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Infrastructure Discussion

B Today’s state of affairs
® The next few years

® Longer term
¥ Indian market


http://rds.yahoo.com/_ylt=A0WTefZFv7pJx0ABtRCJzbkF;_ylu=X3oDMTBqM3IzZ25kBHBvcwMzMgRzZWMDc3IEdnRpZAM-/SIG=1kipumo1k/EXP=1237061829/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=gas+pipelines&ei=UTF-8&fr=yfp-t-501-s&xargs=0&pstart=1&b=21&ni=20&w=176&h=265&imgurl=www.newcenturysoftware.com/sectors/images/img_gas_transmission_pipelines.jpg&rurl=http://www.newcenturysoftware.com/sectors/gas_transmission_pipelines.html&size=26.2kB&name=img_gas_transmission_pipelines.jpg&p=gas+pipelines&type=JPG&oid=b412463dbdedb1a4&no=32&tt=13,923&sigr=1297275o9&sigi=12caq43ou&sigb=13g7ep6ce

Infrastructure

The term infrastructure has been used since 1927 to
refer collectively to the roads, bridges, rail lines, power
grids, gas networks and similar public works that are
required for an industrial economy, or a portion of it,
to function.
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Air Products
Focused on Energy

® Clean energy

® Non-conventional oil and gas
B Industrial gases for refining
B Power generation

Today’s state of affairs
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Air Products

50+ years of hydrogen experience
Over 5000MT per day H, production

B

® Bulk, liquid, and pipeline distribution g2

® World’s largest H2 producer L2

B H, energy projects since 1993 | it ,
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Stations in 16 countries|[ T

Active in UK hydrogen arena —
— via UKHA, CENEX & SHFCA ==

¥ Active in Europe
— via the JTIl and the EHA

Today’s state of affairs




Real advances are being made

Applications that transition to
hydrogen, and deliver value today

Fuel Cell Vehicles
Mass transit/central fleets

Material handling networks

Back-up/stationary power

Renewable Energy Parks

Today'’s state of affairs
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Retail-like fueling experience




Hydrogen stations




Infrastructure Transition

Provide technologies which have utility today while
positioning for the future

Focus on a regional model with abundant H2 and
population.

Focus on mass transit in other urban areas.

Future Hydrogen Infrastructure will include:

— Pipeline delivered hydrogen similar to NG

— Multiple feed sources of hydrogen from:
® Biomass
B Geothermal
m Wind
W Solar
® Nuclear "
m Coal O
B Methane reforming

— Delivered or distributed product in the outlying , .
areas PRODUCTS 4=




Renewable hydrogen is a must

B Status quo is not an option

® Air Products is committed to
collaborative programs focused on
renewable hydrogen
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Longer term
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Wind and Solar to Hydrogen

Power
Conditioning

1yt Grid




Wind to Hydrogen

B GAS NATURAL: Sotavento wind farm (60 Nm3/h H, production)
§§ B\
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' INSTALACION EXPERIMENTAL DE INVESTIGACION |
EN PRODUCCION Y ALMACENAJE DE H2 EN
PARQUE EOLICO DE SOTAVENTO.

XERMADE-LUGO

PROILCIO REALLADO POW \ PROMOTORES
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PV to hydrogen

Hércules project (Spain)

Located at the site of a solar collector facility
Transport application

converting a diesel car into a hybrid

8 companies participating, including Air Products

Vehiculo base Santana 350

Acknowledgements:

Agencia de Innovacion y
Desarrollo de Andalucia (IDEA),
and

Ministerio de Educacion y
Ciencia,

both for their financial support
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ExpoZaragoza, Spain
® Three months Expo held in Summer 08 with theme
of ‘Water and Sustainable Development’

® Air Products installed an electrolyser, hydrogen
storage and dispensing (200 bar and 350 bar)

B First public hydrogen fuelling station in Spain
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sl Designed to be
permanent and will be
. 8 infrastructure legacy
~uuu after the Exposition is
\| | completed
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TfL, London Bus Supply
MAYOR OF LONDON Transport for London .@.

London leading the way in hydrogen

il
h Powered by Hydrogen MAYOR OF LONDOMN

o\ ZEe o Bps

|

B Onstream late 2010
® Fuelling of up to 10 buses for 5 years
® LHY supply via a novel supply concept trailer

PrRODUCTS 1=



Hydrogen Mini Grid Rotherham

B AP have supplied an S100 hydrogen fuelling system +
green hydrogen store for Hydrogen Mini Grid

® Funded by Yorkshire Forward as part of the Objective
1 investment programme

[

Fuel Cell

Electrolyser Compressor/Refueller ~ Storage
30kW

W
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\ :} Transmission Network
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Hebridean Hydrogen Park
H2seed

Electricity
from biogas

Production: 5Nm?3/h
Storage (buffer): ~22Nm3 at 30 bar
Storage (high pressure): ~65Nm3 at 420 bar

Application

Storage
AIR 7.
PRODUETS £



Hurth Bus Project Organisation

Vinnolit o) IGHZ T ’i_

Congortum or Joint Venture

Backup-Traller

d

i
InfraServ

KNAPSALCK Purtfication

] | Compressor
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Coniract Contract Coriract
Virrnit «© Infrasary Infresary = Conmortium Conscrtium > Flaat-Cparator (RVK)

.mmn plit / handover
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So what do Air Products know
about bio methane?

Dirty - Valuable
Gas Fuel

Gas separation experience
R&D, IP

Prism®, Gemini®

Other technologies

World’s Broadest Portfolio of Pressure, Vacuum, and
Temperature Swing Adsorption Products

PrRODUCTS 1=




Waste to Energy Options

AD - Anaerobic Digestion

Prism® - Cleanup
equipment

SO - Solid Oxide

MC - Molten Carbonate
FC — Fuel Cell

PSA - H2 purifier

NGV - Natural Gas
Vehicle

H2V - Hydrogen vehicle

*.—
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Waste to Energy Options

i
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Integration
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Safety
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Early Prism® Plants

Developed in the 1980s

US energy crisis - heavy subsidies
Crisis ended > AP sold business
AP Kept technology rights

Clean, high BTU gas
High reliability

Low maintenance

NN, : -
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Hydrogen Energy Station Vision

Neighborhoods
H, Energy and N /9N
Natural Gas . .
Fueling Station —3rgl It
|/ \| Farms
Power > ﬁ
] |
Heat
Heat
Businesses
Feedstock Source II]Brewery Laundry
e Natural Gas _’" i || i
e Digester Gas — | M| [
o Landfill Gas _
e Agricultural Wastes Biogas
o Pyrolysis Products me - Hydrogen
e Bio-Syngas/ Syngas M e POWET
» Vegetable Oils / Oils Renewable hydrogen — for onsite = Heat
o Other Methane Sources Natural Gas

requirements or regional distribution

AIR 7.
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Hydrogen Energy Station Shop
Validation Test — DFC® System

All DFC®-H,-PSA Equipment Installed and Commissioned

R Hydrogen Ready Fuel
Cell Module

« DFC® Integrated with Anode
Exhaust Skid without H2
purification / export

« PSA System Operation and
H2 production

+ Tested integrated system

Mechanical Balance of
Plant (MBOP) PRODUSTS £=;




Hydrogen Energy Station Shop
Validation Test - H, Purification Skid

+ Verified operability of
hydrogen-ready DFC®300
Achieved stable operation at
various loads for operation

with anaerobic digester off gas
feed

Initial potential will come from
UK, Germany, India and Korea

Timescale to commercial plant
24 months

Anode Exhaust Processing
and H, Purification System

AIR 7.
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Municipal Waste Gasification

B Multiple technology options

B Green method of waste destruction which
delivers a green syngas — a CO:H2 gas
mix

® The key is cleaning of this syngas

B Gas cleaning is a strategic competence of
Air Products

B Significant volumes of hydrogen and power
can be generated via this route

B Timescale to commercial plant onstream
36 months

AIR /.
PRODUCTS 4=



LNG/LHY Integration Technology

Flue gas Gaseous

* NG

LNG Tank
LNG Air P
‘ Gaseous NG
Gaseous NG
Gaseous H2
Patented Technology
Liquid
H2 Plant Power = H?

AIR /.
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The Future...

Cryogenic gas production has already been integrated with
LNG production in France and Japan

Air Products sees such integration as a primary route to
achieve low cost liquefied hydrogen

The technology for hydrogen has not been done before but
the principles will be the same

There are two main issues:
— Size of plant to build
® Pilot plants start at c. 30MT/D
— existing world scale LHY plant
® Full scale c. 300MT/D

— Suppliers/vendors capable of providing the necessary
components

We anticipate such plants will also be built in association
with CCS enabled power plants

Timescale to commercial plant — market dependant  4p 4
PRODUCTS £=
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Central Grocers, Inc.
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Opened March 2009
946,000 sft. Warehouse greenfield site

140+ MHE fleet, largest under one
roof. Expanding to 240 MHE units.

3 indoor dispensers, 2 more in a year




HydrodJen

Are we truly running

on empty?

Like FouE favoriee TV show, fossil Fuels won' lase

Forever. But you can’t just switch toa new fuel overnight.
Thar's why Air Produces, in conjunction with the Da Vinci
Science Cenrer and ocher contri butors, d.e\.d.opad

the hydrogen fuel bus program. We want o get

cutin the communiny and educate peaple abour

the henefits of using hydogen fuel.

Where can we still find oil

What about gas statlons?
Where will | get coffee?

Dramt weorry — hydiogen sations will be just like gas stations.
Snﬁ,muvmleutnndms]w use. And we should know:

Ajr Produces biss installed more than 85 stations in 15
countries around in the workd. They don't have coffes yer,
bt we're wd:.lng:ou that.

“Vharthecr, Paed Mamn, MK Ham, |. Ciam, st ol Thin irmage s in the public dorain,
by inwirucinew of dhe mathare.)

fast facts

Hydrogen makes up 0% of the known universe,
and it is the third most abundant element on Earth.

Hydrogen is colorless, odoress and nontoxic.
It does not produce acid rain, deplete the ozone
of produce harmful emissions.

Hydrogen has the highest combustion energy per pound
relative to any ather fuel, meaning itis more efficient
based on weight.

Most hydrogen is currently produced out of natural gas
of it can be produced from water.

Today, hydrogen is being used to fuel buses, cars,
seooters and forklifts. Hydrogen is alzo used as a fuel
fior the NASA space shuitle.

Air Procucts is the leading producer of hydrogen

and is involved in fueling station projects around the warld.

HydrogenFuture Today. com

Hydrogen.

The fuel of the future-
today.

With I

our guice
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HydrodJen
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The most abundant fuel in the world.

Riding In a hydrogen-powered bus
never looked so cool.

There are owo of them in the Lehigh Valley and they are

teuly amazing. They may look like regular buses, but inside

1s a state-of-the-are Ford hydrogen-powered engine that
delivers up toa 9.7 percent reduction in OO, Any bus that
does that is one we wane o get on. See if you can spec
them. They're headed to the future.

How can you get involved?
Make sure you ride on the hydrogen bus while

There's also a hydrogen-p d bus openating
on the Air Produces campus in Allenoown, PA.
And visit the Da Vinci Science Center to learn
more about hydrogen. Discover how and why
hydrogen should be developed as a fuel of the
future though the center’s interactive hydrogen

gasoline tells a sad ory: Its much more fun
to learn about hydrogen.

YBS, hydrogen is everywhere.

It in the air we breathe, the water we drink,
and now in the cars we drive. And guess what?
When you burn it its main byproduce is water.
Much better than that polluting exhaus

that curre nely comes out of most cailpipes.
We hate chat seuff

at Lehigh Valley Hospital's Cedar Cret Campus.

exhibit and programs coming soon. Let’s face it —

This brochure can't explain it all.

You may aill be curious about hydrogen and all of its benches
and uses as an aleermarive fucl. Don't worry — we're the experts.
We've got itall explained on our website. Just visic
HydmgenFutureToday.com, where there is also a fun wivia quiz.

Hydrogen Fueling Station

Air Products and Chemials, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501
800-6544567

Da Vinci Science Center

3145 Hamilton Boulevard Bypass

Allentown, PA 18103

484.664-1002

Open Monday through Saturday 9:30 am. to 5:00 p.m.
Sunday 12:00 noon to 5:00 p.m.




The Bottom Line

B The use of Hydrogen as a fuel continues to make
strides globally in many markets

Commercial benefits exist today in some geographies
which will drive FC cost reduction

Car company commitment to role out mass produced
vehicles by 2015

Air Products has become a recognised leader in
hydrogen fueling in the world

Hydrogen is the only fuel that over the long run, has
the ability to meet objectives regarding energy
Independence, greenhouse gas emissions and
sustainability

B Methods of large scale green hydrogen production
are just around the corner
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Thank you

tell me more

www.airproducts.com/H2energy
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