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WHAT IS NATURAL GAS?

 Mostly CH4: Methane
— Gaseous @ atmospheric & high pressure
— Liquefied @ ~-163°c
— 130 Octane

* Liguefied Petroleum Gas (LPG) is NOT
natural gas
— Propane & Butane
— Liquid @ 15 bar
— Gas @ atmospheric pressure heavier than air
— 110 Octane
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METHANE CAN ALSO BE A
RENEWABLE FUEL

* 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)

« Synthetic gas (syngas) transforms waste through
thermal gasification

* Blogas commonly is used to fuel electric
generators, but can be upgraded and used In
vehicles as biomethane.
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HISTORICAL PERSPECTIVE
RETROFIT & OEMS




Natural Gas Vehicles History

The first internal combustion
engine vehicle, a single
cylinder, two stroke engine
running on coal gas (methane).

Inventor: French/Belgian
engineer Jean Joseph Etienne
Lenoir 1860

@ lean Fuels
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Natural Gas Vehicles History

Low-pressure fuel bag carried
on atrailer (early 20t century)

@ lean Fuels
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VINTAGE NGVs
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NGV Classics

Czech passenger car Wikov running on compressed town
gas —around 1936 Cfelean Fuels
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Natural Gas Vehicles History




FORD PROOF of CONCEPT &

PROTOTYPE NGVs

Crown Victoria
Dedicated NGV
1990

First of 24
Ford
Ranger
Prototypes

Dedicated
NGV

1984

Rally for Fuel
Savings 1984
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THE FIRST FACTORY BUILT
NGV PROTOTYPE: EUROPE

Bi-Fuel BMW
518 & 316

1994

@ lean Fuels
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Natural Gas Vehicle History

1984: Low-pressure gas
bags carried on the roof
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HOW DO THEY WORK?
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Typical bi-fuel CNG system:
Light Duty Vehicle

Typical CNG Components in a Natural Gas Vehicle

Bi-Fuel System (CNG, Biogas)

Standard internal
combustion engine

Compressed gas Is
stored in special fuel
tanks

Gas enters engine in its
normal state as a vapor

Car operates on natural
gas OR gasoline

Vehicles can be made to
run on natural gas only




Typical CNG tank-mounting
Light-Duty

ON—Z(O

One 80 liter type 1 tanks in passenger
car; range CNG ca. 175 km

= . L.

Two pieces type 3 tanks

mounted under vehicle body;

Two pieces type 1 tanks range ca. 275 km

of 70 liter each, mounted in a van;

range CNG ca. 200 km @ﬁLan Fuels
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Typical CNG tank-storage
Heavy-Duty

Eight pieces type-1 tanks
of 80 liter each mounted onto
chassis for garbage truck application

Four pieces type-4 tanks
of 310 liter each mounted on
roof for bus application

Source : DCAG @ M;%



NATURAL GAS FUELLING
OPTIONS




TYPICAL CNG FUELLING
SYSTEM

External lill post
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: Filling priority and sequential
CO"ID[GSSO! retuelling control
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Fuelling Stations:Gaseous Fuels

QUICK-FILL SYSTEM TIMED-FILL SYSTEM
Dispenser
r—-; Dispenser
_e—
High Pressure Storage
Utility
Utility Gas
f3as
Meter Meter
Compréssed Gas *
Q Compressed Gas
Natural Gas Piping Systém

Natural Gas Piping System

COMBINATION TIMED AND QUICK-FILL FUELING

High Pressurs Starage

Sa.ure 525 Fipirg Sysiem

Conressar

Ubitly Gag
Metar
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WORLD OVERVIEW

NGVs IN THEIR GLOBAL
CONTEXT
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NGVS IN THE WORLD worldie
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y Europe (incl. IT & RU)
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‘US$/Litervs
1 Nm3gas

Data source:
The GVR,
January 2011

[HE TOP TEN NGV COUNTRIES
WORLDWIDE
% Price
Country NGVs St;]iglns Nat.Gas of

Petrol*
Pakistan 2,850,500 3,300 42%
Iran 2,070,930 1,574 60%
Argentina 1,918,404 1,882 63%
Brazil 1,661,919 1,787 36%
India 1,100,000 600 59%
Italy 754,659 831 49%
China 550,000 1,652 39%
Colombia 340,000 614 47%
Thailand 231,753 433 81%
Ukraine 200,019 283 53%
Bangladesh 200,000 600 64%

@Fﬂean Fuels
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http://www.33ff.com/flags/worldflags/Argentina_flag.html
http://www.33ff.com/flags/worldflags/Brazil_flag.html
http://www.33ff.com/flags/worldflags/Pakistan_flag.html
http://www.33ff.com/flags/worldflags/Italy_flag.html
http://www.33ff.com/flags/worldflags/India_flag.html
http://www.33ff.com/flags/worldflags/China_flag.html
http://www.33ff.com/flags/worldflags/Iran_flag.html
http://www.33ff.com/flags/worldflags/Colombia_flag.html
http://www.theodora.com/flags
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The Top Ten NGV Countries Worldwide
% NGVs of All Vehicles

Total % NGVs of
Country NGVs vehicle All
population Vehicles
Pakistan 2,850,500 3.3 mil 81.5%
Iran 2,070,930 12.2 mil 17%
Argentina 1,918,404 12.6 mil 15%
Brazil 1,661,919 35.1 mil 4.7%
India 1,100,000 14.6 mil 7.5%
Italy 754,659 40.9 mil 1.8%
China 550,000 42.6 mil 1.2%
Colombia 340,000 2.9 mil 11.6%
Thailand 231,753 10.1 mil 2.3%
Ukraine 200,019 7.6 mil 2.1%
Bangladesh 200,000 293,472(?) | 61%(or 30%)

*US$/Litervs
1 Nm3gas

Data source:
The GVR,
January 2011

(Gclean Fuels
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http://www.33ff.com/flags/worldflags/Argentina_flag.html
http://www.33ff.com/flags/worldflags/Brazil_flag.html
http://www.33ff.com/flags/worldflags/Pakistan_flag.html
http://www.33ff.com/flags/worldflags/Italy_flag.html
http://www.33ff.com/flags/worldflags/India_flag.html
http://www.33ff.com/flags/worldflags/China_flag.html
http://www.33ff.com/flags/worldflags/Iran_flag.html
http://www.33ff.com/flags/worldflags/Colombia_flag.html
http://www.theodora.com/flags

Europe Total
~ 1.452.798
NGVs
Refuelling
Stations
~ 3,740

Data source: The
GVR,
January 2011
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Russia
SSV;_eOdOeOn 100.053
Netherlands
2.800
UK l Belarus
294 Poland  5.500
Germany 2.106
91.890 225688 Ukraine
200.019
France Austria
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Natural Gas Buses Medium & Heavy Duty

% OF NGV
FLEET

27%
60%
90%
02%
44%

4%
6%
1%
10%
.003%

Worldwide
Top 10 Countries*
COUNTRY TOTAL NAT.GAS
NGVs BUSES
CHINA 550,000 150,000
UKRAINE 200,019 120,000
KOREA 28,324 25,390
INDIA 1,100,000 23,000
MYANMAR 42,000 18,290
COLOMBIA 340,000 13,800
THAILAND 231,753 13,420
USA 110,000 11,000
ARMENIA 101,352 9,831
BANGLADESH 2,070,930 5,364
WORLD TOTAL 13195624 413,957

.03%

*Data source: Gas Vehicles Report, January 2011

@ lean Fuels
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http://www.33ff.com/flags/worldflags/China_flag.html
http://www.33ff.com/flags/worldflags/Iran_flag.html
http://www.33ff.com/flags/worldflags/United-States_flag.html
http://www.theodora.com/flags/
http://www.theodora.com/flags
http://www.theodora.com/flags/armenia_flag.html
http://www.theodora.com/flags

GROWTH RATES 2006-2010

(January 2011)

2006 2010 %
WORLD 4.6 Million |[12.5 Million 172%
CHINA 97,200 500,000 414%
BRAZIL 1 Million 1.6 Million 60%
EUROPE 556,000 1,452,798 161%
UKRAINE 67,000 200,000 199%
ITALY 382,000 676,850 77%

Nat

- Gas \ehicles Report |




World NGV Growth

Vehicle Numbers & % Growth Rate
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World Fuelling Station Growth

Station Numbers & % Growth Rate
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Data source: The GVR, April 2009



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%

v

60,000,000

« 2007 total world vehicle
50,000,000 populationis 891 million
* 7% of vehicles in world

fueled with natural gas by
40,000,000 2020 (65 Million vehicles)
*8 m/bbl/day saved!

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

John lyon, IANGYV, 2007




WHY NGVs?

Economical
Environmentally friendly
Safe

Long term energy supply & excellent
delivery network worldwide

Technology Is avallable




NGV Economics

Fuel Cost

Typically natural gas is 30-50% cheaper than gasoline
and diesel (also depends on taxes)

Fuel price savings offsets higher first cost of vehicle
Vehicle Cost

All alternative fuel vehicles (AFVs) cost more than
gasoline/diesel (unless subsidized by the manufacturer)

NG cars typically are $2000-$5000 or more than
gasoline vehicles

Conversions are less depending on market: $800+
Trucks and buses can be $30,000-50,000+




PRICE OF NATURAL GAS & OIL
Natural Gas Typically Tracks Below Oll

(energy equivalent basis)

MNatural gas price (West Texas wellhead, $/1000 cu ft) and crude
oil price (West Texas Intermediate, $/barrel) divided by 6

14
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o —n a3
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NGV Running Costs: Italy
Vehicle tax policies play an important

rolel

Fuel costs (Italy)/100 km
(Grande Punto)

= DE-TAX =ACCISE VAT

GASOLINE

DIESEL

LPG

-24%

-42%

-50%

-y _ ¥ _____ ¥

The energy
cost of CNG is
lower than
alternatives

Annual mileage: 15.000

km

9,0 €

13,9 Kg 00,/ 100Km

6,8 €

11,9 Kq CO,/100Km

3,2€

12,5 Kg CO./ 100Km

3,7€

11,5 Kg CO./100Km

Adapted from M.Ziosi, Prospects fior the Development and Use of CNG in Transport: Italy, (Promoting the Uptake of

Gaseous Vehicle Fuels, Biogas and Natural Gas, in Europe GasHighWay,)1.2.2010




Worldwide (outside USA) Average* NGV
conversion costs - LDVs
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*NOTE: Highly dependant on type of equipment; cylinder volume, type and number; new or
recycled components; approvals and certification etc.

IGU NGV Technical & Commercial Data Base — Examples of results,



Prices of alternative fuels on an
energy equivalent basis
(U.S. case, July 2010)———

Nationwide Nationwide Nationwide
Average Pricein Average Pricein Average Price in
Gasoline Gallon Diesel Gallon Dollars per

Equivalents Equivalents Million Btu

Gasoline 5308 53.43
Diesel $3.09 $3.45

CNG 51.93 52.15
Ethanol (E85) $3.89 $4.33
Propane 54 22 54.70
Biodiesel (B20) 53.19 53.56
Biodiesel (B99-B100) $3.99 54 .45

Clean Cities Alternative Fuel Prices Report, U.S. Department of Energy January 2011



NGVs are Environmentally
Friendly

 Proven better for smog, particulates,
and ozone

* Global warming emissions (CO2 &
CH4) are reduced by 20-25% in cars

* GHG emissions on par with diesel
but will improve to about 15% less
than new generation of diesel
engines




EMISSIONS BENEFITS OF
FUELS

Regulated emissions comparisons (NOx; CO;
Hydrocarbons (HCs); Particulate Matter (PM)

Unregulated emissions also are very important!!
- Toxics

- Carcinogens

- Nano-particulates

Well-to-Wheel comparisons are important, very
complex but depend on the model’s assumptions

- Single vehicle (LDV) must be used, so generalization
to HDVs iIs not necessarily appropriate

- Well-to-tank analysis can be reliable for all vehicles

7

mm/yy




UNDERSTANDING EMISSIONS IMPACTS

OF FUELS

Regulated emissions (NOx; CO; Hydrocarbons (HCs);
Particulate Matter (PM)

Unregulated emissions also are very important!!
- Toxics

- Carcinogens

- Nano-particulates

Well-to-Wheel comparisons are important, very
complex but depend on the model’s assumptions

Emissions in energy production,
transmission & distribution

A

I WELL TO TANK ''TANK TO WHEEL (i.e. tailpipe)




Emissions [g/kWh]

Regulated Emissions
Heavy-Duty Mono-Fuel Gas Engine

(stoichiometric engine)

Compared to Euro 3, 4,5 & EEV limits

5,45

B EURO 3 (2000)

B EURO 4 (2005) |

B EURO 5 (2008)

4 . EEV m EEV =
: Environmentally
OHD CNGE
ngne Enhanced
3 Vehicle

Source : IVECO (target values)

0,03
%,03 0,02

CO (Carbon NMHC (non-methane CH4 (mass of NOXx (nitrogen oxides)  PT (particulates)
monoxide) hydrocarbons) methane)




CNG/GASOLINE COMPARISON
UNREGULATED EMISSIONS

REDUCTION %

100 1

80

60

40

v

20

0_

COMPOUND  CO2 OZONE  FORMALDEHYDE AROMATIC  1-3 BUTADIENE
ARCLIONIERS ALDEHYDES ~COMPOUND
TYPE of GHG PHOTOCHEMICAL TOXIC  TOXIC MUTAGENIC TOXIC

IMPACT EFFECT SMOG CARCINOGENIC




WELL-TO-WHEEL ANALYSIS

Fig. 9: Well-to-wheels energy efficiency Fig. 10: Well-to-wheels greenhouse gas
e1iss10ns
of ICE and fuel cell vehicles of ICE and fuel cell vehicles
(C-H2 based on NG. piped 4000 km) (C-H2 based on NG. piped 4000 km)
Energy GHG
£-H2 EC hyb. E_q'i* | C-H2 FC hyb. i
~T e | 2010 HrEe | 2010
C-H2 FC | Fe C-H2Z FC | e
C-H2 PISI hyb. | TR T CH2PISIhys. I S R I
L-H2 FISI_ i I | i L-HZ PISI : : : =
C-HZ PIZI I i C-HZ PISI H
E\..JG PIS I"!"L}_ lﬁ.- N e N N N .:HG PISI -l-!"-:l. | em ew (mw = I NN N S O .
7 o T T } aoTTw
CNG PISI G
] [ H owTT CNG ISl _ | | — EWTT
Conv. Digzel Hyb+DPF Conv. Diesel Hyk+DPF | | TR
Gasoline Hyb 2010 Gasaoling Hyb = 2010
Conv. Digsel DICHDPF I [T ICE Conv. Diesel DICI+DPF | | l ] ICE
Gasoline PIS| [ Gasaling PISI | | | I | .
Conv. Diesel DICI | H Conv. Diezel DICI i T
Gasoline PIS| [ [W 20?2 casoline PIS | ' | ' | 2002
— - R |
0 100 200 300 400 500 0 50 100 150 200 250
M.J /100 km EICDzqu' km

PISI: port injection, spark ignited  DICl:direct injection, compression ignition DPF: diesel particulate filter
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R
Carbon Intensity for Diesel & Substitutes

Carbon Intensity for Diesel & Substitutes, g CO2 e/MJ
(grams CO2 equivalent per unit of energy, adjusted for energy economy ratio [EER])

a5 ]

DIESEL 7 85.24

12%
15% LCF5 requiremeants,
2011-2020 (10%
reduction in 2020)

71

LNG = <15% §
CNG = <21% :
48 - so% K
BIOGAS = <82% - 87% =% g
g
24 a2% L 7554
I 7% i a5 I

California Liguified Compressed LNGfrom CHGfrom  CHGfrom  Biodiesel Biodiesel  California  **Hydrogen,

Diesel, ULSD Matural Gas  Matwral Gas  landfillgas  landfillgas  dairydigester fromused  frommidwest  marginal SB 1505
(baseline)  [EER=0.9) (EER=0.5)  (FER=0.%}  (EER =0.9) biogas cookingoil  soybeans  elediricity  compliant,
[EER = 0.9) (EER=27)  liquified
refonmed NG
0 Adjusted carbon intensity 2 Indirect Land Use Change [EER = 1.9]

Source: California Air Resources Board LCFS. **Liquefied hydrogen is derived from ARE LCFS pathway document.



GHG emissions (WTT and carbon content of fuel) in [gCO2 eqv./MJ fuel]

80

60

40

20

GHG Emission Reduction of
Biomethane Fuel Chains

Biogas Biogas SNG
(manure) (energy (waste
crops)  wood)

Source: Concawe/EUCAR 2003, Wuppertal Institute et al. 2006

CNG

gasoline diesel

-GHG balanceis 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,O)

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




Natural Gas
IS the Cleanest of Fuels

Milan Skyline from the Duomo—caused by
diesel & gasoline emissions

01/04



NATURAL GAS HAS NO
PARTICULATES

Dr. Otto Zach

Director of Energy Policy Division,

Austrian Ministry of Economics & Labour
In Brussels, April 2006




NATURAL GAS & NGVs
ARE VERY SAFE

 Natural gas Is safe
— Lighter than air & dissipates
— Narrow flammability range (5-15% gas-air)
— High ignition temperature

« Compressed gas fuel systems are very
strong




SAFETY:
CNG Cylinder Severe Abuse Test

Only an armor-piercing bullet shot from a
NATO-style assault rifle can penetrate a
metal cylinder.




SEVERE ABUSE TESTING

Car drops from...
10 ...17....23...30 meters and no leakage




NGV SAFETY:

Severe Abuse Testing of CNG Cylinders

Dynamite Test

Bonfire test

CNG cylinders remain intact under the most rigorous conditions




Firein a bus
garage in
Utrecht,
Netherlands,
6th July 1990

The melt fuse has
done a good job

Remains of the
natural gas
bus. All
cylinders are |
aa [ntact; no b M
= explosions The valve
= occurred melted away

s 4




SAFETY: Liquefied Petroleum Gas (LPG)
(Propane & Butane) IS NOT CNG

" ERDGAS )
o TANKSTELLE

* FAHRZEUGE
\< /

(" GAZ NATUREL )

" GASMETANO )

(" NATURAL GAS

= STATION DE * STAZIONE DI * FILLING STATION
RAVITAILLEMENT RIFORNIMENTO
. : = AUTQVEICOL VEMICLE
¥VEHPCULES N | & QVEICOLO 2 C EHICLES

natural gas (cno)
aardgas

gaz natural @nv, GNe)
metano

gaz ziemny

A warning sign
In Austria &
Switzerland
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Chongging May 2006:
Owner adds LPG tank to NGV
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UKRAINE, JULY 2007

“ .“ .’,.;; vr v I
s o 4

ol f ol

7.2
’

NGV installer cuts a cylinder and welds the end
to make it short enough to fit into the car.

@ lean Fuels
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Natural Gas Is an abundant
source of energy:
fossil sources and renewable
sources from biomass

@FCIean Fuels
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FOSSIL NATURAL GAS IS AN
ABUNDANT WORLDWIDE ENERGY
SOURCE
« Abundant Worldwide Gas Resources

—Proven reserves to 2100; potential
reserves to 2200

—Vast potential from gas extracted
from shale & in methane hydrates
(ice) (future)

—Strong & growing distribution

network (2.03 mil. km in Europe; 2.4 mil. miles
In US [3.9m kms])
fersanFuets




PROVEN OIL & GAS RESERVES 2009

Natural Gas Resources are More Diverse than Oil

Qil Natural Gas

2009 20039

Total 13331 Total 187.49

thousand million S irillion cubsc
barrels metres

@'FDCL%?‘I;UEHFJ‘S; Source: BP Statistical Review of World Energy 2010
y




NATURAL GAS VEHICLES
ARE AVAILABLE TODAY

Light duty cars and commercial vehicles
Medium duty trucks

Heavy duty trucks

Buses

Off road vehicles (fork lifts, etc.)
Specialty vehicles (street sweepers, etc.)
Boats, trains....... and planes!




OEM Statistics

(excluding China)

Woldwide

Light Duty 31 (47) Light Duty 49 (67)
MODELS Heayy Duty 69 Heayy Duty 202 (215)
Engines 15 Engines 44
Light Duty 10 (12)] Light Duty 16 (42)
Heavy Duty 9 Heavy Duty 36 (37)
MANEIZANGILIRERS Engines 3 (6) Engines 13

@ lean Fuels
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OEMs Available in Asia
A Growing Population

 Light Duty Vehicles
- 27 OEMs
- 72 models
 Heavy Duty Venhicles
- 29 OEMs
- 52 models
Growing numbers of bus OEMs in China

Asian NGV Communications, January 2010



RETROFIT SYSTEMS

MANUFACTURERS

Italy = 14 LDV

Brazil = 3 LDV

Argentina = /1(retrofitters or
manuf.?)

Netherlands = 2 LDV; 1 HDV

US = 4 L.DV; 1 HDV

Canada = 2 LDV, 2 HDV

UK = 2 HDV

Australia = 41DV 1HDV

Bangladesh = 350 (only 192 ‘authorized’)

Russia, Asia, = multiple hundreds (?)

@Fﬂean Fuels
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Modern Generation NGVs

Incorporate CNG cylinders in the
chassis

=
=

8
e
......

~ ARG
- .

Fiat Multipla Blupower;
1.6 L, 4 cylinders, 4 valve
engine; cylinders in the
chassis
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CITROEN MERCEDES VOLKSWAGEN

Fiat Qubo _ Sprinter T5 2.0 Bi-fuel



EUROPEAN OEM NGVs 2011

*QVM= Qualified Vehicle Modifier

Tata Indigo SW
(Indian made)

FIAT FIORINO NAT. POWER  FORD TRANSIT



NATURAL GAS TRUCKS
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NATURAL GAS BUSES

lveco City Class CNG
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Natural gas Go Carts

Icecleaner, Germany




MARINE APPLICATIONS

e

o Accolade Il running on
Viking Energy on LNG, Norway CNG. Australia

Natural Gas Converted | NG car & passenger  One of the 12 canal boats
Speedboat (Italy) ferry , Norway on natural gas in
’ Amsterdam,
the Netherlands




RAILWAY APPLICATIONS
. —

CNG Locomotive in
~Minneapolis, USA
T \\

e
Blogas Traln ‘Svensk
Biogas, Linkoping

Union Pacific, USA
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FACTORS REQUIRED FOR
NGV SUCCESS

Government commitment
Energy industry support
— Gas industry vs. Oil/Gas industry

Avallability of vehicles (real, & not implied
support of manufacturers)

Favorable economics

— Cost differential between natural gas &
petroleum

Environmental policies driving lower emissions




THE CRITICAL “NGV” STAKEHOLDERS
(EACH ONE HAS A ROLE TO PLAY)

Gas & Oll

Customers
Industry

Government &
City
Authorities

Automobile
Industry &
OEMs

Environmental
Institutes




Ba‘ance of NGV Commercialization

NATURAL
GAS

STRUCTURE

New diesel
& petrol

& petrol
fuels

NGV
CUSTOMER
DEMAND

PRODUCTION




THE INVOLVEMENT OF GOVERNMENT
IS ESSENTIAL*
(Strategies Supported by Specific
Actions!)

* Create Incentives (financial & others)

* Enforce Mandates (but with incentives)
* Develop Standards

* Fund Research & Development

* Leadership by Example

PR & Communications

* What’s good for one alternative fuel is good for them all!

@FCIean Fuels
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Government Support

Government incentives remain a key to NGV
development

A wide variety of government incentives
have appeared worldwide

Fiscal: cash rebates; exemption from congestion
charges; tax benefits (road, income, property fuel,
etc.)

Free parking; lanes at airports/train stations

Some countries mandate NGVs

Venezuela: 40,000 NGVs

Iran: As many that can be converted

India: Diesel buses, 8 regions and more to expa]a

lean Fuels
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Regional Views:
Strengths, Weaknesses,
Opportunities & Challenges

@Fﬂean Fuels
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B Europe BB

Government Approaches

« National approaches vary but German example of a well-
organized coalition of stakeholders is a valuable model
of NGV development.

« Sweden = ‘municipality’ motivated approach.
Fuelling Infrastructure

* Ratio between fuelling stations and vehicles in Europe
not economically sustainable at current levels

* North-south ‘corridor’ exists: Italy-Germany-Sweden.

« If fuelling network continues to be developed then the
OEM development will keep the NGV market alive.

Overall NGV Development

« Growth expected to be helped by tighter emissions
regulations, and energy security concerns.

« An overall European approach to NGV development is
required but remains lacking. Cfeiean Fuels
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European NGV Growth 1991-2008
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ITALY HAS STRONG NGV GROWTH
i l HISTORY

700,000
Govt. incentive Diesel price fell
600,000 (low CNG tax, reducing
conversion comparative
500,000 projects) advantage of NGVs 4 LDV OEMs and 17
Model
400,000 \ \ A/A odels
New tax incentives
300,000 ) and growthin
¢ * i number of OEMs
200,000
Government announced new
incentives and agreed to
100,000 work with the gas company
0 to promote NGVs.
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NGV Growth
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NGV Growth
Sweden & France § B

18,000
16,000 // '
14’000 Commercialization of VRA /
dd I f refueli
12,000 T ey / L
10,000 .
Volvo releases 2"
8,000 generation bi-fuel vehicle,
ities devel
6’000 czrc])%:grgsseesd sioeggg.
4,000 New tax i tives & NGV
ew tax incentives S
2,000 exempt from congestion
O _ | | | chargp in many citiles
O L A PN O O NI IO DL QA B
O " O D" OO OO VO VO VOO OO
N7 R R R DT 4D R T Y D 4D D Y

--Sweden -=France

@ lean Fuels

} CONSULTING



http://rds.yahoo.com/_ylt=A0WTb_mlZvVJwR4BQGajzbkF/SIG=12frvle0j/EXP=1240905765/**http:/postalheritage.org.uk/images/France-really-small.jpg

North America

Overall NGV Development

« Despite early growth, by the year 2000 the demand for
NGVs was insufficient and NGVs suffer due to other
AFVs competition and loss of OEM NGVs.

Incentives

« Past incentives (US & Canada) have been too short for
major market impact although there are new and
potentially powerful legislative initiatives (2009).

Vehicle Availability

« HDVs remain the strongest market for NGVs with
growing potential for LNG.

* Only Honda produces OEM NGV (limited to 1000 units
per year). As of 2011 this OEMs may start returning.

 Domestic NGV & equipment suppliers in the USA are
sustained mainly due to their international business.

(+Clean Fuels
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South America

Overall NGV Development

« NGVs have grown rapidly due to favorable CNG-petrol
price differential, availability of retrofits and the
development of the fuelling network.

e South America expected to continue to see strong
regional growth with more countries joining the program,
strengthening the role of domestic and foreign NGV
businesses.

Gas Supply

« Generally favorable gas supplies impeded by irregular
growth of pipelines, political instability, and program to
nationalize foreign investments.

@]CClean Fuels
D NNNNNNNNNN



NGV Growth
. Argentina &Brazil

Strong investment
in fuelling network,
Economic
instability: Oil price
increases
dramatically
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Asla
Overall NGV Development

« Consistent incentives need to remain in place to
motivate long term market growth.

* Public transport (buses & three wheel vehicles) will help
continue to drive NGV expansion in many countries.

« With rapid market growth, safety will remain a concern.
NGV image could be seriously damaged unless safety
and training are higher priorities.

Gas Supply

« Natural gas distribution grid expansion is needed,
although many countries are addressing gas supply and
natural gas transportation issues.

 Increasing availability and use of LNG in many Asian
countries strengthens NGV potential and diversity.
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NGV Growth

India, Iran & Pakistan
o Ic

Pakistani government

ordered all official vehicles
to be converted to CNG

Iranian parliament voted to pay
the equipments expenditure

costs for all CNG stations

Indian Supreme Court ordered
11 cities to convert their buses

torun on CNG

N

P o

N N

@ lean Fuels

--|ndia -®Iran Pakistan

D CONSULTING



http://www.33ff.com/flags/worldflags/Pakistan_flag.html
http://www.33ff.com/flags/worldflags/India_flag.html
http://www.33ff.com/flags/worldflags/Iran_flag.html

NGV Growth
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Developing Markets for
NGVs

Biomethane
&
Liquefied Natural Gas (LNG)




NATURAL GAS IS A VERY
DIVERSE FUEL
WITH
VARIOUS LONG TERM
OPTIONS




LNG Will Capture More
Markets
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Future Asian LNG Imports
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LNG VERICLES

Photos courtesy Clean Energy (Gclean Fuels Kenworth T800 Westport ISX HPDI
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Biomethane:
NGVs are Part of a Renewable
Energy Strategy
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RENEWABLE BIOMETHANE

Multifaceted Solution to Multifaceted Problems

Feedstock from various waste products

— Agricultural (animal, plant & wood: not food supply!)
— Sewage from water purification

— Urban waste

Biogas feedstock conversion efficiencies 40-70%
Injected into natural gas grid or supplied locally

Can reduce <100% CO2 emissions compared to
gasoline car on a well-to-wheel basis

Potential to replace 20% of petroleum in European
transport sector by 2030

Production infrastructure required!!

@FCIean Fuels
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EUROPEAN BIOMETHANE POTENTIAL

(% of all vehicle fuels)
Could replace 20-30% of transport sector fuel by 2030!

Austria
Belgium

Denmark

Finland

France
Germany

Greece O waste

Ireland B set-aside

O forest
Italy

Luxemburg

Netherlands

Portugal

Spain

Sweden

United Kingdom

*The numbers presented are reasonable estimates of averages for indicated regions, based upon knowledge available at the time
the slides were prepared. Choice of crops, soil conditions, climate conditions, water supply, labor cost, technology choices etc
means that results will vary. Conventional organic waste, use of currently set-aside land, assumed

8 % of annual forest growth. (Target 2010, P.Boisen,2003)




RENEWABLE BIOGAS-to-BIOMETHANE
The Environmentally ‘Closed Loop’
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CHALLENGES FOR NGVs

* High first cost of vehicles
— Target high fuel consuming customers




CHALLENGES con’t

» Gaseous fuel properties present
technical challenges

— Energy density affects vehicle range
— Heavier storage tanks required
— Gas Is harder to ignite In engines

* Fuel composition varies




CHALLENGES con’t

NGVs lack ‘sex appeal’
of electric, hydrogen &
fuel cell vehicles

Public generally not
knowledgeable about

NGVs or their benefits
(more knowledge-building to
consumers is needed)

Liquid fuels are the
foundation of the OEM
and oil industries.
Changing the status
quo is a complex
process but, ultimately,
must be driven by
market demand.

First Ford NGV
prototype 1983




WHICH COMES FIRST,
THE CHICKEN OR THE EGG?
(Vehicles or Fuelling Stations?)

THE ANSWER IS:

They both have to come at (roughly) the same time.




THERE ARE NO FUEL PANACEAS

Every fuel has its benefits and its challenges
- Cost

- Environmental quality & impacts

- Energy availability & security

- Compatible vehicle technologies

The critical challenge is to find the right balance
and mix of fuels in the marketplace

Petroleum-based vehicle technologies improve
but need better quality and more expensive fuels

Creates new opportunities for alternatives but...
Status-quo liquids will be around for along time




IN CONCLUSION

Economical NGV technology is available
today, both OEM and retrofit and for a full
range of on-road and off-road vehicles.

Environmental advantages of NGVs are
clear

Natural gas supplies — fossil and renewable
— are abundant

NGV awareness must improve (clean fuel &
energy security).

Despite the challenges, NGVs are a fuel
and technology of choice
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NGVs in their Global Context:
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