New Developments in European & World

Markets of NGVs

Working Party on Gas

United Nations
Geneva

22 January 2008

Dr. Jeffrey M. Seisler
CEOQ, Clean Fuels Consulting
&
VP Government Relations

IANGV

@ lean Fuels

:)D CONSULTING




GLOBAL NGV
MARKETS




WORLD OVERVIEW

NGVs IN THEIR GLOBAL
CONTEXT




World Total
NGVS IN THE WORLD ° Sz
A ] == s~ 755M [ 12.214 1) 1533
Italy
452.3¢( Russia 85.000
Europe (incl. IT & RU)
748.749
Pakistan
Japan
USA 146.876 ran '1.650.000 China
32.691
<205 200.873
431%22'6\ soat India fidonesia
Colombia 198.844 ' 334.820 '
. Brazil
Bolivia 78'054" 1.476.219 Australia
2.453

Argentina 1.663.340

@FCIean Fuels
D CONSULTING

Data source: The GVR, December 2007] NGVS  Fuelling Stations (FS) FS Under construction

nnnnnn




HE@mll

LN K N

THE TOP TEN COUNTRIES
WORLDWIDE

% Price

Argentina 1.66 mil 1.713 37,9%
Pakistan 1.65 mil 1.847 42, 7%
Brazil 1.48 mil 1.561 70,9%
Iran 498.709 294 18,2%
ltaly 432.900 609 44,5%
India 334.820 198 37,2%
China 200.873 486 54,2%
Colombia 198.844 313 47,0%
U.S.A 146.876 1600 68.1%
Ukraine 100.000 200 33,6%

*Rounded up
figures

Data source:
The GVR,
December 2007
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THE TOP TEN COUNTRIES WORLDWIDE:
NGV % of Total Vehicles

Total Vehicle| % NGVs
Country NGVs* Population
(Millions)
—~| Argentina 1.66 mil 7.608 21.82%
Pakistan 1.65 mil 8.124 20.31
I Brazil 1.48 mil 14.277 10.30%
Iran 498,709 1.102 45.19%
ltaly 432,900 39.089 1.11.%
India 334,820 14.554 4.87%
m=| China 200,873 35.860 0.56%
Colombia 108,844 1.238 16.06% ]:i;fﬁ:‘ensded up
== USA. 146,876 234.646 0.06% Data source:
==|  Ukraine 100,000 4.949 2.02% December 2007
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GROWTH RATES 2006-2007

January 2008
2006 2007 %
WORLD 4.6 Million 7.55 Million 64%
CHINA 97,200 200,873 107%
BRAZIL 1 Million 1.48 Million |48%
EUROPE 556,000 748,749 35%
UKRAINE 67,000 100,000 49%
ITALY 382,000 432,900 13%




NGVs AROUND THE WORLD

Brazilian NGV Race
Car Circuit

On the sea with LNG: Norway

Rainer Zietlow:
Around the world
on natural gas

Beijing natural gas bus Conversions in Iran @g:lean Fuels
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NGVs IN EUROPE
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Data source:
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Europe Total
~ 748.749
NGVs
Refuelling
Stations
~2.415

Stations
Under
Construction
202

* Rounded up
figures

Data source:
The GVR,
December 2007

January 2008

Vehicles per
fuelling station
(600-1000 vehicles per

station economically is Russia
optimal) Sweden 390
121
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Germany 28 200
83 Czech Ukraine
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EUROPE’S 1.000+ CLUB

Country NGVs* Fuel % Nat.Gas
Stations** | Price of Petrol
Italy 432,900 609 44,5%
Ukraine 100.000 200 33,6%
Russia 85.000 218 37,0%
Germany 60.000 720 44,3%
Bulgaria 25.225 37 36,5%
Sweden 11,515 95 71,4%
France 10.150 125 37,9%
Switzerland 5.328 92 67,3%
Belarus 5.000 25 44,0%
Moldovia 5.000 14 32,3%

* Rounded up
figures

** Total Stations
Data source:

The GVR, December
2007

01.2008



EUROPE’S <1.000 CLUB

Country NGVs* Fuel % NG Price of
Stations** Petrol

Czech 903 30 *43,6%
Republic

Poland 771 28 26.2,%
Netherlands 603 8 28,1%
Turkey 520 6 40,9%
U.K. 448 19 44,8%
Greece 416 1 ?63.0%
Portugal 379 6 46,0%
Slovakia 337 7 45,6%
Latvia 310 4 26,1%
Belgium 300 9 33.7%

* Rounded up
figures
** Total Stations

Data source:

The GVR,
December 2007

01.2008



EUROPE'’S <1.000 CLUB

Country NGVs* | Fuel Stations | % NG Price of Petrol
Finland 250 7 48,9%
Norway 147 4 28,8%
Croatia 130 1 29,3%
Luxembourg 115 4 49,0%
Hungary 110 3 ?49,3%
Serbia 89 1 20,5%
Ireland 81 2 ?61,8%
Iceland 63 1 61,8%
Macedonia 50 1 ?-
Liechtenstein 41 1 77,1%
Bosnia & 7 3 35,0%

Herz.

*

Rounded

up
figures

Data
source:
The GVR,
December
2007

01.2008



RETROFIT vs OEM

Conversions . OEMs

Warranty
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*Qualified Venhicle Modifier
**Qriginal Equipment Manufacturer



World Wide NGV Growth
Actual/Projected

70,000,000

<+— 1991 to 2005 actual annual 2006 to 2020 projected

sales growth of 17.6% annual sales growth
of 17.8%

A 4

a

60,000,000

» Today’s total world vehicle
50,000,000 population is 750 million
* 9% of vehicles in world

fueled with natural gas by
40,000,000 2020 (65 Million vehicles)

30,000,000
20,000,000
10,000,000

John Lyon, IANGV, 2007




Barrels of Oll per Day Substituted
with Natural Gas and Biomethane

8,000,000

7,000,000 -

6,000,000 -

5,000,000

4,000,000

Barrels of oll perday --

2,000,000

1,000,000 -

» Based on projections of 65M NGVs by
2020, 8 million barrels of oil per day
could be substituted with natural gas

3,000,000

@ Barrels of oil saved per day
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BIOGAS & BIOMETHANE
AS A BIOFUEL

Old CH4 Molecules
VS.
New CH4 Molecules



FIRST, A FEW DEFINITIONS

» Natural gas , the fossil fuel is comprised mostly of
methane (CH4) (the old gas molecule)

* Biogas derived from waste materials (plant, animal,
human or urban waste) through anaerobic digestion
(the new gas molecule)

e Synthetic gas (syngas) transforms waste through
thermal gasification

* Biogas commonly is used to fuel electric
generators, but can be upgraded and used in
vehicles as biomethane.

* Methane can be compressed and stored as CNG or
liguefied at -163c and stored as LNG



BIOGAS PATHWAYS

Demonstrates Flexibility & Diversity



BIOGAS IS A
RENEWABLE RESOURCE

Water waste treatment

Agricultural waste

— Residual from plants (not edible parts)
— Animal waste

Urban garbage (but beware of landfill
gas,; It should be analyzed — and

cleaned? — before putting into the
pipeline network)

Cellulosic fibre (wood)



BIOGAS: THE
ENVIRONMENTALLY CLOSED
LOOP

* A waste management solution

— Municipal waste
— Agricultural waste (not food chain!!)

e A clean water solution

— Sewage from water purification

e A clean air solution

— Environmentally enhanced vehicles on the road

* Improve agricultural production

-- Waste byproduct is non-phosphate (no-C0O2), high
guality fertilizer



gCO2 eqv./MJ fuel]

GHG emissions (WTT and carbon content of fuel) in [

GHG Emission Reduction of
Biomethane Fuel Chains
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Source: Concawe/EUCAR 2003, Wuppertal Institute et
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-GHG balance is dominated
by biomass chain:

-Fermentation of liquid manure
avoids CH , emissions of
alternative manure disposal and,
thus, receives high GHG bonus

negative GHG emissions
(-187%)!

-Cultivation of energy crops
induces energy use and GHG
emissions (incl. N ,0)

net emission reduction (-55%)
compared to fossil options

-Use of waste wood is
favourable
for SNG balance



European Commission
Transport Fuels Scenarios

10%
2- 5%

»10%(?)




Biofuels & Biomethane

The Political Message Needed!

Biofuels are not just liquids for  blending
(also gas to replace petrol)

Biogas Is not just for electricity generation
(although CO2 benefit replacing coal/oll Is
greater than in transport sector)

Biogas does not affect food chain,
food/cattle prices, or land use

High conversion efficiencies are here today
Out...

R&D would be helpful to facilitate landfill gas
& understand biogas quality (microbes?)

Integrated waste management, clean water &
clean air strategy needs to be advocated




POLITICAL CHALLENGES FOR
BIOMETHANE

 EC fuel policy advocated early 2007 is
sliding from renewables replacing
transport fuel to it being ‘blended’ into
the fuels. Blending eliminates gaseous

fuel potential



CHALLENGES FOR BIOMETHANE
The Gas Industry View

Big companies tend to see biogas as a small
contribution to overall gas supply

Mentality not oriented toward ‘local’
production (similar to electric utility view of
cogen & ‘decentralized distributed’ power)

Production potential excellent where urban
and/or agricultural waste Is available

Pipeline insertion possible almost anywhere
(subject to limits on gas quality)

Gas companies need GREEN IMAGE

Sustainability questioned due to reliance on
Russlian gas



CHALLENGE OF BIOGAS
INFRASTRUCTURE REQUIREMENTS

e Investment in bio-digesters required
...Starting NOW

 Permits, local citizen input, and
construction takes time (but ‘learning
curve’ experiences can speed
development)

o Steady supply of feedstock Is essential
 EU & local leadership are drivers
o Gas company investment can be driver



CHALLENGES FOR
BIOMETHANE

Struggles with image compared to liquid
biofuels

Now that liquid biofuels are under more
scrutiny for their downstream economic
Impacts, biogas could be painted with the
black same brush

Take care of gas quality issues: landfill & (to
be proven) micro-organisms in the gas
More political ‘will’ (support) for ‘systems
approach’ to multiple problems of waste

management, clean water & clean air linked
to a biogas-biomethane ‘solution’



BIOMETHANE
INTERNATIONAL SAMPLER

« 2006 biogas production in the EU countries was just
under 5.3 million tons oil equivalent (TOE) or ~13. 6%
Increase over 2005 production

e Sweden runs half its 11,000 NGVs on biomethane.
Potential is ~15 Twh or about 20% of the Swedish
road fuel demand

« Madrid will have the world’s largest biogas upgradi ng
plan: 25 MW gas = 33 million m3 produced annually,
running 200 garbage trucks.

e Largest biogas plant in Germany to be built: to
ferment 61,500 tons material (from local farmers) p  er
year to produce over 15 mil. m3 methane to be fed
Into natural gas pipeline network (Schmack Biogas,
E.On Ruhrgas & E.ON Bayern)

 India is (2007) setting a biofuels policy to mandat e
replacement of 5% petroleum fuels by 2012;
Increasing to 10% by 2017



WORKING PARTY ON GAS:
IS IT TIME TO LOOK SERIOUSLY AT
THE BIOGAS OPTION?

Worldwide biogas supply potential  (in Europe
potential is to replace 20-30% of transport sector
petrol/diesel)

Existing production technology options
Future potential production technology
options

Potential applications (vehicles, electricity,
district heating, etc.)

o Contribution to energy security

« Green image potential



EUROPEAN & UN
ENERGY & FUEL
POLITICS

Positioning Natural Gas
In the
Transport Sector



NGV POLITICS at the
COMMISSION & PARLIAMENT

e European Strategy for Sustainable, Competitive and
Secure Energy (European Energy Strategy)
- Biomethane recognized as transport fuel
- NGV directive advocated

e Euro 5/6 (Light Duty Venhicles) (ECE 72/306) & Euro VI
(Heavy Duty Vehicles)
- Biomethane defined with natural gas
- Non-methane hydrocarbon standard included

* Biofuels Directive Il (Revision of 2003 Biofuels
Directive)

e Directive on Clean & Efficient Vehicles
- Government clean fuel fleet vehicles advocated

» CO2 reqgulation of auto manufacturers fleet
- NGV industry advocates credits for low CO2 vehicles



HARMONIZING EUROPEAN & UN
REGULATIONS: (GRPE)

June 2007 Informal Group on Gaseous Fuelled
Venhicles created within Group of Experts on

Pollution & Energy to harmonize UN ECE & European
regulations

IANGV (Clean Fuels Consulting) Secretariat to
support Dutch Chairman with AEGPL co-secretariat

Issues include: on board diagnotics; non-methane
hydrocarbon standard; dual fuel natural gas & diese l,
etc.

Also IANGV will be working in close cooperation wit h
ISO to deal with new work items on LNG



‘Oll Economics & the Use of
Alternative Energy

Price per barre
US $

80
70 : _

S Alternative energy forms
co A4 ... : become more economical
50

Traditional
40 methods
30
Time/resource availability
0
[ ) .
Depth of drilling | Exotic recovery methods

exotic recovery methods & become more attractive



UPCOMING NGV EVENTS

e CNG & Hydrogen Cylinders: Opportunities,
Challenges & Strategies, Clean Fuels Consulting
Workshop
11-12 March 2008 Brussels
www.CNGandH2Workshop.com

« NGV-2008, 11" IANGV Bi-annual Conference: The
Road to a Clean and Energy Sustainable World
3-5 June 2008 Rio de Janeiro

- www.langv.org

e [l World Fair of NGVs & H2Vs , Gas Vehicles
Report/NGV Communications Group
25-27 September 2008 Torino, Italy
www.ngvwoldfair.com




New Developments in European & World

Markets of NGVs

Working Party on Gas

United Nations
Geneva

22 January 2008

Dr. Jeffrey M. Seisler
CEOQ, Clean Fuels Consulting
&
VP Government Relations

IANGV



