
1

SEMINARIO INTERNACIONAL

LAS ENERGÍAS RENOVABLES HOY
PERSPECTIVAS DE COLABORACIÓN ENTRE AMÉRICA LATINA Y  EUROPA
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Hidrogeno y pilas a combustible
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Industria química
Vidrio
Metales
Micro electrónico
Alimentación

Campana, Argentina 2010
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1 toneleda de  H2 emite 9 toneladas de CO2 !!!!
Total 800 Mt CO2/por año

(mas que  France emisiones)

CxHyOz CO, H2 H2, CO2
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ManaManaña:a:
ElectrolisisElectrolisis , Co, Co--ElectrolysisElectrolysis , , hydrogenohydrogeno de la de la biomasabiomasa

20m3/h
100 kW
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New catalyst bio-inspired
To replace Platinum

Photoproduction
microorganismes

Bio-Inspired
Photosystem

La La ProspectivaProspectiva

++
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PrincipioPrincipio de la pila a combustible (de la pila a combustible ( PEM Proton Exchange membrane)PEM Proton Exchange membrane)

HH22O + OO + O22

Electrolyte Electrolyte SolidSolid PolymerPolymer

collecteur de collecteur de 
courantcourant

BipolarBipolar collectorcollector
plateplate

HH22OO22
(air)(air)

AnodeAnode
CathodeCathode

MEAMEA

HH22O+ HO+ H22

HH++

HEATHEAT

diffusional zone
(Carbon felt Pt-Nafion impregnated)

active Zone(Pt)

Electrolyte 
(Nafion) 

H+H+

O2O2

e-e-

H2H2

e-e-

H2OH2O

100 µm
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Fuel Cell System

Computer

Sensors

Materials

Electrodes

Membrane-electrodes assemblies
(cell)

Bipolar Plates

Cell assemblies
(stack)

1����������� ����������

Monitoring 
and Control

Power
Electronics

FC System 
“GENEPAC 

20”
(23 kW)

H2 storage
4.2 kg @ 700 bar

150 kg

Electric Motor & 
Reductor DC/DC 

Convertor

HV Li-Ion
Battery
13 to15 

kWh
50 kW

155 km/h,100 km/h in 15 s
Autonomia 450 km 

Lleno en 3 mn
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Temperature dependency
� Cold start and driving 

equivalent to ICE

Water management
� Membrane humidity without 

external humidifier

Heat management
� Remaining heat used for 

vehicle climate control

Efficiency
� Efficiency increased to 59%, 

with further improvement 
potential

Durability
� Efficiency maintained for the 

lifetime of the vehicle

Material cost
� Design simplifications, 

reduction of material use, 
production technology and 
economies of scale

Hydrogen storage
� Safe storage at 700 bar

Size
� Systems fit into vehicle 

without compromising 
cargo volume and weight

Average and peak load
� Voltage range improved, 

with battery buffering 
capacity for increased 
durability and efficiency

Platinum
� Catalyst reduced to 2-6 

times catalytic converter 
loading of ICE. Platinum 
recyclable

More than 500 cars on the road covering 
15 million km and 90,000 refuellings
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NecarNecar 11
(1994)(1994)

GM GM ElectrovanElectrovan 19661966

Progresos integrados en vehículos con gran performa nce 
y potencialmente competitivos
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EV

FCV

S
ys
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t

Cruising range

EV is 
advantageous

FCV is 
advantageous

El mercado potencial des FCV
Emite > 70 % de CO2

¿Por qué los constructores se interesan en la pila a  combustible?
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Source IPHE, NFCHA Países lideres :
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Hot water for Bath, 
Heating

SFC

Hot 
Wat
erT
ank

Dat
a

Data

Fuel

Commercialisation 2009
0,7-1kW CHP

12 000 unités installées, subvention
15 % gain énergie primaire

28 % CO2 gagné
846 KgCO2/an/site 

P���������)�������������
�
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60 000 Combis en Lima!

En términos de polución nociva, 
partículas y CO2 …!! 
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« Quantum  Fuel Systems QTWW 
IncAwarded Contract from Mahindra
& Mahindra (India) for Hydrogen
Vehicle Development for a mini-bus
Plat form »

, 
“QTWW , a global leader in natural gas, 
hydrogen and hybrid electric vehicle 
technologies, Indian automaker Mahindra & 
Mahindra Ltd.
Quantum will engineer and modify 
Mahindra's 2.5L engine to run on clean 
hydrogen, while improving vehicle 
performance characteristics through 
enhanced electronic control software 
strategies and engine calibration.”

IRVINE, Calif., Jan. 12, 2012

Fuente: Veolia, Resultado Althytude Proyeto
26/1/2011
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Potencial16,120 MW  10 anos
Produccion Hydrogeno con electrolisis
Liquéfactcon Hydrogeno Production (13.3 milliones m3/an)
38,500 Taxis, 14,300 Bus en Buenos Aires, .
Exportacion.

2x325 kW electrolysis,10-bar, 120 Nm3/ H2 , 60 
Nm3/h O2, 
(99.998 %).

.

Primera etapa: proyecto experimental
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Cement
Phosphates

industry

Iron steel industry

SYNFUELS 
from coal, Natural 

gas, 
oil waste lignite

CO2
biomass

XTL
BTL

5 % of world oil
production  (5m B/d)

Oxygen, Cl

Water 
electric furnace

PV, Turbine -> Electricity

C-base, biomass Waste, 
CO2

CSP, Thermal solar -> Heat

CHEMICAL

H2, Biofuels,…
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study feasability
of producing H2/O2 or H2/Cl2 by wind
in excess and to use in industrial use :
- water industry
- fertilizer industry, ammonia production, 
- iron processing
- chemical…

¿Qué podemos hacer con Hidrogeno verde?
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« Yo creo que el agua, un día se empleará como combustible, que el 
hidrogeno y el oxigeno que la componen se utilizarán de manera 
separada o simultáneamente, proveerán una fuente de calor y de luz 
inacabables y de una intensidad que el carbón no podría tener. »

Jules Verne, La Isla  misteriosa (1874) 
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Muchas gracias por su atención

Ejemplo concreto : una muy reciente colaboración éx itosa Franco-Peruana 

paul.lucchese@cea.fr
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