intrastate Fipelines

Source: 7
Energy Informaticn Administration, Office of Oil & Gas, B 7
Matural Gas Division, Gas Transportation Information System i
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NATURAL GAS PIPELINE — EUROPE (Projeto Inogate)
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Tendéncias?

Hidrogénio liquido
21K

ELECTROCELL
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Hidrogénio

1Kg de H, tem aprox. a mesma energia que: 3,5L de petrdleo, 2,1Kg gas

natural, 2,8Kg de gasolina

Incolor, inodora, densidade 0,0899g/L (14 vezes mais leve que o ar)

Elemento mais abundante do universo (75%) - (NREL)

Terceiro elemento mais abundante na Terra

30% da massa do Sol

Combustado do H, - gera 28.890kcal/kg

Combustivel (MJ/kg, 25°C) |fator
Hidrogénio* 141.90 1.00
Gasolina 47 .27 0.33
Gas Natural 47 .21 0.33
Metano 55.55 0.39
Metanol 22.69 0.16
Etanol 29.70 0.21
Querosene 46.00 0.32
Carvao 31.38 0.22
Madeira 17.12 0.12

GGGGG =

ELECTROCELL
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Fontes para Geracao de Hidrogénio

¢ Como o hidrogénio é gerado no mundo atualmente:

Total 500 bilhdes de M3/ano

Eletrolise
4%

Carvao
18%

Gas Natural
48%

Petroleo
30%

Fonte: Key World Energy Statistics 2004

Antes de normalizar € impressindivel conhecer o mercado e atecnologia

l:l.l:CTF!()CELI.®
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Producao de hidrogénio

* Eletrdlise da agua:

1. Eletrdlise convencional (eletrolisadores)
2. Eletrélise avancada (eletrodos e membranas especiais )

- Na California existem postos de hidrogénio operados pela Honda e Toyota que
produzem H, via células foto-voltaicas.

TC 197/WG 8 Hydrogen generators using water electrolysis process

* Gaseificacao de combustiveis fosseis e biomassa
A gaseificagdo do carvao
C+1/2(0, + 4N,)<> CO + 2N,
CO + H,0 <> CO, + H2
» Reforma-vapor de hidrocarbonetos leves
» Oxidacdo parcial de hidrocarbonetos pesados
» Reforma-vapor do etanol e do gés natural
CH, +2H,0¢> 4H, + CO, = 1m3GN produz 3,5 m3 hidrogénio
obs: 1MW, consome: 200m3/h GN
C,H;OH+3H,0 <> 6H, + 2CO, = 1m3 etanol produz 1.958m3 hidrogénio
obs: 1MW, consome: 350L/h etanol

GGGGG

TC 197/ WG 9 Hydrogen generators using fuel processing technologies



Reformador Flex (GN, etanol) — tendéncias?

V H,: > 78 Vol-%

VCH,:<1Vol-% «—— | CO-remogao
Vv CO,: ca. 20 Vol-%

Vv CO: <20 ppm

(metanizacéo)

Trocador de calor

CO-shift

Trocador de calor

reformador

Gas de exastéo

~

\

Vaporisador (etanol)

Queimador

®

L] - W W .
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Desafios?

Inaugurac¢ao do Posto de H2 em Berlim
24.05.2010

ccccc
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Posto de hidrogénio na Suécia —
Stuart Energy

(

1ISO - TC 197/WG 5 Gaseous hydrogen - Land vehicle
filling connectors S [—
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Armazenamento de Hidrogénio

* Armazenamento como hidrogénio gasoso

(cilindros) — Alta pressao 700bar
* Armazenamento como hidrogénio liquido

* Armazenamento como compostos

intermetalicos

— Hidretos metalicos

[ )
Nanotubos de carbono Cilindro de aluminio revestido

com fibra de carbono e resina

ISO TC 197/WG 15 Gaseous hydrogen - Cylinders and tubes for stationary storage



Hydrogen Pipiline - USA

Gulf coast & Mississipi river
Pipeline networks Louisiana
(+ 2700 km pipelines)

o Baton Rouge

Geismar

: : Westlake Addis
eaumon
Channelview Lake Charles Plagueminer

Port Neches

®

Houston* —

Texas

Victoria
Three Rivers v .’

Bishop §8 ok, Zden 02 s 1070 km M Oo2/N2 plant
Klnosv"w corpus ChﬂSﬂ N2 sosssssss 1280 km E¥Cogeneration plant

H2 sosssssm 415 km [AH2 and/or CO plant
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Hydrogen Pipiline - USA

[anbuny Hen Hawven

Ly
Bridgeport-Stamford

Franklin

Bapviftroudsh
- il Riverhead

£ ok-Newark

i
Hightstown
renton

o
Browns hdills

ammaonton

o
Atlantic City

o

Wil dveo od-Horth Virildwood-Cape M
*

Milford

Letas

L
. Chezapeake Be FAfton

Plashington
St Charles

*
Cambridge

L2
& .
Salisbury Ocean City

o
i *
Frederideburg Chesapeake Ranch Estates-Doum Po

http://www.mistaya.ca/software/hynoon.htm
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Hydrogen Pipiline - Belgica

Northern Network Europe : 2,800 km

I Air separation Unit

== Oxygen

23 Nitrogen

== Argon

I Hrceoden andior
Carbon Monoxide Unit

8 Hydrogen
mm Carbon Monoxide

(bgonoraﬁonUnlt
EWWt

@WW
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Células a Combustivel - Tecnologia do hidrogénio

 Alta Eficiencia (60%)
e Custos decrescentes
 Competitivo com bateriais especiais

e Energia limpa

e Sem barulho no seu funcionamento
Meio  Sem emissao de poluentes

LIERIEN « Unico residuo é dgua pura

 Energia estavel e de alta qualidade
» Geracgao distribuida

Mercado

ccccc
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CELULAS A COMBUSTIVEL
Sao geradores eletroquimicos de eletricidade

Heat

N
—ir [ve— ‘_
E [ ’Ka
= =

No anodo: 2H, —» 4H* + 4de
No catodo: O, + 4H* > 2H.,0
Reacéo Global: 2H, + O, » 2H.,0

Hydrogen
(Hz) in

Water
(Hz0) out

“Convertem energia quimica em energia elétrica
através das reacdes de oxidacao do combustivel (hidrogénio) e reducéo do
comburente (oxigénio) promovidas pelo catalisador.”




Mercado

) MERCADO
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Projecdes de Mercado

Previsao de mercado mundial da InduUstria
de Células a Combustivel:

Em 2021- superior a USS 2 tri

Fonte: DTI 2004 Japan Report

ccccc
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Tecnologia brasileira

5-80kW Célula a Combustivel Estacionaria

IEC - WG 4 - Performance of Fuel Cell Power Systems

Cliente: CEPEL Cliente: Eletropaulo

< Euc‘aoc ELL \

Ecogem 50kW

—

| ElEogy,

—

L

‘;
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http://www.google.com.br/imgres?imgurl=http://www.ctc.puc-rio.br/emq2008/marca_inmetro.jpg&imgrefurl=http://www.ctc.puc-rio.br/emq2008/&usg=__Cty38n_olenhbizdArCIAilce7M=&h=1267&w=1096&sz=79&hl=pt-BR&start=1&sig2=IOmR8fUoukwevTUTwrFQZQ&um=1&itbs=1&tbnid=8Bx4-F6GebWu1M:&tbnh=150&tbnw=130&prev=/images%3Fq%3Dinmetro%26um%3D1%26hl%3Dpt-BR%26sa%3DN%26rls%3Dcom.microsoft:pt-br:IE-SearchBox%26rlz%3D1I7ADFA_pt-BR%26tbs%3Disch:1&ei=tOczTNLYDYaSnAeHr6CMBQ

Tecnologia brasileira

Onibus a Hidrogénio - COPPE — R/

« Onibus de propulsdo hibrida (bateria + Célula) com freio regenerativo
* Lancamento: Junho de 2010

Responsabilidades Electrocell: Engenharia do sistema de Célula a Combustivel

CELULAS A COMBUSTIVEL
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Unidades de 1MW

energyi

C A

Ff‘i‘ffp{gy LD

© o ©

(Above) This tractor-trailer-sized generator from Ballard produces 1 MW of additional power using hy-
drogen fuel cells. FirstEnergy Generation Corp., Ohio, U.S.A., is installing the unit to provide peak power
in Eastlake, Ohio, for a five-year trial. (Right) The fuel cell system comprises nine modified bus fuel cell
modules arranged in three banks of three.

Custo instalagdo: Aprex.1000USD/KW .
ceLleCROCELL
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Performance

Power Output

Power @ Plant Rating 2,800 kW
Standard Output AC Voltage 13,800 V
Standard Frequency 60 Hz
Optional Output AC Voltages 12,700, 4,160 V
Optional Output Frequency 50 Hz
Efficiency

LHV 47 +-2 %
Available Heat

Exhaust Temperature 700 +/~ 50 °F
Exhaust Flow 36,600 Ib/h
Allowable Backpressure 5 iwc
Heat Energy Available for Recovery

(to 250°F)

4,433,000 Btu/h

(to 120°F)

7,460,000 Btuw/h

Fuel Consumption

Natural gas (at 930 Btu/ft’) 362 scfm
Heat Rate, LHV 7,260 BTU/KWh

Water Consumption

Average 9 gpm
Peak during WTS backflush 30 gpm
Water Discharge

Average 4,5 gpm
Peak during WTS backflush 30 gpm
Pollutant Emissions

NOx 0.01 Ib/MWh
SOx 0.0001 lb/MWh
PM10 0.00002 Ib/MWh

Greenhouse Gas Emissions
CO:

CO:= (with waste heat recovery)

980 Ib/MWh
520-680 1b/MWh

Sound Level

hito-/Aasavnsfuelcelenerav.com
g P4

72 dB(A) at 10 feet

'OCELL’
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Roadmap

“OPPORTUNITY GAP”

DataCom
Industrial Processes

Hospitals & Institutions

Small Commercial

Residential
Automotive




Potential markets for Electrocell in Brazil

4 )
 Back-up Energy for essential applications in the
industry and service business
 Applications that need high quality energy
- /

6.000 Hospitals and
Chirurgic centers

263 Shoppings Centers

2MW back-up

1.000 Modern office buildings

43.961 - Mobile applications
Antennas

5to 10kW

270.000 Mainframes

ccccc

CELULAS A COMBUSTIVEL


http://images.google.com.br/imgres?imgurl=http://www.aproimage.com/datacenter.GIF&imgrefurl=http://www.aproimage.com/integrator.asp&h=900&w=960&sz=386&hl=pt-BR&start=14&tbnid=z77Bf52o8c1hpM:&tbnh=139&tbnw=148&prev=/images?q=datacenter&svnum=10&hl=pt-BR&lr=&sa=G

Plenaria ISO e
Congresso WHIC — 2010 / Essen

 Em todas as apresentacoes das plenarias do congresso,
colocaram como prioridade a normalizacao

* Presentes 5 ministros de estado

A Comunidade européria colocou em regime de urgéncia a
publicacdao de normas para hidrogénio e Célula a combustivel







DOE Key Challenges

The DOE Program has been addressing the key challenges facing the widespread

commercialization of fuel cells.

Fuel Cell Cost & Durability
Targets*:

Stationary Systems: $750 per kW,
40,000-hr durability

Vehicles: $30 per kW, 5,000-hr durability

Hydrogen Cost
Target: $2 - 3 /gge, delivered

Technology
Barriers*

Hydrogen Storage Capacity

Target: > 300-mile range for vehicles—without
compromising interior space or performance

Technology
Validation:

Technologies must be
demonstrated under

real-world conditions.

Safety, Codes & Standards Development

Domestic Manufacturing & Supplier Base

2
9
=
=
(]
0

Public Awareness & Acceptance

%'
95
&%
o=
c >
o‘lll
(/)
il £

Hydrogen Supply & Delivery Infrastructure

*Metrics available/under development for various applications

Market
Transformation

Assisting the growth of
early markets will help
to overcome many
barriers, including
achieving significant
cost reductions through
economies of scale.

ccccc
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Fuel Cells for Stationary Power,
Auxiliary Power, and Specialty
Vehicles

The largest markets for fuel cells today are in
stationary power, portable power, auxiliary power
units, and forklifts.

~75,000fuel cells have been shipped
worldwide.

~24,000fuel cells were shipped in 2009 (> 40%
increase over 2008).

Fuel cells can be a cost-
competitive option for
critical-load facilities,
backup power, and
forklifts.

Production & Delivery of
Hydrogen
In the U.S., there are currently:

~9 million mefric fons

of H, produced annually
> 1200 miles of
H, pipelines

Fuel Cells for

Transportation
In the U.S., there are currently:

> 200 fuel cell vehicles
> 20 fuel cell buses
~ 60 fueling stations

Several
manufacturers—
including Toyota,
Honda, Hyundai,
Daimler, GM, and
Proterra (buses)
—have
announced plans
to commercialize
vehicles by 2015.
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€ Introduction state of household fuel cells in Japan

= 3,000 fuel cell systems or more have operated in the large-scale
field test project for four years.

= 5,500 fuel cell systems were sold in the general market on
an industry-wide basis in FY2009.

€ Panasonic's development state

= Achieved a power generation efficiency of 39% (LHV) and a total
efficiency of 93% (LHV).

= A power generating duration of 40,000 hours and a durability of
4,000 start/stop operations have been ensured.

€ Issues in full-fledged distribution

» Further cost reduction by research and development and
economies of scale are required.

Panasonic ideas for life




German National Innovation Program (NIP)
Hydrogen and Fuel Cell Technology

NIP is supported by = 200 M€ funded by Fed. Mini
@ | Faderal "p“liﬁ'f_’é'}m-mg of Economics
and Urban Affairs _ focus R&D

60 | et vanay = 500 M€ funded by Fed. Min

@
and Technology TraﬂSpOI't, BUI|C|IHQ, Urban Aﬁzq
I I I D - focus demonstration
Ll e = 700 M€ industry contributior

and Researc h

* Federal Ministry for the = 1.400 M€ tOta| bUdgEt

Environment, Nature Conservation
and Nuclear Safety

= Duration: 2007-2016

NIP is a strategic alliance b/w German politics, industry and academia
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Congresso Internacional de Hidrogénio - Alemanha
/ Essen —24.05.10
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DE NORMAS

qBHT srasiera  NORMAS de HIDROGENIO e
TECNICAS  Células a Combustivel em 2010

1. ABNT IEC/TS 62282-1:2009
Terminologia

2. ABNT ISO/TR 15916:2010
Consideragdes basicas para a seguranca dos sistemas de hidrogénio

3. ABNT NBR ISO 14687-1:2010

Combustivel de hidrogénio — Especificacao do produto

Parte 1: Todas as aplicacdes, exceto células a combustivel de membrana de troca de prdotons (PEM) para
veiculos rodovidrios automotores

4. ABNT NBR ISO 16110-1:2010
Geradores de hidrogénio que utilizam tecnologias de processamento de combustivel
Parte 1: Seguranca

5. ABNT NBR ISO 17268:2010

Dispositivos de conexao para reabastecimento de veiculos terrestres com hidrogénio comprimido
6. ABNT NBR IEC 62282-2: 2010 (CONSULTA NACIONAL - 21.06.10)

Tecnologia de Célula a Combustivel - Parte 2

Previsdo - elaborag¢ao 5 para 2010

GGGGG
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Obrigado '

Dr. Gerhard Ett
Diretor — Electrocell
Coordenador ABNT/CEE-067 (Tecnologia de hidrogénio)

gerhard@electrocell.com.br
+55 (11) 3039-8322
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