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s Hy/CO production plant ( 1899 )
» With a Steam Methane Reformer
» Capacity of 32,000 m¥%h of H, and 8,000 m*h of CO
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1 toneleda de H2 emite 9 toneladas de CO2 !l
Total 800 Mt CO2/por afio
(mas que France emisiones)
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Bergen-op-Zoom
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= H,/CO production plant ( 1999 )
= With a Steam Methane Reformer

= Capacity of 32,000 m%h of H, and 8,000 m%h of CO

RESEAU NORD EUROPE : 2 800 km
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- La Prospectiva
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— Fuel Cell Svstem

Electrodes

Power

PSA PEUGEOT CITROEN l :
Electronics

Sensors

FC System
“GENEPAC
20"
(23 kW)

Electric Motor &
Reductor

Monitoring
and Control

Computer

H, storage
4.2 kg @ 700 bar
150 kg

HV Li-lon
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Membrane-electrodes assemblies
(cell)

Bipolar Plates

Cell assemblies
(stack)

155 km/h,100 km/h in 15 s
Autonomia 450 km
Lleno en 3 mn



Remaining heat used for
vehicle climate control

Membrane humidity without
external humidifier

Cold start and driving

equivalent to ICE A e\

Efficiency increased to 59%,
with further improvement

potential

,,,,,,

Efficiency maintained for the
lifetime of the vehicle

energie

Nanofils Si sur Si Pt

L A

Dépot P Dépét ionomire
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Safe storage at 700 bar

More than 500 cars on the road covering
15 million km and 90,000 refuellings

Electrade

Retrait du supp&t, puis des nanaofils

Voltage range improved,
with battery buffering
capacity for increased
durability and efficiency

Catalyst reduced to 2-6
times catalytic converter
loading of ICE. Platinum
recyclable

Systems fit into vehicle
without compromising
cargo volume and weight

Design simplifications,
reduction of material use,
production technology and
economies of scale

20 nm




ncialmente competitivos

U.S. DEPARTMENT OF

ZPTE T Progress — Fuel Cell R&D ENERGY

N ecar 1 Projected Transportation Fuel Cell System Cost
-projected to high-volume (500,000 units per year)-

(1994)
N ) Current status:
250 1 Bl oo eomate $51/KW vs
includes assembly & target of $30/kW
200 | testing)

. [ stacksxw)
Reduced the projected

high-volume cost of fuel 150 -
cells to $51/kW (2010)* 100 | $108/kW soanw Target
$73/W $E1/KW $30/kW
« More than 30% 50 | S5UKW l
reduction since 2008
0 -
. More than 80% 2002 2006 2007 2008 2009 2010 2016
reduction since 2002
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GM Electrovan 1966

Projected Costs at Different Manufacturing Rates
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;3 $250
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£ s200 |
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T $150 |y 5143
*Based on projection 1o high-volume manufacturing 3 118 $110 394
{500,000 units/year). E- $100  —97ny $71 65 i
**Panel found $60 — $B0/KW 1o be a “valid estimare” for $50 B S ——— %51 1

reviews.himi 0 125000 250000 375000 500000
http:/www hydrogen energy gov/pdfs/10004._fuel_cell_cost pdf Annual Pr N Rate (sy year) 5
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System cost

EVis
advantageous

FCV

FCVis
advantageous

Weight & Volume of Energy Storage System for 500 km Range

37L

F

Cruising range

6 kg

170 L

540 kg

360 L

==/, Vision TOYOTA

A it "MV - 1

Vitesse . - .

Regular trains

=

| TovoTA
FCHV-adv

FCHV-BUS

AR B Distance

>

iz 2 Essence, diesel, biocarburants, -
FiSiricié NC, les carburants synthétiques, etc Hyd roQéne

EV: courte distance de banlieue, HV ou PHV: Automobiles,
FCHVs: Utilisation a longue distance

El mercado potencial des FCV
Emite > 70 % de CO2

®



Global Hydrogen & Fuel Cell Jobs

LATIN AMERICA,
720, 2%

USA, 10845, 28%

ASIA+AUSTRALI
A, 15075, 38%

Canada, 2922,
8%

EUROPE, 9084,
249

Source IPHE, NFCHA Paises |Ideres :

(&. ..IG'$

Volume deployments have started

........................................................................................................

1 200 HRS operational (WW)

= 50 buses & 300 demonstration FCV (WW)

London — Bus a pile 3 combustible

= More than 5 000 stationary CHP systems (Japan)

= More than 2 300 Forklift (USA)

Daimler Road Map USA — Chariot &lévateur

Japon, Alemania, Corea, USA, Canada y China
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Commercialization of Residential Fuel Cells
Commercialisation 2009

mark ]
The target sales for 2030 is . ,O’_7 1kW, CHP .
8 M. JPY/unit 2,500,000 units. 12 000 unités installées, subvention
' (General Resource Energy 0 in A ; H ;
Commercialization Survey Committee/Supply and 15 % gain energie prlr,nalre g
Demand Sub-Committee) 28 9% CO2 gagne
it s 846 KgCO2/an/site

3.5M. JPY/unit .
“ENE-FARM?” - The unified logo

I ENE-FARM for Residential Fuel Cells

{0.5—0.7 M. JPY/unit] =
R&D target by NEDO

0

momees B s

Yo

arly 10,00

<1,000 unitslyr | units (2011/Mar.) Cost / unit
'Nearly 5,000 b |
‘  units (2010/Mar.) Lk |
2004 2008-2009 2015- l |

Panasonic

ideas for life
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= Announcement by 13 companies (3 OEMs and 10 energy and infrastructure
providers) and the Ministry of Transport to commercialize FCEYW
=  Mass production of FCEWV by 2015
= 100 HRS operational in 4 four metropolitan areas and connecting highwavys
planned, 1,000 HRS in 2020, and 5,000 HRS in 2030

Overview of selected countries

= South Korea laid out "Green Car Roadmap”™ including action for v, PHEY, HEW,
FCEY., and bio diesel
*+ Plans to have 168 HRS and 100,000 FCEVWV deployed by 2020

« Announced government support for EV of up to EUR 20,000 in rebates, tax
exemptions, and bonus/malus

* Incentives for FCEW will be defined later but are expected to be comparable to EY

+ Hyundai-Kia signed MOU with four Scandinavian countries (Morway, Sweden,
Denmark and lceland) for the provisional distribution of FCEW

+ FCEW will be used to complemeant the Scandinavian Hydrogen Highway
Partnership (SHHP) fleet of 26 FCEYW and to be increased to 46 in 2011

+ SHHP also plans to increase number of HRS from 7 to 15 by 2015

SOURCE: METI; Gc

“H, Mobility” Initiative —

Overcoming the Chicken and Egg Dilemma

- Memorandum of Understanding for “H.,-Mobility” signed Sept. 10th 2009 in Berlin

- Ten key stakeholders from industries (OEM, oil, utility & industrial gas)
and NOW as public-private-partnership

- Intention to build up hydrogen fueling infrastructure
and establishing Germany as lead market
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Source: DVGW e.V. 2011

2015 .“ from 2030 onwar
= g

“Early v ommercialization | - “Mass
commercialization” expanding” o commercialization” .
In 4 major j. '} 47 prefectural g Nation-wide hydrogen ¢
metropolitan areas/! capitals covered, net established af
' 1,000 stations-7 -

! Based n the proposal of Council of Competitiveness-Nippon (COCN
start in 2015
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- Defensonca del Pucble -

INFORME DEFENSORIAL No. 116 =

60 000 Combis en Limal! Bk

En términos de polucion nociva,
particulas y CO2 ...!! ‘“ I

ssssssss camionetas rurales

.MAs %%LE
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Fuente: Ministerio de Transporte y Comunicaciones. 2005.
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Defencorca del Pueble
g . i i INFORME DEFENSORIAL No. 116 |
En America Latina y el Caribe, la contaminacion del aire afecia la salud de mas de 80
millones de personas en la region, provocando anualmente 2.3 millones de cosos de _ ) o
insuficizncia respiratoria crénica en nifios, 100,000 casos de bronguitis crénica en Niveaux moyens en particules atmosphériques (PM — 10)
adultos y cerca de 65 millones de dias de trabajo perdido. Y Part du transport routier
450
Programa de las Nociones Unidas para el medic ambiente [PNUMA] Global Environmental 400
Cutlook|{GED — Lima y Callao, 2004 350

300

El material parficulado genemdo por los automavies diesel aumenta la
ALERGENICIDAD en mas de 20 veces vy los nifios gue viven cerca de zonas urbanas
manifiestan mayores respuestas alérgicas por la alta confaminacion a la que estan
expuestos, comparandolos con los que se encuentran en zonas alejodas de la
ciudad.

250

(ng/m’)

200

Norme UE (40 pg/m)
150 :

100

Comité de Asrcbiclogia de la Sociedad Espafcla de Alergologio & Inmunclogia Clinica 9 New

Los . Sao
Séoul .
Angeles Paulo Delhi

Paris Tokyo Mexico Pékin

En 2l mundo se estima que medio millén de muertes son atribuibles al material

pariculado v al didxido de azufre en 1 aire. Particulas menores a 2.5 micras

8

Hardoy, J.. Mitlin, D {2007 ). Envinonmental problems in an wrbanizing word — Finding solufions for 18 5651
cities in Affica, Asia and Latin America. London, p. 448

Casos notificados de infecciones
respiratorias agudas en menores de 5 anos

Concentraciones (ug/ma3)
BaesgBgBEBS
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— !
1000000 807015
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200000 -+ DGy do de N irdgeno promedios anuales

(o] T
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250 A
= 200 1 EE
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Tableau 2.5. véhicules CNG (gaz naturel et biogaz) dans le monde
(Source : http:/lwww jangv.org/focls-resources/statistics.html)

s |28 E s |23 2

F 22| = E % | =

- |#E |z - | Fz |z
1 | Pakistan 2300000 [ 3068 [ 2009 17 ma 85000 | 860 | 2009
<i Argentine [ 807186 | 1851 | 2009 | 18 | Pérou - 81024 941 2009
1665602 [ 1021 | 2009 19 | Bulgarie 60270 77 | 2009
.4 Brésil A 632101 | 1704 | 2009 | | 20 | Uzbekistan | 47000 43 1 2007
5 | Inde 935000 | 560 | 2009 | | 21 | Malaysie 42617 137 | 2009
6 | Italie 628624 | 730 | 2009 | | 22 | Japon 38042 | 3441 2009
7 | Chine 450000 | 8701 2009 | | 23 | Corée 25744 159 | 2009

(—\‘ du Sud
g Color@,) 300000 | 460 | 2009 | | 24 | Suéde 23000 | 104 | 2009
9 | Ukraine 200000 | 285 | 2006 | | 25 [ Myanmar 22821 38 | 2008
(Birmanie)

10 | Bangladesh | 177553 500 | 2009 | | 26 | Venezuela 15000 150 | 2009
L Thailanda ] 162023 391 | 2009 | | 27 | France 12450 | 125 | 2008
Bolivie 1908 128 | 2009 | | 28 | Canada 12000 80 | 2009
13 | Egypte 119679 119 | 2009 | | 29 [ Tajikistan 10600 53 | 2006
14 | Etats-Unis [ 110000 | 1300 | 2007 | | 30 | Chili 8004 13 | 2009
15| Arménie 101352 | 214 | 2008 | | 31 | Suisse 7163 110 | 2009
16 | Russie 100000 | 244 [ 2009 | | 45 | Pays-Bas 1502 50 | 2009

1. GNV : Gaz Naturel Véhicule ou CNG : Compressed Natural Gas. La terminologie CNG est la plus

employée dans le m

onde.

2. Voiture & moteur deux temps d’Etienne Lenoir en 1863, alimenté au gaz d’éclairage. Véhicules a
gazogeéne au bois ou au charbon de George Imbert en 1920, etc.




% GNV / Hythane® co HC NOx coz2
Véhicule 438 40 <% <70 -30<%<-10 -80<% <-20 15<%<-5
Véhicule 439 50 < % < 300 10 < %< 30 -90 <% <-80 5<%<5

HYTHANE

i

20% of Hydrogen added to 80%
of CNG by volume

* A registered trade mark of
Hydrogen Consultants Inc. USA
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Fuente: Veolia, Resultado Althytude Proyeto
26/1/2011

IRVINE, Calif., Jan. 12, 2012

« 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.”
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natural gas
1,100kWh/m?*

vol. density — kWh/m?

280 kWhim* |

the storage capacity of
hydrogen is about two orders
of magnitude higher than that
of the other storage

| technologies

170 kWh/m?®

AWl o 7kwhime

H, (100%) H, (CC plant)

Utilisation of renewable resources

AA CAES pumped

hydro

—\Wasser EEG ——oWindLand  mmmm Wind offshore

EEG

[ Solarenergie e Geothermie == Strom auferhall EEG

-~ Variante ,Exteme Kosten' ludwig balkow

140 nonEEG  °%

18%

120

@
=]

Structure of electricity generation from renewable resources in 2020

hydro EEG

systemtechnik

Fluctuating &

dispatchable
resources
59%

fluctuating & non-

=
=]

electricity generation (TWh)

ITELE

0

$ O PR D 0 D

SELSELS EE S TS St et

non-
dispatchable
*, | resources
(~9 TWh)

Fluctuating &
non-
dispatchable
resources
21(~82 TWh)

Source: BMU

& -——74——.
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In 2020 fluctuating resources amount to ~91 TWh
(~3 times the value of 2006 / ~15% of total expected power generation of 600 TWh)




Why hydrogen? It’s all about scale....

Pumped Hydro Facility CAES Facility “Concept” Hydrogen Facility

|
Geesthacht Pumped-storage Power Plant  EON Huntorf CAES Plant
V = 3.3 million m? Vageo = 0.3 million m3
minutes
0,1 1 10 100 GWh 1000
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Global Project Scheme

Wind Energy

Hiquetachon Liquid Hydrogen

Gaseous
Hydrogen

Hydrogen Distribution
Pipeline — Truck — Rail - Barge

Genset
1.4 My

Combined Cycle Power Plants || Residential Petrochemical & Industry
Distributed Generation Commercial - Synthesis Gas
Stationary Fuel Cells Oficces - Ammonia Production
Transport (ICE — FC) Others - Fertilizer Manufacture

- Power & Heat

Potencial16,120 MW 10 anos

Produccion Hydrogeno con electrolisis

Liguéfactcon Hydrogeno Production (13.3 milliones m3/an)
38,500 Taxis, 14,300 Bus en Buenos Aires, .

Exportacion.

ng energie atfomique - energies alternatives

2x325 kW eIectronS|s 10-bar, 120 Nm3
Nm3/h O2,

(99.998 %).

Oxygen
Electrolysers BUff r

e —

get “Oxgen Power &
Compressor . Dispach = Control Room

/ “

Patagonian Market

Intemal grid Diadema




SYNFUELS

from coal, Natural Water
gas, electric furnace
oil waste lignite
xygen, Cl
biomass

XTL
BTL
5 % of world oll
production (5m B/d)

Iron steel industry

Cement
i Phosphates

CSP, Thermal solar -> Heat = | a
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er con Hidrogeno verdé*i‘

A!LSaxhdramW'n"u:Hk

NATO ‘Science for Peace’ SfP-982620

D° "# $ ° B 205 & T
&) * +( -‘ '

North Atlantic

| Trade Winds

studv feasability
of producing H2/02 or H2/CI2 by wind
in excess and to use in industrial use :
[ ($0 1 &.)'( 2 - water industry
1 -2 - fertilizer industry, ammonia production,

3 . )
$0(( °0% & iron processing

- chemical...
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- H SH#

- Hit & # 09 $

« Yo creo que el agua, un dia se empleara como combustible, que el
hidrogeno y el oxigeno que la componen se utilizaran de manera
separada o simultaneamente, proveeran una fuente de calor y de luz
inacabables y de una intensidad que el carbdn no podria tener. »

Jules Verne, La Isla_misteriosa (1874)
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Muchas gracias por su atencion

paul.lucchese@cea.fr

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