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Fundagao: 12 anos
Colaboradores:
- 16 (sendo 6 doutores, 2 mestres, 4 eng., técnicos, quimico e adm)

Equipe e Empresa especializada em:
- Células a combustivel (15 anos experiéncia),
- Baterias, (25 anos experiéncia),
- Tratamento de superficie e corrosao (50 anos experiéncia),
- Energia (30 anos experiéncia),

- Desenvolvimento de produtos. (40 anos experiéncia),
Principais parceiros:
- IPEN, IBG, SABO, CIETEC.

Localizacao:

- Parque tecnologico da USP
Reconhecimentos:
2001 — SAE — Motor de Relutancia
2004 — CNI/Fiesp Meio Ambiente — Fase Estadual

2004 — CNI Meio Ambiente — Fase Nacional
2006 — FGVSP/CES - New Ventures/WRI

Empresa Sustentavel
2008 - Selo ANPEI de Empresa Inovadora
2009 —Premio Finep de Inovagao
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Célula a Combustivel / Fuel Cell

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

e Energia limpa

* Sem barulho no seu funcionamento
Meio * Sem emissdo de poluentes

INGLIERIEN « Unico residuo é dgua pura

* Energia estdvel e de alta qualidade

Mercado * Geracdo distribuida

BRAZIL - ELECTROCELL - 28 september 2010
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' FUEL CELL TODAY

Opening doors to fuel cell commercialisation

Fuel Cell Today Market Survey
Large Stationary Applications 2006
Kerry-Ann Adamson, Fuel Cell Today, 2 October 2006

Over the last year the Large Stationary! sector has moved forward substantially. As we
mentianed last year, If the 2008 date for commercialisation that was being talked about during
2005 was serious then we would nesd to see increased activlty in a number of areas. These
Included manufacturing capabiity, Increased funding for wnits to go Into the field and
fundamentally increased interest from commercial adopters.

All of these areas have seen activity. Examples include
FuelCell Energy increases its manufacturing capability by a third,

Nuvera teaming up with Uhdenora and Caffaro targeting Chisrate plants which produce
excess hydrogen. By creating a win-win, where the plants use the excess hydrogen to
pawer the fuel cell, not anly does the adopter's utiities bills decrease but Nuvera has
created a, potentially, large market for its Forza PEM units without the need for additional

hydrogen infrastructure.
Projects with a large increase in MW have been opened for tender (see Funding for mare
infarmation on this)

I Energy’s new DFC(T)

FueiCal
(picture courtesy of FuelCell Energy)
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1 www fueicelitoday.com

The 1.4 MW UTC fuel cell installation at Garden City, New York

{picture courtesy of UTC)
The other very high profile project that UTC is invalved with the Verizon call-switching centre in
Garden City, New York. This location Is home to 1.4 MW (7 x 200kW units) PAFC power. To
date this is the largest such fuel cell project in the world. The units, which have a low sound
profile of only 60 dBa, are being run off natural gas or digester gas and are expected to
operate in parallel with the grid, under normal operating conditions, or as primary power under
grid failure conditions.

Electrocell {Brazil} is developing 50 and 5kW EcoGem stationary units for the South
American market. The SOKW unit can be run off either natural gas or ethanol and is
advertised as being very compact. Electrocell also state that they working on units

up to 250kW.

The S0kW EcoGem unit from Electrocell
{picture courtesy of Electroceil)

General Motoers (USA) is working with Dow Chemicals on a large stationary fuel cell project
in Freeport, Texas. This project has been ongoing since 2003, with Phase 1 seeing the testing

16 www.fuelcelltoday.com

of single units. Phase 2 was launched late 2004 with muliple fuel cells in use. If this proves
successful, and there appesrs Nothing to the contrary 5o far, then Phase 3 is slated for launch
in 2007. Phase 3 could see up Lo 400 fuel cells providing o total of JSMW of energy

Hydrogenics (Canada) is now seling a scaleable PEM unit for stationary power. Through its
Power Systems Subgroup It Markets the HyPM XR (shown below). ANGUGH the overwhelming
majority of its units has so far been sub 10kW this year saw the sale of three 12kW Pawer
Modules to a mobile telecom company in Asla. The units are to be used in a back-up power
appiication. They proprietary Fuel Cell Power Modules are designed to be rack mountable and
include all the parts to operate in the telecoms industry

.,

P S

The HyPM 65 (kW) and HyPM 10 (kW) units from Hydrogenics
(picture courtesy of Hydrogenics)
Nuvera Fuel Cells: (Italy/USA) has interests in a number of different application areas using
Its PEM technology. As well as large and small stationary it I also developing units for ight
duty wehicles, trains and forklifts. Its Forza Industrial Power S00KW PEM unit is of relevance to
this survey. This unit can be used & building BIock to Create Multi-MW units. Nuvera has a
different market strategy to many other companies and has teamed up with Uhdenora, which
owns electrochemical plants, to start using the fuel cells in the chlor-alkali market. Within this
market it s claimed that large amounts of high-purity hydrogen are released, the equivalent of
gas flares in the petrochemical industry. AS this hydrogen is essentially a waste Product, using
it through & fuel cell to generste electricity for the pIant is Something of & win-win. The first
such project was switched on in early July 2006 and will generate 120kW of power. Nuvera
claim that 2006 will see the commercial launch of the Forza unit

[4s Bailard Power Systems (Canads) have given no indication that since the 2003 trial of the
its 250KW PEM unit any further work on large stationary has been done it has been decided to
drop Balterd from this list])

17 www fuelcelitoday.com




FuelCellToday

Informing the fuel cell industry Journal “Fuel Cell Today “— Agosto 2008
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Economics

Uhen ocking athe cost tructure of rgestatoary fuelcls there ar t prsenteafsicalyasy FelCell Enery and UTC
ug u St Power who have costs that are not one-off deals.

Next year sees the launch of the 400kW PureCell from UTC Power. The company has provided a dear market signal regarding
the unit by forward pricing it at US$1 million installed cost, or US$2500 per kW. According to the company’s own calculations
his by uss12
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FusiCall Energy is currently reparting electricity prices from its DFC URits at USS15 cents per KW/h with 2 future targeted in-
www fuelcelitoday.com
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Produtos para Apoio para Pesquisa

8 tipos de Bancadas de testes
12 tipos de Células a combustivel tipo PEM
Unidades estacionarias (7° Geragao)
Sistema de umidificacao
Placas bi-polares

MEA’s

Sensor de hidrogénio

Carga dinamica

Eletrbnica de poténcia
Eletrénica de controle
Sistema de seguranca
Controlador massico de vazao
Controlador de temperatura
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Unidade Back-up - 50kW PEM Fuel Cell

Client: AES/Eletropaulo ECOgem S0kW

—

Z12CTROCELL Sathogy

CNI

A 50kW PEM
Stationary Fuel
cell

Remote Energy
Generation

*Residential
*Office Building
*Back up Energy




Unidade de fabricacao de placas bipolares
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Unidade Back-up - 5kW - Natural Gas

Ecogem SkW

|

= ELECTROCELL

Up to 25kW

Remote Energy
generation

*Residential
*Back up Energy

*Natural Gas
reformer
integrated



Sistema para TELECOM 5kw - Backup
Power

SISTEMA DE CELULA A COMBUSTIVEL

ELECTROCELL - CACEL
BATERIA
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CONSUMIDORES DIODO CONVERSOR CELULA A
BLOQUEIO ccicc COMBUSTIVEL

TENSAO DE SAIDA DA CELULA: 46VCC (TENSAO MINIMA INTERNA ATE
53VCC(TENSAO MAXIMA DA CELULA).

A REGULAGEM DO CONVERSOR CC/CC E DEFINIDA CONFORME
FLUTUAGAO DO SISTEMA A SER ATENDIDO.

* 5kW DC Output
* Output tension: from 46VCC to 53VCC

* Build according Telecom specifications

* Scalable to until 10 hours of autonomy
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Sistema de tracao Hibrida: Li Battery / 80kWFuel
Cell
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Mercado de Energia - Tendéncias

* Mudanca de Geracao Centralizada de energia para Geracao Distribuida
% Menor Custo de Investimento

% Perdas minimas na distribuicdo (normalmente 15% da energia gerada é
perdida no transporte aos centros consumidores)

Centralized Distributed utility of tomaorrow

utility of l<:u::|a':,.r Loty
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* Diversificacao da Matriz Energética

% Crescimento das fontes de energia renovaveis
% Edlica, solar, PCHs(Pequenas Centrais Hidrelétricas) e CELULAS A COMBUSTIVEL



Fontes para Geracao de Hidrogénio - HOJE

* Opcoes de Energia Renovavel e nao e suas matérias primas

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

Hidrogénio Renovavel

Alcool

Etanol Brasil 2009
27.Bilhoes de litros

Biodiesel, GN

Eletrdlise da agua

http://lwww.gasnet.com.br/
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Hydrogen Pipiline - USA

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

o Baton Rouge
Geismar

. Westlake Addis I
Channelview co o™ ;_ rleans

Houston .

Texas

......
S bt

Victoria
Three Rivers

02 oo 1070 km Bo2m2 plant

Kingsville NZ s 1280 km  [ACogeneration plant

HZ e 415 km [AH2 andfor CO plant

www.airliquide.com/en/our-offer/products/pipelines.html



Hydrogen Pipiline - USA
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drogen Pipiline - Belgica

Northern Network Europe : 2,800 km
» Rotterdam

PN #ir separation Unit
I Croygan

= Mitrogen

mm Angon

Hydroden andfor
Carbon Monoxida Unit

w.air-liquideuk.co.uk/hydrogen/air-liquide-group/key-
ml



Desafios: Distribuicao

Inauguracao do Posto de H2 em Berlim
24.05.20 (
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Posto de hidrogénio na Suécia —
Stuart Energy

ISO - TC 197/WG 5 Gaseous hydrogen - Land vehicle filling connectors



Armazenamento de Hidrogénio

e Armazenamento como hidrogénio gasoso
e Armazenamento como hidrogénio liquido

e Armazenamento como compostos

intermetalicos
— Hidretos metalicos

e 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



Mercado

S/kW

e e e DataCom

“OPPORTUNITY GAP”

Industrial Processes

Hospitals & Institutions

Small Commercial

Residential
Automotive
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Potential markets for Electrocell in
Brazil

1.000 Modern office

* Back-up Energy for essential applications in the
industry and service business

* Applications that need high quality energy

43.961 - Mobile applications
Antennas

6.000 Hospitals 5 to 10kW

and

_— = mad o -
b

1.291 ISPs and Datacenters

aE—g
270.000 Mainframes

2MW back-up

GGGGG

CELULAS A COMBUSTIVEL
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Beneficios do Hidrogénio Renovavel

% Geral
% Hidrogénio renovavel é produzido pelo combustivel do local
% Menor dependéncia de importacdao de combustiveis féssil
% Beneficio a balanca comercial
$ Fornece energia elétrica no local, sem perda na transmissao
% Social
% Criacdo de empregos de qualidade em regides rurais
% Requalificacdo profissional para populacao local
% Manutencdo das pessoas em seus locais de origem
% Econémico
% Diversificagcio e melhor renda em regiées basicamente agrarias
% Melhoria da competitividade e de produtos de maior valor agregado

% Desenvolvimento do setor de agronegécios e da economia em geral
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Electrocell s Next Generation Batteries

BIPOLAR PLATE BATTERY (Technical Superiority)

¢ Possui 40% menos chumbo que a bateria convencional

¢ Durabilidade de 1.000 ciclos de carga / descarga a 100% DoD
(tradicional de Pb automotiva 100 ciclos).

Tecnologia

* 100% Reciclavel
Meio * Se enquadra nos padrdes ecoldgicos europeus
Ambiente

* Custo similar a Chumbo acida convencional

¢ Mais leve (menor custo de transporte)

. E§||:_>ecificamente desenvolvida para energia fotovoltaicas e
edlica

SeRINIERE « Duas patentes depositadas, sendo uma delas também no
mercado exterior: Argentina, Chile, PCT mundial.

e Menor custo R$/Km
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A Nova geracao das Baterias

Electrocell’s Bipolar Plate Battery

rf(ti"’"
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High Energy - Medidm Power
For EV (Electric Venhicle)

High Power - Medium Power
For PV (Photo Voltaic)
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http://www.adespec.com.br/index.html
http://www.adts.com.br/index.php

| Congresso Internacional de Hidrogénio
- Alemanha - WHIC/ Essen - 24.05.10
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Congresso Internacional de Hidrogénio -
Alemanha / WHICH Essen - 24.05.10
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Congresso Internacional de Hidrogénio -
Alemanha / Essen - 24.05.10
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Submarino

A Siemens forneceu as células parao U 31 -
submarino alemao e para o submarino Grego
da classe 209, com opc¢ao para 40 unidades
de células do tipo PEM

Projeto desenvolvido por Howaldtswerke-Deutsche Werft AG



Unidades de

energy

© € ©

(Above) This tractortrailer-sized generator from Ballard preduces 1 MW of additicnal power using hy-
drogen fuel cells. FirstEnergy Generation Corp., Ohio, L5.A., isinstalling the unit to provide peak power
in Eastlake, Ohio, for a five-year trial. (Right) The fuel call system comprises nine modified bus fuel cell
madules arranged in three banks of three.

Custo instalagao: Aprox.1000USD/kW



Performance

Power Qutput

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

LHV 47 +/- 2 %
Available Heat

Exhaust Temperature TOO +/- 50 °F
Exhaust Flow 36,600 Ib/h
Allowable Backpressure 5 iwec
Heat Energy Available for Recovery

{to 250°F)

4,433,000 Btu/h

{to 120°F)

7,460,000 Btu/h

Fuel Consumption

Natural gas (at 930 Btu/ft") 362 scfm

Heat Rate, LHY

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
S0x 0.0001 Ib/MWh
PM10 0,00002 Ib/MWh

Greenhouse Gas Emissions
CO:

CO: (with waste heat recovery)

980 Ib/MWh
520-680 Ib/MWh

Sound Level

-http"' fuel 1l 9‘,’ com.

72 dB(A) at 10 feet




ASSOCIACAO
QBH]‘ BRASILEIRA
DE_ NORMAS
TECNICAS

Desenvolvimento das Normas Técnicas de
Hidrogénio na ABNT e na ISO.

e ABNT (www.abnt.org.br)
e ISO (www.iso.org) — Membro Permanente
e IEC - Membro Observador
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=1SO Subcommittee/Working
Group

TC 197/WG 5
TC 197/WG 6
TC 197/WG 8
TC 197/WG 9
TC 197/WG 10

TC 197/WG 11
TC 197/WG 12
TC 197/WG 13
TC 197/WG 14

TC 197/WG 15

1SO

Title Hydrogen technologies

Gaseous hydrogen - Land vehicle filling connectors

Gaseous hydrogen and hydrogen blends - Land vehicle fuel tanks
Hydrogen generators using water electrolysis process

Hydrogen generators using fuel processing technologies

Transportable gas storage devices - Hydrogen absorbed in reversible
metal hydride

Gaseous hydrogen - Service stations
Hydrogen fuel - Product specification
Hydrogen detectors

Hydrogen fuel - Product Specification - Proton exchange membrane
(PEM) fuel cell applications for stationary appliances

Gaseous hydrogen - Cylinders and tubes for stationary storage

GGGGG

LLLLLLLLLLLLLLLLLLL



IEC

IEC Working Group :

WG 1 - Terminology

WG 2 - Fuel cell modules

WG 3 - Stationary fuel cell power systems - Safety

WG 4 - Performance of Fuel Cell Power Systems

WG 5 - Stationary Fuel Cell Power Systems - Installation
WG 6 - Fuel cell system for propulsion and auxiliary power units (APU)
WG 7 - Portable fuel cell power systems - Safety

WG 8 - Micro fuel cell power systems - Safety

WG 9 - Micro fuel cell power systems - Performance

WG 10 - Micro fuel cell power systems - Interchangeability

‘WG 11 - Fuel cell technologies - Part 7-1: Single Cell Test Method for Polymer Electrolyte Fuel
|CeII (PEFC)

WG AHG1 - Identification of the market needs for standardization work on fuel cell systems for
hopulsmn and auxiliary power units
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Membros — 24 instituicoes e 42 pessoas) — 5 anos

ABNT Alvaro Almeida Claudio Guerreiro Eduardo Lima Victor Jardim
ABNT/CB-03 Martin Crnugelj
ABNT/CB-50 Arlindo Lima Charbel
ANP (SSS\(/);‘ge Rodrigues da Pedro Henrique Lemmers
1 CEMIG Andre Martins Carvalho
CNEH / Newton Pimenta Neves Jr | Cristiano Silva Pinto
UNICAMP
COPPE P::_]ulo Emilio V. de
Miranda
CPgD M. Fatima N. C. Rondem | Luiz Eduardo F. Dias ¢ | Maria do Rosario
Hurtado
ELECTROCELL Gerhard Ett
EMTU Marcio Schetino
EPE Janaina Francisco Sala
INMETRO csc’fvregi'roa Pinheiro de Adriana da Cunha Rocha | Jorge Troca Filho
INT Claudio Maris Ferreira Mar!a Conceicao Greca Verg Lucia Maia
Marinho Lellis
IPEN Angelo Massatoshi Ebesui | Adonis M. Saliba Silva
IPT Joao Guilherme R. Pogo
LACTEC Mauricio Cantao
MCT Adriano Duarte FO°
MME Symone C. S. Araujo
Novocell Valdemar Stelita
Patricia
. . Hani Hussein Aly | Oscar Felizzola Costa
PETROBRAS Newton Reis de Moura Pedro Villalobos El Sharawy Souza Gonzalez de
Nunes
UENF Herval Ramos Paes Jr

1HENMC

Rosana Zacarias

Mavrcrin CalAdairsa RersrnvdE N




DE NORMAS

TEcNIcAs  Células a Combustivel em 2010

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

@J srasiciia ~ NORMAS de HIDROGENIO e

2. ABNT ISO/TR 15916:2010
Consideracoes 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 aplicacoes, exceto células a combustivel de membrana de troca de
préotons (PEM) para veiculos rodoviarios 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 conexdo para reabastecimento de veiculos terrestres com hidrogénio
comprimido

6. ABNT NBR IEC 62282-2: 2010

Tecnologia de Célula a Combustivel - Parte 2

Previsao - elaboracao 5 para 2011 & ECTROCELL

LLLLLLLLLLLLLLLLLLL



cietec

: Innovation & Entrepreneurship GROUP

ELECTROCELL

FUEL CELL ENERGY

Thank you for your time!

Gerhard Ett

Diretor Electrocell
gerhard@electrocell.com.br

Tel: (+55 11) 3039-8321 / 8322 / 8333
www.electrocell.com.br

Coordenador ABNT - CB67 -
Tecnologia do Hidrogénio e Células a combustivel
www.abnt.org.br

Brasil
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