
N
M
C
 
 
 
P
 

Natur
Market
CNG a

Published

ral Ga
t Analys
nd LNG

d 1Q 2011

as Veh
sis and
G Cars

1 

hicles
d Globa
s, Truck

 

s 
al Fore
ks, and

 

ecasts f
d Buses

for  
s 

Da
Senio

Clint W

ave Hurst
or Analyst

Wheelock
President

t
t

k
t



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

1.1 

search LLC.  
rved. This publication
permission of Pike Re

Key Ma

Natural 
the oil c
accepte
“shelf sp

NGVs a
medium
by highly

North A
market 
sometim
LD truck
States.  
Californ
infrastru

Latin A
the larg
28% of t

Western
variety o
The Eur
strong t
Kingdom
in, many

Eastern
from ess
of NGVs
Ukraine
gas sup

Asia Pa
of the la
fuel is 
Meanwh
as an in
NGVs.  

Middle 
has a st
the impo
demand
sources

 may be used only as
esearch LLC. 

arket Issue

gas vehicles 
crisis of the 1
d as an auto
pace” on man

are available 
m and heavy d

y regionalized

America – D
due to a lac

mes voided or
ks, M/HD truc
NGV deman

ia, New York
ucture. 

merica - Lati
est NGV ma
total NGVs gl

n Europe – It
of compresse
ropean NGV 
raditional veh

m).  Because 
y countries ha

n Europe – U
sentially zero
s in Eastern 
’s NGV grow
plier, Gazpro

acific – India 
argest fleets o

also spurrin
hile, China, th
ndustrial ener
However, the

East/Africa –
trong gasolin
ortation of gas
d outpacing s
. 

s expressly permitted 

Se
EXECUT

s 

(NGVs) have
970s.  Despi
omotive fuel, 
nufacturers’ pr

in the form o
duty (M/HD) t
d demand: 

Demand for N
ck of conven
r limited durin
cks, and M/HD
nd in the Unite
, Utah, and O

in America is
rkets in the w
lobally). 

taly is the lar
ed natural ga
market varie

hicle sales ha
much of the 

ave decided t

Ukraine has e
o nine years a
Europe (and 

wth has been 
m, over pipel

has been he
of CNG buse

ng adoption 
he region’s ot
rgy source, a
e country is no

– Pakistan an
ne refining ca
soline.  Pakis

supply for nat

by license from Pike 

1 

ection 1
TIVE SUM

e been availa
te this long h
and compet

roduct plans.

of light duty 
trucks and bu

NGVs in Nort
ient refueling
g conversion
D buses repre
ed States var

Oklahoma – st

 the second l
world: Argent

gest Europea
s (CNG) veh

es widely betw
ave very low 

natural gas 
o support oth

experienced r
ago to now co

Western Eu
sporadic, as 
ine issues. 

avily pushing
es in the wor

of CNG ve
ther large ma
nd as a resu
ow beginning

nd Iran are the
pacity; conse

stani NGV sal
tural gas and

Research LLC and m

1 
MARY 

able in many p
history, natura
tes among a

(LD) passeng
uses.  The ma

th America is
g stations an
 from petrole
esent the ma
ries substant
tates that als

largest region
tina and Braz

an market, an
hicles in Italy 
ween countrie
NGV sales (
in Europe ha

her alternative

rapid growth i
omprise the l
rope with the
 its governm

g NGVs for its
rld.  The avai
ehicles within
rket, has bee

ult has not se
 to see move

e largest mar
equently, both
es have led t

d challenges 

Natura

may not otherwise be 

parts of the w
al gas has ye

an array of a

ger cars and
arket for NGV

s largely rele
d factory wa
um-fueled ve

ain NGV segm
ially by state,
o lead the wa

n for NGVs a
zil (combined

nd Fiat, an Ita
and other Eu

es, as many 
(including Spa
as to be eithe
e fuels or drive

in its fleet of 
largest cumu
e exception o
ent has grap

s transit fleets
ilability of sta
n the passe
en focused on
een as strong
ement toward 

rkets for NGV
h have pursu
the world, but
in tapping ex

al Gas Vehi

accessed or used, w

world at least 
et to be unive
lternative fue

d trucks as w
Vs is characte

egated to the
arranties for N
ehicles.  Given
ments in the U
, and is great
ay in terms of

and home to t
d, they accou

alian OEM, of
uropean coun
markets that
ain and the U

er piped or sh
etrains. 

NGVs, which
lative total nu

of Italy).  How
ppled with Ru

s and now ha
ations and low
enger car m
n using natura
 a developm
CNG buses.

Vs.  Neither co
ued NGVs to 
t are volatile d
xisting natura

 
icles 

without the 

since 
ersally 
els for 

well as 
erized 

e fleet 
NGVs 
n this, 
United 
test in 
f NGV 

two of 
unt for 

ffers a 
ntries.  
t have 
United 
hipped 

h rose 
umber 
wever, 
ussia’s 

as one 
w-cost 

market.  
al gas 
ent of 

ountry 
avoid 

due to 
al gas 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

1.2 

Table 1.1

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

Refuel

Refuelin
NGVs a
number 
average
the infra
specific 
city).  In
the cons
focus wi

Bi-fuel v
Featurin
design 
compare
vehicle 
in the en

1 NGV R

In gener
substan
refueling
appropr
equipme

 

-

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

20

(V
e

h
ic

le
s

)

 may be used only as
esearch LLC. 

ing Infrastr

ng infrastructu
are widely av

of refueling s
e is currently 6
astructure rem

fleets design
n North Amer
sumer marke
ill bring 1,972

vehicles repr
ng two separa
is popular in
ed to 83% d
burns a smal
ngine cylinder

Refueling Sta

ral, NGVs are
tially lower e
g stations in 
iate for HD 
ent to keep th

010E 2011

s expressly permitted 

ructure Issu

ure remains a
vailable, long
stations (the 
685 vehicles 
mains compa
ned for short
rica, the focus
t will catch o

2 refueling sta

resent one s
ate fuel tanks
n Latin Ame
edicated NG
l amount of d
r.  

ations, World

e most likely t
quipment cos
the United S
trucks as it 

he gas liquefie

2012 20

by license from Pike 

2 

ues 

a key challen
 vehicle que
ratio of NGVs
per station).  

aratively limite
ter-distance d
s has been o
n once a suff

ations online b

solution to cu
, these vehic
rica where a
Vs or dual-fu
iesel (typicall

d Markets:  2

to be CNG ra
sts for CNG. 
States, only 6

permits the 
ed is both hea

013 2014

Research LLC and m

nge for the N
eues may for
s to stations 
Alternatively,

ed, but is mu
driving (i.e., 

on the fleet m
ficient numbe
by 2016 (abou

urrent inadeq
les can run o
almost 90% 
uel vehicles 
ly about 5% t

2010-2016 

(Sour

ather than liqu
 Out of a cu

60 or so are 
vehicle to c

avy and expe

2015 20

Natura

may not otherwise be 

NGV market. 
rm despite an
may still be to
, in areas like
uch more like
refueling loc

market, with th
er of stations 
ut 90 vehicles

quacies in N
on either gaso

of NGVs ar
in North Ame
to 10%) to ign

rce: Pike Resear

uefied natural 
urrent total of 

LNG.  LNG 
carry more f

ensive. 

016

No

La

We
Eu

Ea
Eu

As

Af
Ea

al Gas Vehi

accessed or used, w

 In regions w
n apparently 
oo high: the g

e the United S
ely to suppor
cations all wit
he expectatio
are in place.

s per station).

NGV infrastru
oline or CNG.
e bi-fuel veh
erica.  A dua
nite the natura

rch) 

 gas (LNG), d
f 1,327 natura

is generally 
fuel; howeve

orth America

atin America

estern 
urope

astern 
urope

sia Pacific

frica/Middle 
ast

 
icles 

without the 

where 
large 

global 
States, 
rt only 
thin a 
n that 
  This 
. 

ucture. 
  This 

hicles, 
al-fuel 
al gas 

due to 
al gas 
more 

r, the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

1.3 

1.4 

search LLC.  
rved. This publication
permission of Pike Re

Deman

There a

 Econ
fuel 
gove

 Envi
partic
look 
NGV

 Ener
view
gaso

 Avai
mark
North

Econom
Researc
energy 
acknowl

While th
(CARB)
governm
reduced
powered

Market

Overall, 
compou
of natur
meters o

India is 
of 612,3
stagnati
top NGV

China w
markets
China’s 

The U.S
between
emission
NAT GA

 may be used only as
esearch LLC. 

nd Drivers a

re four almos

nomics – Be
either has to

ernment incen

ronmental b
culate matter
to reduce em

Vs are seen as

rgy security 
ed as a mea

oline. 

lability – Fue
ket will not gro
h America. 

mics and avail
ch’s interview

security im
ledged across

he U.S. Envir
, and Europ

ments of cou
d emissions. 
d transit buse

t Forecasts

the NGV m
und annual gro
ral gas for tr
of gas globall

expected to o
389 NGVs i
on in the Iran

V markets, an

will see strong
s.  However, 

government f

S. market for N
n 2010 and 2
ns regulations

AS Act early in

s expressly permitted 

and Barrier

st universal ke

cause NGVs
o be less ex
ntives have to

benefits –
, and NOx tha
missions from
s a tool to me

– In most re
ans to reduce

el, vehicles, a
ow; this is the

ability are the
ws reveal just 
mplications.  

s many differe

ronmental Pr
pean Union 
ntries such a
 This often 

es, refuse truc

s 

market will se
owth rate (CA
ransportation 
y (6.7% CAG

overtake Iran 
n 2016 (12.0

nian market, b
nd are project

g growth (20
as a whole,

focuses its in

NGVs is expe
2016 resulting
s on both LD 
n 2011 are ex

by license from Pike 

3 

rs 

ey drivers in th

 have an incr
xpensive suc

o be available 

NGVs have 
an gasoline o

m diesel engi
eet those requ

egions, the us
e dependence

and repair tec
e key reason 

e key issues, 
as frequent 
Interestingly

ent regions. 

rotection Age
have led the
as China and

results in a
cks, and deliv

ee strong gr
AGR).  The gr

fuel, which 
GR between 2

for the lead in
0% CAGR). 
both Iran and 
ed to rank se

.8% CAGR) a
 NGVs will r
centives main

ected to prod
g in 32,619 v

and M/HD ve
xpected to co

Research LLC and m

he NGV mark

remental cos
ch that the o
 for purchase

substantially
or diesel powe
nes and GHG
uirements.  

se of natural 
e on importe

chnicians mus
the consume

particularly fo
mentions of 
y, these iss

ency (EPA), C
e way in te
d India have
a focus on m
very vehicles, 

rowth betwee
rowth in vehic
is expected 

2010 and 2016

n NGV sales 
 Despite so
Pakistan are

econd and thir

as NGVs spr
remain a ver
nly on automo

uce the stron
ehicles sold 
ehicles and th
ntribute to gro

Natura

may not otherwise be 

ket: 

t above tradit
owners break
e. 

y lower emi
ered vehicles
G emissions 

gas as a tra
d crude oil o

st all be read
er market has

or the fleet m
the environm
sues appea

California Air 
rms of emis

e also recogn
moving towar
including NG

en 2010 and
cles will lead 
to reach 19

6). 

in 2014, and 
ome volatility
e expected to 
rd, respective

read in the fl
ry small part
obile electrific

ngest growth, 
in 2016.  The
he passage o
owth in the U

al Gas Vehi

accessed or used, w

tional vehicle
k even quick

issions of G
s.  As governm

from LD veh

ansportation f
or imported re

dily available o
s failed to laun

market, though
mental benefit

r to be br

Resources B
ssions restric
nized the nee
rd alternative

GVs. 

d 2016 with 
to growth in u

9,123 million 

will have a m
y in Pakistan
remain amon

ely. 

eet and cons
t of the mark
cation. 

with 25.4% C
e potential fo
of some form 
.S. market.  

 
icles 

without the 

es, the 
kly, or 

GHGs, 
ments 
hicles, 

fuel is 
efined 

or the 
nch in 

h Pike 
ts and 
roadly 

Board 
ctions, 
ed for 
e-fuel-

9.1% 
usage 
cubic 

market 
n and 
ng the 

sumer 
ket as 

CAGR 
or new 

of the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 1.2

(V
h

i
l

)

search LLC.  
rved. This publication
permission of Pike Re

2 Annua
2010-2

-

500,000 

1,000,000 

1,500,000 

2,000,000 

2,500,000 

3,000,000 

3,500,000 

201

(V
e

h
ic

le
s

)

 may be used only as
esearch LLC. 

al Natural Ga
2016 

10E 2011

s expressly permitted 

as Vehicle Sa

2012

by license from Pike 

4 

ales (Includin

2013 20

Research LLC and m

ng Conversi

(Sour

14 2015

Natura

may not otherwise be 

ions), World 

rce: Pike Resear

2016

Afr
Eas

As

Eas

We

Lat

No

al Gas Vehi

accessed or used, w

Markets:   

rch) 

rica/Middle 
st

ia Pacific

stern Europe

estern Europe

tin America

rth America

 
icles 

without the 

e

e



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.1 

2.2 

search LLC.  
rved. This publication
permission of Pike Re

History

While th
combus
first ICE
bladders
practica
shock in
a means

The gro
gas was
develop
and Ger
1980s, I

In 1986
associat
United S
Associa
NGV as
produce

In Europ
because
mid-199
available

In the U
fuel.  In 
cause o
1980s i
Honda 
vehicle i

Light V

Natural 
to oil pr
Latin Am
acceptin
other ma

Light-du
tanks fo
amount 
vehicles
are adde
a CNG t

 may be used only as
esearch LLC. 

y 

he use of na
tion engine (I

E ran on natur
s to carry the
l NGVs did n

n 1979 cause
s to conserve

wth of natura
s used for veh
ment subseq
rmany began 
taly saw stea

6, the Intern
tion, was form
States in 198
tion, which w

ssociations in 
ers and vehicl

pe and South
e of the high 
90s, multiple 
e in Europe fr

nited States, 
addition, con

of NGVs.  Wh
n the United
is one of the
in the United 

Vehicles 

gas vehicles 
ices/subsidies
merica, the M
ng of light-du
arkets.   

uty dedicated 
or CNG take 

of fuel.  Bec
s or designed 
ed to a curren
tank reduces 

s expressly permitted 

Se
MARK

atural gas in
ICE), early na
ral gas in 186
e hefty amou
not surface u
d the greates

e liquid oil fuel

al gas as a fu
hicles during 
quently slowe

as early as th
ady growth tha

national Asso
med.  This wa
88 (which lat

was founded i
the 1990s.  T
e component

h America, N
cost of gasol
vehicles wit

rom automak

the 1973 oil 
ncerns regard
ile auto manu
 States were
e few autom
States, offeri

have develo
s and govern

Middle East, p
ty NGVs, but

NGVs are al
up more spa
cause many 
from gasolin

nt vehicle’s ar
the amount o

by license from Pike 

5 

ection 2
KET ISSU

n vehicles str
atural-gas-pow
60.  In the ea
nt of fuel nec

until the 1960
st interest in N
l. 

uel for vehicle
World War II

ed in much of
he 1920s and
at has accele

ociation for 
as followed b
ter became N
n 1994.  Japa
These organi
ts, and to sup

NGVs are mo
ine and the a
th engines p
ers. 

embargo spa
ing urban pol
ufacturers sho

e primarily co
makers to con

ng the Civic G

ped at an une
nment policies
parts of Euro
t the United 

most exclusiv
ce than a tra
vehicles are 
e versions (s
rchitecture.  In
of cargo spac

Research LLC and m

2 
UES 

retches back
wered vehicle

arly 20th cent
cessary to tra
0s.  The oil e
NGVs, both e

es has varied 
 due to gaso
f the region. 
d 1930s and s
erated more ra

Natural Gas
by the format
NGV America
an, Australia,
izations helpe

pport legislatio

ore prevalent 
availability of 
powered both

arked interest 
llution through
owed interest

onversions fro
ntinuously m
GX since 199

even pace th
s – particular

ope, and part
States and C

vely fueled by
aditional gaso

currently co
such as the H
n cars, partic
ce in a vehicl

Natura

may not otherwise be 

k to the adve
es were not v
tury, the vehic
avel a useful 
embargo in 1
events spurrin

by country.  
line and oil sh
 While deve

slowed signifi
apidly since th

s Vehicles 
tion of the NG
a), and by th
, and New Ze
ed to develop
on.   

than in Nort
refueling infr

h by gasoline

in natural ga
hout the 1970
t, the vehicles
om gasoline-

market a dedi
97. 

hroughout the
rly for light-du
s of Southea

Canada rema

y compressed
oline fuel tank
onversions fro
onda Civic G
ularly small c
e (tanks are 

al Gas Vehi

accessed or used, w

ent of the in
very practical
cles required
distance.  In
973 and the 

ng developme

In Europe, n
hortages, but
lopment in F
cantly until th
he 1970s.   

(IANGV), a 
GV Coalition 
he European 
ealand also fo
p standards fo

th America, in
rastructure.  B
e and CNG

as as an altern
0s helped pus
s of the 1970
-powered veh
icated natura

 world, due la
uty vehicles (
ast Asia are w
ain well behin

d natural gas
k for an equiv
om gasoline-f

GX), the CNG 
cars, the addit
often placed 

 
icles 

without the 

nternal 
.  The 
 large 

n fact, 
price 

ent as 

natural 
t NGV 

France 
he late 

trade 
in the 
NGV 

ormed 
or gas 

n part 
By the 

were 

native 
sh the 

0s and 
hicles.  
al gas 

argely 
LD -).  
widely 
nd the 

.  The 
valent 
fueled 
tanks 

tion of 
in the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.3 

Figure 2.

search LLC.  
rved. This publication
permission of Pike Re

trunk).  
consum
the mar
be wago
with no 

In many
both fue
vehicle 
set-up a

Medium

The arc
CNG or
trucks w
and a r
Addition
alleviatin
the slow
be a goo

Trucks a
consum
have es
respons
while th
refuse, O

1 U.S. P

 may be used only as
esearch LLC. 

However, in
ers (Europea
ketplace.  Lig
ons, vans, or 
substantial lo

y LVs, CNG ta
els.  A gasol
and removes

also comes at

m- and Hea

chitecture of l
r liquid natura
with circuitous
eturn to a ce

nally, in the c
ng the need f

w-fill process 
od fit. 

and buses are
e.  The U.S. 

stimated that 
sible for consu
e Rocky Mou
OTR, etc.) co

Petroleum Co

s expressly permitted 

n countries w
an and Latin A
ght-duty NGV
small trucks –

oss of utility. 

anks supplem
ine tank in c

s concerns ab
t the expense

vy-Duty Tru

arge trucks a
al gas (LNG) 
s routes are g
entral location
case of CNG
for large tank
takes additio

e a target for 
Energy Inform
over-the-road

uming 10.7% 
untain Institut
onsumes 16%

onsumption b

by license from Pike 

6 

where cars re
American cou

Vs converted 
– vehicles wit

ment gasoline 
combination w
bout the avai
 of cargo cap

ucks/Buses

and buses is 
storage.  In 
ood candidat
n, these veh

G, the refuelin
ks that store t
nal time, a ve

alternative fu
mation Admin
d (OTR) truc
of all the petr

te estimates 
% of all petrole

by Sector: 20

(Source: R

Research LLC and m

emain the d
untries), CNG
in other parts
th the space 

 tanks, as bi-
with a CNG 
lability of CN

pacity.   

s 

well-suited f
addition, bus

tes for natura
icles require 
ng centers ca
he natural ga
ehicle that sit

uel because o
nistration and 
cks (common
roleum-based
that all freigh

eum, and buse

007 

Rocky Mountain 

Natura

may not otherwise be 

ominant veh
G-powered ca
s of the world
to accommod

-fuel vehicle e
tank increas

NG filling stati

for the tanks 
ses, refuse tr
al gas: With a 

only a single
an often be 
as at a compr
ts unused thr

of the large am
the U.S. Dep
ly known as 
d fuel used in
ht trucking (in
es consume 0

 Institute, U.S. E

al Gas Vehi

accessed or used, w

icle purchase
ars perform w
d are more lik
date the new 

engines can r
ses the range
ons; howeve

required for 
rucks, and de
set range of 
e refueling fa
of slow-fill de
ressed rate.  
rough a shift 

mounts of fue
partment of E
semi tractors
 the United S

ncluding deliv
0.9%.   

EIA) 

 
icles 

without the 

ed by 
well in 
kely to 

tanks 

run on 
e of a 
er, this 

either 
elivery 
travel 

acility.  
esign, 
While 
could 

el they 
Energy 
s) are 

States, 
veries, 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.3.1 

Figure 2.

Table 2.1

V
M
N

N

N

search LLC.  
rved. This publication
permission of Pike Re

Truck C

In the U
rating, w
(ESAL),
for emis
into clas
class 2A
pickups
for emis

2 United

In Europ
the U.S
trucks fo
pounds 
and 26,4
passeng
than eig
more tha

1 Europ

Vehicle Categ
M1 
N1 

N2 

N3 

 may be used only as
esearch LLC. 

Class Defin

nited States, 
which measur
 which meas

ssions and fu
ss 2A (less t
A trucks are 
, SUVs, and f

ssions and co

d States Truc

pe, vehicles a
. GVW rating
or the purpos
(3.5 tonnes);
455 pounds (
ger vehicles, 
ght passenger
an eight pass

pean Vehicle 

gory V
Passe
Light v

Midsiz

Large 

s expressly permitted 

nitions 

a truck can b
res the weigh
ures the weig

uel economy 
than 8,500 po

classified wi
full-size vans
rporate avera

ck Classes 

are classified
g.  This syste
se of emissio
 class N2 inc
(12 tonnes); a
the classifica
rs and weigh 
sengers and w

Classes 

Vehicle Desc
enger cars 
vans and truc

ze vans and t

vans and tru

by license from Pike 

7 

be classified b
t of the fully l

ght of traffic o
regulatory re
ounds) and c
ith light-duty 
) are classifie

age fuel econo

(S

d by the oper
em creates es
ns regulation

cludes vans w
and class N3 
ations are spl
less than 11,

weigh more th

cription 

cks 

rucks 

cks 

Research LLC and m

by two metho
oaded truck, 

on the road.  T
easons, howe
class 2B (mo
vehicles, cla

ed with the he
omy (CAFE) 

Source: U.S. Dep

rator’s license
ssentially thre

ns: class N1 i
weighing betw
 includes veh
lit by passeng
,023 pounds 
han 11,023 po

 
Less than
(3.5 tonnes
7,765–26,4
(3.5–12 to
More than 
(more than

Natura

may not otherwise be 

ds: gross veh
and equivale
There are eig

ever, class 2 
ore than 8,50
ass 2B vehic
eavier truck c
regulations.  

partment of Ener

e type, which
ee main clas
includes light

ween 7,765 po
hicles over 26
ger cars, bus
(5 tonnes), a
ounds.   

Weight 

7,765 pounds
s) 
455 pounds  
nnes) 
26,455 poun

n12 tonnes) 

al Gas Vehi

accessed or used, w

hicle weight (G
ent single-axle
ght weight cla
trucks are d

00 pounds).  
cles (which in
classes 3 thro
 

 
rgy) 

h corresponds
ses of comm
t vans under 
ounds (3.5 to
6,455 pounds
ses that hold 
nd buses tha

s 

nds  

 
icles 

without the 

GVW) 
e load 
asses; 
ivided 
While 

nclude 
ough 6 

s with 
mercial 

7,765 
onnes) 
s.  For 

more 
at hold 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

V
M

M

2.4 

2.4.1 

search LLC.  
rved. This publication
permission of Pike Re

Vehicle Categ
M2 

M3 

Chinese
that of E

For the 

 Light

 Medi
N2, M

 Heav
some

Natura

Natural 
those co
Canada

Gas Mi

Natural 
natural 
currently
expensiv
permits,

Shale is
released
Figure 2
is also n
found.   

In recen
process
a broad
long run

 may be used only as
esearch LLC. 

gory V
Midsiz

Large 

e, Japanese, 
Europe, but w

purpose of th

t-duty (LD): 8

ium-duty (MD
M2, some M3

vy-duty (HD) 
e M3) 

al Gas Supp

gas is plentifu
ountries and 
, and the Unit

ining 

gas is consid
gas within th
y drilled from
ve prospect 
 environment

s another im
d by pumping
2.3).  This cra
not as risky a

nt years, som
 has damage
 impact on g

n. However, s

s expressly permitted 

Vehicle Desc
ze passenger

passenger b

and South K
with additional 

his analysis, P

,500 lbs or les

D) trucks/buse
3)   

trucks/buses

ply 

ul in areas wh
regions.  Th

ted States. 

dered the dom
he country is
 pockets in th
and require

tal impact stu

portant sourc
g water into t
ack releases t
a proposition

me residents
ed the water t
as production
uch concerns

by license from Pike 

8 

cription 
r bus 

us 

(Sou

Korean comm
classes for p

Pike Research

ss (Class 1 a

es: 8,501 to 2

s: 26,001 lbs

here oil is also
he major pro

mestic fuel for 
s substantial
he rock bed 

es a substan
dies, and the

ce of natural
the rock to c
the gas.  Sha
 as traditiona

s near hydra
able in the ar
n, they are lik
s are not expe

Research LLC and m

More than 
and less th
(less than 
More than 
and more t
(more than

urce: Ireland Roa

mercial vehic
passenger car

h considers th

and 2A, Europ

26,000 lbs (C

. or more (C

o plentiful, bu
oducers of na

the United S
(i.e., little is 
below ground
ntial investm

e actual produ

 gas.  Gas 
ause it to cra
ale gas is not
al drilling sinc

ulic fracturing
rea.  While sa
kely to affect
ected to resul

Natura

may not otherwise be 

Weight 
8 passenger

han 11,023 lb
5 tonnes) 
8 passenger
than 11,023 l
n 5 tonnes) 
ad Safety Author

cle classificati
rs based on th

he weight clas

pean M1, N1) 

Classes 2B thr

Classes 7 and

ut its availabil
atural gas als

States becaus
imported). M

d.  Drilling fo
ment for expl
uction itself.   

is trapped in
ack (called h
t as profitable
ce the gas is

g sites have
afety concern
t costs for so
lt in a slowdow

al Gas Vehi

accessed or used, w

r seats 
bs  

r seats 
bs  

rity) 

ions are sim
heir length. 

sses to be: 

rough 6, Euro

d 8, Europea

ity extends be
so include R

e the product
Most of this g
r natural gas
loration, rese

n the shale a
ydraulic fract

e for each we
s more likely 

e claimed tha
s have not ye

ome facilities 
wn in product

 
icles 

without the 

ilar to 

opean 

n N3, 

eyond 
ussia, 

tion of 
gas is 
 is an 
earch, 

and is 
turing, 
ell, but 

to be 

at the 
et had 
in the 
tion. 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 2.3

2.4.2 

search LLC.  
rved. This publication
permission of Pike Re

3 Hydra

The Col
natural 
Internati
the gas 
even tho

Transp

Once na
user: pip
its natur
2009 Na
but dec
miles we
miles of
about $
growth o
0.5% of 

 may be used only as
esearch LLC. 

aulic Fracturi

lorado Schoo
gas in the U
ional Energy 
contained w

ough Russia i

portation of

atural gas is 
pelines, truck
ral gas pipeli
atural Gas Ye
lined from th
ere added to 
f pipeline to t
9.9 billion.”  
of natural gas
the U.S.’ tota

s expressly permitted 

ing Diagram

ol of Mines es
United States

Agency (IEA
ithin shale in 
is the largest 

f Fuel 

extracted, th
king, or via sh
ine capacity. 
ear-in-Review
e exceptiona
the pipeline g
the national 
Yet, the grow

s used as a t
al natural gas 

by license from Pike 

9 

stimates that 
s, of which a
A).  Rice Univ

North Ameri
producer of n

here are esse
hip.  In 2008, 

 As the Ene
w, “Pipeline c
ally high pace
grid…. Nonet
natural gas p
wth of pipelin
transportation
supply.   

Research LLC and m

(S

there is a tot
about 21% is
versity’s New
ica is enough
natural gas. 

entially three 
the United S

ergy Informat
construction a
e of additions
theless, these
pipeline grid 
nes does not
n fuel becaus

Natura

may not otherwise be 

Source: Propubli

tal of 1,836 t
s from shale

w Baker Instit
h to influence

ways to tran
States had su
tion Administ
activity in 200
s in 2008, wh
e projects ad
and represen
t necessarily 

se transportat

al Gas Vehi

accessed or used, w

ica) 

trillion cubic f
e according t
tute estimate

e the world m

nsport it to the
ubstantial grow
ration stated

09 was substa
hen close to 
ded close to 
nted investme
correlate wit

tion uses less

 
icles 

without the 

feet of 
to the 
s that 

market, 

e end 
wth in 
in its 

antial, 
4,000 
2,988 
ent of 
th the 
s than 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 2.4

search LLC.  
rved. This publication
permission of Pike Re

4 Natura

Outside 
implicati
between
the proc
Stream 
Ukraine 

In 2006
Gazprom
Ukraine 
Ukraine 
issue ar
looking t

Russia a
instrume
is suppl
share w
other firm

The Sou
States.  
States h
outside 
construc
reliance
subsequ

 may be used only as
esearch LLC. 

al Gas Pipeli

(Source: Ener

of the Uni
ions.  Much 
n 25% and 50
cess of buildi
under the Bla
to bring Russ

6 and again 
m were involv
pipelines.  G
(Figure 2.5)

re a subject f
to reduce its 

and Germany
ental in secur
ying the gas 

will be split by
ms sharing th

uth Stream ul
In 2010, the

has proposed
of Russia; 

ction has not 
 of the Europ

uently reduce

s expressly permitted 

ine Additions

rgy Information A
Informatio

ted States, 
of Europe ha
0% of each c
ng two new p
ack Sea (Figu
sia’s natural g

in 2008, Uk
ved in a prici
Given that mu
, many count
for an entirely
reliance on U

y are strong p
ring the finan
and will be t

y two Germa
he remaining 

ltimately ends
 pipeline rece
 a different pi
however, Na
yet begun.  T

pean markets
 Russia’s influ

by license from Pike 

10 

s, United Sta

Administration, G
on System, Natur

gas pipeline
as traditionall
country’s natu
pipelines – N
ure 2.5) – bot
gas to the Eu

kraine’s gas 
ng dispute th

uch of the ga
tries saw sho
y separate an

Ukraine to rea

partners for th
cing and app
the 51% cont

an firms, BAS
ownership sta

s in Italy and 
eived final ap
ipeline, Nabu
abucco has 
The goal of th
s on Russia 
uence on wor

Research LLC and m

ates: 2000-20

GasTran Natural 
ral Gas Pipeline 

e issues hav
y relied on p
ural gas (Figu
ord Stream u
th of which w
ropean marke

company, Na
hat led Gazpr
as sold to Eu
ortages or pr
nalysis, but th
ch European 

he Nord Strea
proval from th
trolling owne

SF and E.ON
akes).   

has been ca
pproval and c
ucco (Figure 2

received litt
he Nabucco p
and German
rld gas pricing

Natura

may not otherwise be 

009 

Gas Transportat
Projects Databa

ve much br
pipelines from
ure 2.3).  Ru
under the Bal
will circumven
ets.   

aftohaz Ukra
rom to limit th
rope ships th

rice spikes.  T
he bottom lin
markets. 

am gas pipeli
he EU for the 
r of the pipel

N Ruhrgas wi

autiously oppo
construction b
2.5), that wou
tle support f
pipeline woul
y’s resale of 
g. 

al Gas Vehi

accessed or used, w

 
tion 
se) 

roader geopo
m Russia to s

ssia is curren
ltic Sea and 
t pipelines th

ainy, and Ru
he gas suppl
hrough pipelin
The politics o

ne is that Rus

ine.  German
project.  Gaz

line (the rema
th 15% each

osed by the U
began.  The U
uld supply gas
from the EU
d be to reduc
Russian gas

 
icles 

without the 

olitical 
supply 
ntly in 
South 
rough 

ussia’s 
ied to 
nes in 
of this 
ssia is 

y was 
zprom 
aining 
h, and 

United 
United 
s from 
U and 
ce the 
s, and 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 2.

search LLC.  
rved. This publication
permission of Pike Re

5 Natura

 may be used only as
esearch LLC. 

al Gas Pipeli

s expressly permitted 

ines, Europe

by license from Pike 

11 

e and the Mid

Research LLC and m

ddle East 

(S

Natura

may not otherwise be 

(Source: INOGAT

al Gas Vehi

accessed or used, w

TE) 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 2.

search LLC.  
rved. This publication
permission of Pike Re

6 Russi

 may be used only as
esearch LLC. 

ian and Euro

s expressly permitted 

pean Natura

by license from Pike 

12 

al Gas Pipelin

(So

Research LLC and m

nes 

ource: Internation

Natura

may not otherwise be 

nal Energy Agen

al Gas Vehi

accessed or used, w

ncy) 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 2.

2.4.3 

search LLC.  
rved. This publication
permission of Pike Re

7 Projec

The alte
product 
2008, m
gas loss
will redu

LNG is 
shipped
accomm

Refillin

One of t
the lack
infrastru
The con
stations 
gas stat
161,768
Petroleu

 may be used only as
esearch LLC. 

cted Routes 

ernative to a 
can be shipp

many wealthie
ses from the p
uce requireme

shipped in 
 by truck, a

modate large t

ng Infrastru

the challenge
k of infrastruc
ucture stunted
nsumer marke

have grown 
tions will be 

8 gas stations
um & Conven

s expressly permitted 

of Nord Stre

pipeline is to 
ped like other 
er European c
pipelines.  Po
ents for Russi

large, double
and/or gasifie
tanker ships h

cture Avail

es often cited
cture for refil
d growth withi
et for NGVs h
in number.  I
available at t

s in the Unite
ience.   

by license from Pike 

13 

eam, Nabucc

(Source: Ce

truck or ship
liquid fuels.  

countries beg
oland is curren
ian and Germ

e-hulled tank
ed and pipe
have begun to

lability 

 in research 
ling NGVs.  
in the consum
has flourished
n North Amer
the end of 20
d States ava

Research LLC and m

co, and South

entre for Researc

p natural gas.
During the U

gan orchestra
ntly building a

man gas. 

ker ships to 
ed to its fina
o experience 

regarding the
In the North 

mer market th
d in regions w
rica, Pike Res
010 (18,380

ailable at the e

Natura

may not otherwise be 

h Stream Pip

 
ch on Globalisatio

.  By liquefyin
krainian gas 

ating LNG sh
a large LNG r

ports where 
al destination
growth in NG

e consumer m
 American m

hroughout the
where publicl
search estima
stations glob
end of 2008, 

al Gas Vehi

accessed or used, w

pelines 

on) 

ng natural ga
crises of 200
ipments to re
receiving plan

it is then s
n. Ports tha

GV usage.   

market for NG
market, this la

 1980s and 1
y available re
ates 1,327  n

bally), compar
according to

 
icles 

without the 

as, the 
06 and 
eplace 
nt that 

tored, 
t can 

GVs is 
ack of 
990s.  

efilling 
natural 
red to 

o NPN 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.5 

2.5.1 

search LLC.  
rved. This publication
permission of Pike Re

There i
marketp
just histo
market f
vehicles
infrastru
both infr

Region

United

In the U
compare
market 
compare

The low
vehicles
convers
of the co

Within t
availabil
states w
adding s
and 10,
Massac
refuse a
station a

In Cana
converte
may voi
a CNG v
many co
these v
consum

 may be used only as
esearch LLC. 

s a pervasi
place for vehic
orical curiosit
for NGVs.)  T
s has develo
ucture, or natu
rastructure an

nal Markets

 States/Can

United States
ed to tradition
will consist o
ed to the over

w number of 
s through dea
ion can void t
ountry, consu

the United S
lity of natural 

with the great
stations at a 
, respectively
husetts and N

and transit co
activity, addin

ada, NGVs a
er that will ad
d parts of the
vehicle as ori
onversion co

vehicles are 
ers. 

s expressly permitted 

ve question 
cles or if veh
ty in regions l
The consensu
oped togethe
ural gas subs
nd vehicle ava

s 

nada Consu

s and Canad
nal-fueled ve
of approxima
rall U.S. vehic

NGVs sold to
alers (i.e., with
the manufact

umers are unli

States, sales
gas infrastru

test number 
faster rate, w

y) at about t
New Jersey a
mpanies.  Me

ng 27 in the la

are not curre
dapt their veh
e OEM warran
ginal equipme

ompanies offe
marketed to

by license from Pike 

14 

as to whet
icles lead the
ike the United

us seems to b
er.  Often s
idies (or all th
ailability. 

umer Marke

da, the consu
hicles.  In fa

ately 1,423 ve
cle market of

o consumers
hout aftermark
urer’s warran
ikely to have 

s of NGVs a
cture.  Califor
of refueling s

with Massach
the same rat
are seeing inte
eanwhile, Ca

ast year.  

ently mass-m
hicle from a g
nty).  In the U
ent: Honda, w
er conversion
oward comm

 

Research LLC and m

ther the ref
e infrastructur
d States that 
be that the ma
spurred by p
hree), the ma

et 

umer market 
act, it is antic
ehicles in 20
12,134,941 i

s is due large
ket conversio

nty (or parts o
access to con

are very reg
rnia, New Yo
stations.  How
husetts and N
te as Utah a
erest in NGV
lifornia leads 

marketed; thus
gasoline eng

United States,
with its Civic G
ns for differen

mercial and g

Natura

may not otherwise be 

filling infrastr
re.  (This que
are working t
arket for both
public invest

arketplace has

for NGVs is
cipated that th
011 (a minisc
n the same y

ely to the lac
on).  In many 
of it).  Addition
nvenient refu

gional, largely
rk, Utah, and
wever, Easte

New Jersey a
and Texas (1

Vs for use in th
the nation in

s, consumer
ine to run on
, one major m
GX.  Addition
nt vehicles; y
government 

al Gas Vehi

accessed or used, w

ructure drive
estion is more
to develop a r
h infrastructur
tment in veh
s grown in ter

s very small 
he consumer
cule amount 
ear).   

ck of availabi
cases, afterm

nally, in many
eling stations

y because o
 Oklahoma a

ern states are
adding station
12 stations e
heir ports and

n new NG refu

s have to se
n CNG (again
manufacturer 
ally, as in Ca
yet the majo
fleets rather 

 
icles 

without the 

s the 
e than 
robust 
re and 
hicles, 
rms of 

when 
r NGV 
when 

ility of 
market 
y parts 
s. 

of the 
re the 
e also 
ns (11 
each).  
d their 
ueling 

eek a 
n, this 
offers 

anada, 
rity of 

than 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 2.2

State 
California 

New York 

Utah 

Oklahoma 

Arizona 

Texas 

Illinois 

Pennsylvan

Colorado 

Massachus

New Jerse

Georgia 

North Caro

Wisconsin 

Washingto

Connecticu

Florida 

Michigan 

Oregon 

Virginia 

Nevada 

Ohio 

Indiana 

Idaho 

Missouri 

Table 2.3

search LLC.  
rved. This publication
permission of Pike Re

2 NGV S

N

nia 

setts 

y 

olina 

n 

ut 

3 Natura

 

 may be used only as
esearch LLC. 

Stations by S

umber of NG
Stations 

244 

100 

72 

50 

41 

33 

25 

24 

23 

22 

20 

18 

16 

16 

15 

14 

14 

14 

12 

12 

11 

11 

10 

9 

9 

al Gas Refue

Province
Ontario 

British Co

Alberta 

Saskatche

Quebec 

Other Prov

s expressly permitted 

State, United

G ∆ from
2009

27 

7 

12 

0 

-3 

12 

2 

1 

4 

11 

10 

0 

4 

-2 

0 

5 

1 

1 

0 

1 

0 

2 

-2 

1 

0 

eling Stations

e 

lumbia 

ewan 

vinces 

by license from Pike 

15 

d States:  201

  
State 
Wyoming

Louisiana

Alabama

Maryland

Rhode Is

South Ca

Arkansas

Tennesse

Montana

New Ham

Alaska 

Dist. of C

Kansas 

Mississip

North Da

Vermont

Delaware

Maine 

Minnesot

Nebraska

West Virg

Hawaii 

Iowa 

Kentucky

South Da

(S

s by Provinc

Numbe

(S

Research LLC and m

10 

g 

a 

d 

land 

arolina 

s 

ee 

mpshire 

Columbia 

ppi 

kota 

e 

ta 

a 

ginia 

y 

akota 

Source: U.S. Dep

ce, Canada:  

er of NG Stat

Source: Canadian

Natura

may not otherwise be 

Number of 
Stations

9 

7 

6 

5 

5 

5 

5 

4 

4 

3 

3 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

0 

0 

0 

partment of Ener

2010 

tions
33 

22 

12 

10 

3 

0 

n NGV Associatio

al Gas Vehi

accessed or used, w

NG 
s 

∆ fro
200

-2

-1

0

2

-1

0

2

0

0

0

0

1

1

0

0

0

1

0

0

0

0

0

0

0

0

rgy) 

on) 

 
icles 

without the 

om  
09 
2 

1 

0 

2 

1 

0 

2 

0 

0 

0 

0 

 

 

0 

0 

0 

 

0 

0 

0 

0 

0 

0 

0 

0 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.5.2 

2.5.3 

2.5.4 

search LLC.  
rved. This publication
permission of Pike Re

North A

While th
North Am
compou
anticipat
years). 
NGVs a
Specific
total flee
and bus

The NG
requirem
vehicles
dual-fue
station t
purpose
institutio
waste s
compan
available

Latin A

Latin Am
(combin
relatively
in 2010 
convers
Marelli. 
market, 
Motors, 
Latin Am

Europe

Governm
has the
followed
respecti
manufac
Volkswa

As in the
Europe,
expecte
seaport 

The Eur
and Ge
tradition
compara
end of 2

 may be used only as
esearch LLC. 

American F

he consumer 
merican NGV

und annual g
tes that all fle
 Although th

are not expe
cally, NGV sa
et market of 3
ses used by g

GV industry h
ments are no
s sold to flee
el vehicles th
to serve their
es such as f
onal fleets – t
services, and 
nies are one 
e at their facil

American M

merica is hom
ned, they acco
y small comp
amount to 2
ions of flex-
 Fiat and H
and many o
Toyota, Kia/

merica. 

ean Market

ment policies 
 largest num

d by Ukraine
vely, by the
cturers of OE
agen, Citroen

e United Stat
 particularly 
d in 2010). 
operations.   

ropean NGV 
ermany are l
nal vehicles a
atively small 
2009) and ha

s expressly permitted 

Fleet Marke

NGV market 
V fleet market
growth rate 
eet sales will

his represents
ected to com
les to fleets a

3,472,970veh
overnment an

has been tar
ot nearly as o
ets are gene

hat incorporat
r NGVs, parti
forklifts or ge
transit agenci

gas compan
of the larges
lities. 

Market 

me to two of th
ount for 28% 
pared to othe
24,827NGVs 
-fuel vehicles

Honda also c
f these are b
Hyundai, and

t 

have helped 
mber of NGVs
e, Russia, a
e end of 20
EM NGV syst
, Saab, and O

tes, a variety 
in Eastern E
 These vehi

market varies
large NGV m
are not.  For 
NGV market

ave not seen 

by license from Pike 

16 

et 

remains very
 is growing.  
of 25.2% b
 see 3.3% C
s a strong gr

mpose a sign
are expected 
icles.  Many o
nd commercia

rgeting fleets
onerous as t
erally dedicat
te diesel. Fle
cularly in ope
enerators.  S
es, airport or

nies, for insta
st proponents

he largest NG
of total NGVs
r vehicles an
– including c

s using tech
currently prod
bi-fuel vehicle
d Nissan also

drive the NG
s on the roa
and Germany
010).  Italia
ems, and ma

Opel also offe

of natural ga
urope (254,9
cles are use

s widely betw
markets, othe
r example, th
ts (294, 2,539
substantial g

Research LLC and m

y small in the 
Fleet demand
between 201

CAGR in Nort
rowth figure 
nificant portio
to reach 10,9
of the vehicle
al fleets.   

s in North Am
rying to deve
ted CNG/LN
eets can ofte
erations wher
Such operatio
r seaport ope
ance – with a
s of NGVs, a

GV markets in
s globally).  R

nd regions (an
conversions).
nology deve

duce CNG ve
es.  Other ma
o have dedica

GV market in m
d (746,020 e
y (154,869, 
n automake

any of these 
er NGVs in the

s-fueled buse
951 natural ga
ed for transit

ween countries
er countries 

he United Kin
9, and 12,45
rowth over th

Natura

may not otherwise be 

United State
d for NGVs is
0 and 2016
h America ov
from a perce

on of the ov
981 in 2011; 
es sold will be

merica since
elop a consu
G vehicles, 
en justify set
re natural ga
ons are ofte

erations, large
an existing in
and often hav

 the world: Ar
Regardless, t
nticipated Lat
.  These sale
loped by Bo
ehicles for th
anufacturers, 
ated or bi-fue

many Europe
expected by 

104,707, an
r Fiat is on
are bi-fuel ve
e European m

es and M/HD 
as M/HD bus
t, delivery, re

s.  While Italy
with a subs

ngdom, Spain
50 vehicles, r
he last severa

al Gas Vehi

accessed or used, w

s and Canad
s expected to 
6 (Pike Res
ver the next s
entage stand

verall fleet m
this compare

e heavy-duty t

 the infrastru
umer market. 

though man
tting up a re
s is used for 
n related to 

e delivery ser
nfrastructure. 
ve refilling sta

rgentina and 
he market rem
tin American 

es are in large
osch and Ma
he Latin Ame

including Ge
el CNG vehic

ean countries.
the end of 2

nd 90,184 N
ne of the la
ehicles..  How
markets.      

 trucks are us
ses and truck
efuse, airport

y, Russia, Uk
stantial volum
n, and Franc
respectively, a
al years; thes

 
icles 

without the 

a, the 
see a 

search 
seven 

dpoint, 
market. 
es to a 
trucks 

ucture 
 The 

y are 
efilling 
other 
large 

rvices, 
 Gas 

ations 

Brazil 
mains 
sales 

e part 
agneti 
erican 
eneral 
cles in 

.  Italy 
2010), 
NGVs, 
argest 
wever, 

sed in 
ks are 
t, and 

kraine, 
me of 
ce are 
at the 
se are 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 2.1

 

No

La

Wes

Eas

A

To

search LLC.  
rved. This publication
permission of Pike Re

mainly f
lack of a
keep tho
available

Ukraine 
nine yea
totals of
gas, tha
2006 an
natural 
dispute 
howeve
67% fro
Gazprom
The ref
vehicles
impact 
because

1 Numb

-

orth America

atin America

stern Europe

stern Europe

Asia Pacific

Africa/Middle 
East

otal Average

 may be used only as
esearch LLC. 

fleet markets 
abundance o
ose markets s
e. 

has seen su
ars, the coun
f NGVs.  This
anks to pipelin
nd again in 20
gas pipelines
and pipeline
r, the country

om 2008 to re
m, Pike Rese
fueling infras

s/station, com
sales.  In ad
e of the weak 

ber of NGVs p

 

200.0 

s expressly permitted 

with very litt
f domestic na
small, particu

ubstantial gro
try has gone 
s is largely du
nes moving th
008, disputes
s being cut o
es in Ukraine
y returned to 
each 200,019
earch anticipa
structure is 

mpared to 40
ddition, infras
economy. 

per Refueling

400.0 600.0

by license from Pike 

17 

tle consumer
atural gas in
larly as electr

owth in NGVs
from zero NG

ue to the fact
he fuel from R
s with Russia
off (please ref
e).  During th

strong growt
9.  Because o
ates that Ukra

currently la
9 in Russia 
structure gro

g Station, Wo

0 800.0 1,0

Research LLC and m

r demand or 
the United K

ric vehicles an

s during the 
GVs to havin
t that Ukraine
Russia to the

a’s major gas
fer to Section
hese years, s
th in 2009, w
of the weak e
aine will rema

agging for th
and 352 in W

owth in Ukrai

World Markets

(Sour

000.0 1,200.0 

Natura

may not otherwise be 

access to fu
Kingdom and 
nd hybrids be

last few year
ng one of the 
e is essentiall
e Western Eu
 company Ga
n 2.4.2 for m
sales of NGV

with the numb
economy and
ain a volatile 
he number 
Western Eur
ine is expec

s: 2010, 2016

rce: Pike Resear

1,400.0 

2

2

al Gas Vehi

accessed or used, w

el.  Additiona
Spain are lik

ecome more w

rs.  Within th
largest cumu
y awash in n
ropean mark
azprom resul

more details o
Vs were stag
ber of NGVs 
d the contrac
 market for N
of vehicles 

rope), and th
cted to be m

6 

rch) 

010E

016

 
icles 

without the 

ally, a 
kely to 
widely 

e last 
ulative 
natural 
et.  In 
ted in 

on this 
gnant; 
rising 

ct with 
NGVs.  

(892 
is will 

modest 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.5.5 

Chart 2.2

(M
il

li
o

n
 C

u
b

ic
 M

et
er

s)

search LLC.  
rved. This publication
permission of Pike Re

Africa/

Two of t
Both co
natural g
crude o
refining 
have 2,
Argentin
of natura

Pakistan
end of 
imported
after 20
importat

2 Natura

Pakistan
governm
governm
build ref
expensiv

Africa d
119,679
region h

-

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

 may be used only as
esearch LLC. 

/Middle Eas

the world’s la
untries have 
gas and the a

oil supply, us
capabilities.  
,013,104 NG
na (1,832,796
al gas is locat

n has the larg
2010.  CNG
d.  There are
012 due to tr
tion of LNG.  

al Gas Used 

ni political su
ment looks r
ment has cut 
fueling station
ve over the p

does not have
9 NGVs in 20
has only fleet 

2010E

s expressly permitted 

st Market 

argest NGV m
come to com

ability to use 
ses its natura

Thus, Iran ca
Vs by the e

6 NGVs). It wa
ted in Iran.  

gest NGV ma
G is a domes
e some conce
ransportation 
 

for Transpo

upport for C
reduce foreig
tariffs on imp

ns.  Additiona
ast few years

e a strong N
009 (approxim

programs, re

2011 201

by license from Pike 

18 

markets are lo
mpose large 
it as fuel with

al gas as a 
an sell more o
end of 2010,
as estimated 

rket, with a p
stic fuel for 
erns that Pak

usage, and 

rtation Fuel, 

CNG as a tra
gn imported 
ported CNG 
ally, conversio
s.  

NGV market. 
mately the siz
esulting in ab

2 2013

Research LLC and m

ocated in the 
NGV markets

h little to no re
transportation

of its crude oi
, which will 
in 2006 that 

rojected 2,56
Pakistan, wh

kistan will sta
 the country 

 Pakistan: 20

(Sour

ansportation 
oil and cu

equipment a
on kits for ve

 Egypt is th
ze of the U.S
bout 250 NGV

2014

Natura

may not otherwise be 

Middle East: 
s because of
efining.  Iran,
n fuel due to
l for a profit.  
rank it seco
up to 18% of

60,629 NGVs 
hereas oil ge
rt to see natu

y has begun 

010-2016 

rce: Pike Resear

fuel has be
ut emissions
nd supported

ehicles have b

e region’s la
S. NGV marke
Vs spread ac

2015 201

al Gas Vehi

accessed or used, w

Pakistan and
f an abundan
 which has a
o country’s li
Iran is expec

ond, just ahe
f the world’s s

on the road b
enerally has 
ural gas shor
to investigat

rch) 

een strong a
.  The Pak

d low-cost loa
become much

rgest market
et); the rest o
ross the cont

6

 
icles 

without the 

d Iran.  
nce of 
a large 
imited 

cted to 
ead of 
supply 

by the 
to be 

rtages 
te the 

as the 
kistani 
ans to 
h less 

t, with 
of the 
tinent.  



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.5.6 

2.6 

search LLC.  
rved. This publication
permission of Pike Re

Similarly
eight sta

Asia Pa

In Asia 
concern
in NGVs
Suprem
required
the prog

Since th
for NGV
the end 
vehicles

China re
construc
Howeve
purpose
incentive
NGVs a
496,000
gas bus

The Ch
electric 
program

Other co
busines
New Ze
has mai
refueling

Curren

As was 
location
about th
about th
growth, 

Internati
infrastru
America
market 
expecte
opportun
the “chi
region.  
of a lag
based o

 may be used only as
esearch LLC. 

y, Egypt has 
ations on the 

acific Mark

Pacific, natu
ns regarding p
s.  India has 
e Court of In

d natural gas 
gress and pus

hat time, pollu
Vs in Asia.  As

of 2010 to se
s per station in

ecently compl
ction of refue
er, the country
es.  Gasoline 
e exists for c

are largely in 
0 NGVs in 20
es as that ma

inese govern
vehicle (EV) 

ms for domest

ountries in As
ses and the
aland, many 
intained a sm
g infrastructur

nt Market O

the case in P
s with a subs

he opportuniti
he NGV mark
but in much m

ionally, optim
ucture and fl
a, and parts 
for NGVs wi
d given that 
nity for new r
cken or the 
In North Am

gging consum
on the econom

s expressly permitted 

119 refueling
whole contine

et 

ural gas has
pollution in so
led the way t
ndia that sai
to be used fo

shed for great

ution restrictio
s a result, Ind
erve the proje
n 2010).   

leted a secon
eling stations
y is more likel
and diesel f

consumers to 
the bus and

010), and bus
arket grows in

nment has foc
production, a

tic and export

sia are follow
n promoting 
cities now h

mall fleet of b
re (only three

Opportunitie

Pike Researc
stantial build-o
ies for NGVs
et in the Sout
more modest 

mism is also
eet markets 
of Western E
ll continue to
the expensiv

refueling statio
egg” dilemm
erica and oth

mer market w
mic model of c

by license from Pike 

19 

 stations for n
ent of Africa, 

s only recent
ome of Asia’s
hanks to a la
d all transit 
or transit bus
ter conversion

ons in India a
ia is expected

ected 1,028,50

nd pipeline for
(with an anti
ly to continue
uel remain si
use CNG as

d heavy-duty 
s manufactur
n China.   

cused much 
and several C
t markets.   

ing the patter
the consum

ave natural g
buses (36 veh
 stations). 

es and Barr

ch’s 4Q 2009
out in natural 
.  In the Unit
thwest and N
terms. 

o very regio
are already

Europe), thos
o grow.  In o
ve infrastructu
on growth, it 

ma: whether s
her regions w
while governm
cheap fuel for

Research LLC and m

natural gas, b
according to 

tly been use
s largest citie
awsuit that res
buses had t

ses by 2001, 
n in 2002. 

and other cou
d to have 647
00 NGVs in th

r natural gas,
cipated 1,550

e to use natur
imilarly priced
s a transporta
truck segme

rers have bee

of its legisla
Chinese man

rn of first grow
mer market.  
gas-powered 
hicles) for se

riers 

9 report, those
gas refueling

ted States, fo
Northeast.  Ot

nal.  In par
y well-establis
se we spoke

other regions,
ure is not yet
also presents
stations or v

with low NGV 
ments and fle
r their vehicle

Natura

may not otherwise be 

but outside Eg
the IANGV. 

d for transpo
s have helpe
sulted in a 19
to be NGVs. 
the court wa

untries have p
7 natural gas 
he country (a

 and has inve
0 stations by
ral gas for ind
d to CNG; th
ation fuel.  A
nts (accounti
en moving fo

ative and ince
ufacturers ha

wing their flee
In the case
bus systems
veral years w

e Pike Resea
g stations rem
or example, m
ther parts of t

rts of the w
shed (the M
e with seem 
, much small
t in place.  W
s the stalema

vehicles shou
penetration, t

eets look to b
es. 

al Gas Vehi

accessed or used, w

gypt there are

ortation.  Gr
ed drive an in
998 ruling fro

 While the 
as not pleased

pushed the m
refilling statio

approximately

ested heavily 
y the end of 2
dustrial and he
hus, little econ
As a result, C
ing for 36% o

orward with n

entive attentio
ave announce

et and transit
e of Australia
s.  The Philip
with an inade

arch interview
main very opti
many are opti
he country w

world where 
Middle East, 

confident tha
ler-scale grow

While this offe
ate often seen
uld come first
this takes the
build infrastru

 
icles 

without the 

e only 

owing 
nterest 
m the 
ruling 
d with 

market 
ons by 
y 1590 

in the 
2010).  
eating 
nomic 
hina’s 
of the 

natural 

on on 
ed EV 

t NGV 
a and 
ppines 
equate 

wed in 
mistic 
mistic 
ill see 

NGV 
South 
at the 
wth is 
ers an 
n from 
t in a 

e form 
ucture 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.6.1 

2.6.2 

2.6.3 

search LLC.  
rved. This publication
permission of Pike Re

Private

In most 
driven b
converte
develop
home fo
driven 
infrastru
stations 
likely du
that as 
public.  
expecte
the curre

Conver

The line
Many m
other w
upfitter c
NGV is 

In regio
generall
engine c
the new
negate 
governm
with to m

Fuel Co

One adv
gasoline
attempt 
substan
the gas 
the natu
expecte
are sign

For LPG
most fle
refueling
lowers t
2.4).  Th

Because
gas), an
gasoline
either by
or by co

 may be used only as
esearch LLC. 

e Ownershi

countries wit
by economics
ed or purchas
ing markets 
or relatively l
by a desire

ucture is critic
remain close

ue to the type
many as ha
While home

d in Europe o
ent state of h

rsion versu

e between co
manufacturers 

ords, GM ma
convert it prio
invisible to th

ns where OE
ly higher than
can be tricky 

w fuel, and a p
much of th

ments require
make certain t

osts 

vantage of na
e or diesel.  A

to shift de
tially lower th
and diesel ta

ural gas fuel t
d to be reins

nificantly lowe

G, the per-gal
eets are buyin
g stations pric
the price betw
he cost recove

e CNG and g
nd because th
e to travel one
y the GGE, w

ost per mile. 

s expressly permitted 

p 

h strong cons
s.  Natural ga
sed without a
(such as Ch
ittle cost.  In
 to reduce 

cal to the dev
ed to private 
e of refueling
lf of the refu

e refueling ha
or North Ame
ome refueling

us Original E

onversion and
utilize conve

ay not make
or to shipping 
e final custom

EM NGVs are
n an aftermar

to manage t
poorly tuned 

he environme
e that convers
that they prov

atural gas is t
Additionally, m
mand from 
han those of 
axes.  The NA
taxes.  The m

stated becaus
r than the cos

lon price trac
ng LPG in bu
ce their fuel 
ween 80 cent
ery calculatio

gasoline are p
hey have diffe
e mile.  There

which is the co

by license from Pike 

20 

sumer sales o
as is cheape
 substantial i
ina), vehicles

n North Ame
one’s enviro

velopment of 
consumers, 

g system at “f
eling stations
as been purs
erica (please 
g appliances)

Equipment 

d original equ
rsion compan
 an NG vers
the vehicle to

mer. 

e widely avai
rket conversi
to ensure tha
NGV that fail
ental benefit 
sion systems
vide the full ra

that, due to a
many governm
traditional fu
other countri

AT GAS Act in
most recent re
se fuel prices
st of a gallon 

cked by the D
ulk, which sig
based on bul
ts and $1.00
ns in Table 3

pumped in dif
erent energy 
e are two wa

ost to produce

Research LLC and m

of NGVs, priv
er than gasol
ncrease in th
s can easily 
rica and Eur

ronmental im
the private co
and are used
fleet only” sta
s in the Unit
sued, it has 
refer to Sect
. 

 NGVs 

uipment (OEM
nies to provid
sion of the E
o the Chevy d

ilable, the qu
on.  The elec

at the engine 
ls to properly 

of using n
s be certified 
ange of benef

a much great
ments subsidi
uels.  The U
ies, and natu
ncludes an ad
efund expired

s for CNG (in 
of gasoline.

DOE is $2.85 
nificantly low
lk pricing.  O
per gallon de

3.1 assume bu

fferent ways 
levels, it take

ays to compar
e the same en

Natura

may not otherwise be 

vate ownershi
ine or diesel

he price of the
be converted

rope, private 
mpact. Howev

onsumer mar
d only for fle
ations).  In fa
ted States ar
not seen the

tion 3.3.1.1. f

M) NGVs is s
de an NG eng
Express Work
dealer.  Thus

uality of the N
ctronic comp
is running m
regulate fue

natural gas. 
for the engin

fits. 

er supply, its
ize the cost o
United State

ural gas taxes
dditional ince
d at the end 
gallon gas e

(as of Octobe
wers the cost.
On average, b
epending on t
ulk pricing for

(one is a liqu
es more CNG
re the cost of
nergy as one 

al Gas Vehi

accessed or used, w

ip is predomin
, and cars ca
e vehicle.  In 
d to natural g
ownership is

ver, the refu
rket.  Many fu
et services (t

act, some est
re not open t
e level of su
for more deta

somewhat bl
gine conversio
k Van, but ha
s, the convers

NGV is consi
onents of an

most efficiently
l in the engin
 However, 

nes they are 

 cost is lowe
of natural gas
es’ fuel taxes
s in general m
ntive of a refu
of 2009 and 

equivalents (G

er 2010); how
  In addition,

bulk pricing of
the location (
r the LPG fue

uid and the ot
G fuel compa
f CNG to gas
gallon of gas

 
icles 

without the 

nantly 
an be 
some 

gas at 
s also 
ueling 
ueling 
this is 
timate 
to the 
ccess 

ails on 

urred:  
on.  In 
as an 

sion to 

dered 
 NGV 
y with 

ne can 
many 
 used 

r than 
s in an 
s are 
match 
und of 
is not 

GGE)) 

wever, 
 most 
f LPG 
(Table 
l. 

ther a 
red to 
soline: 
soline, 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 2.4

 
Fuel Co
(in GGE

Fuel Co

Chart 2.3

 

search LLC.  
rved. This publication
permission of Pike Re

4 Cost o

ost  
E, Oct. 2010) 

ost per Mile 

The cos
level of 
(IEA) fo
were de
different
fell with
either s
could be
cheaper
many de

3 Costs
Distrib

 may be used only as
esearch LLC. 

of Natural Ga

CNG
$1.95

$0.083

st of natural g
development

ound that whe
ependent on 
t scenarios of
in a given s
cenario D or
e viewed as s
r as a fuel, bu
ecades.” 

s of CNG vers
bution Grid D

 

s expressly permitted 

as Compared

G Gasoline
5  $2.78

3 $0.111

gas as a vehic
t of the gas g
en compared
the level of 

f developmen
cenario, it ap

r E (Chart 2.3
scenario F or 
ut gasoline be

sus Gasoline
Developmen

by license from Pike 

21 

d to Other Fu

e
Ethanol 

(E85)
8 $2.44

 $0.132

(S
Alternative

cle fuel can v
rid and retail 

d to the price
infrastructure

nt.  While not 
ppears that t
3), while part
G.  The IEA 

enefits from th

e in Different
t 

Research LLC and m

uels 

Diesel
$3.07 

$0.113 

Source: U.S. Dep
e Fuels and Adva

vary from reg
networks.  T

e of gasoline
e developme
explicitly stat

the United St
rts of Wester
concluded th
he position th

t Scenarios o

Natura

may not otherwise be 

Biodiesel 
(B20) 
$3.14  

$0.073 

partment of Ener
anced Data Cent

ion to region,
he Internation
, the favorab
nt.  The IEA
ting the partic
tates would 

rn Europe an
hat “…in princ
hat it built up 

of Transport

(Source: IE

al Gas Vehi

accessed or used, w

LP
$2

$1.88 (Bu

$0.1
$0.086 (Bu

rgy,  
ter) 

, depending o
nal Energy Ag
ble prices for 
A identified se
cular countrie
be categorize
d the Middle

ciple, natural g
over the cou

tation & 

EA) 

 
icles 

without the 

PG
2.85 
ulk) 

127 
ulk) 

on the 
gency 
CNG 

everal 
es that 
ed as 

e East 
gas is 
rse of 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.6.3.1 

2.6.3.2 

2.7 

2.7.1 

 

search LLC.  
rved. This publication
permission of Pike Re

Perform

The BT
produce
natural 
relations
achieve 
within th

Because
piston c
while th
and pus
much h
increase
whereas
vehicle 
merging

In M/HD
(often w
of natur
diesel-fu

Mainten

Overall, 
therefor
vehicles
require s
be requ
the urea
Meanwh
mainten

Compe

Nearly u
compos
or diese
a larger 

Other A

A wide v
and As
Addition
America
20% gas
due to 
transpor
alternati

 may be used only as
esearch LLC. 

mance versu

TU rating of n
e the same h
gas is highe
ship means 

the full bene
he piston cylin

e natural gas
ylinder (it ign
e piston is st
sh the piston 
igher than in 
e in horsepo
s NGVs can 
will not have

g onto a freew

D truck applic
with a compres
ral gas.  Ther
ueled engines

nance on NG

NGVs have 
e, the majorit

s.  Brakes, s
similar mainte
ired as often 
a tank exhaus
hile, some M
nance. 

eting Techn

unanimously, 
e part of the s

el.  Depending
role in the tra

Alternative

variety of alte
ia, diesel is 

nally, its high
a, gasohol (10
soline is cons
its abundan

rtation fuel.  
ive fuels in so

 

s expressly permitted 

us Diesel/Gas

natural gas i
orsepower as

er; thus, the 
that an engi
efit of the fue
nder and adva

s has a lowe
ites faster, bu
ill traveling u
back down 
gasoline, the

ower (gasolin
have compr

e the power 
way). 

cations, large 
ssion ratio of 
refore, mediu
s. 

GVs versus D

numerous co
ty of mainten
shocks, air c
enance; howe
for NGVs.  In

st scrubbers, 
M/HD trucks 

nologies 

interview res
solution, and 
g on the appli
ansportation a

 Fuels 

ernative fuels 
used in pas

her efficiency 
00% ethanol)
sidered a stan
ce, coal gas
In North Am

ome regions.

by license from Pike 

22 

asoline Engin

s lower than
s gasoline in 
spark can ig
ine has to b
el.  Such a d
ancing the sp

er BTU rating
ut burns longe
p the cylinde
at its most e
e compressio

ne engines ty
ession of 12
necessary fo

diesel engin
up to 25:1), m
m/heavy-duty

Diesel/Gasol

mponents tha
ance costs w

conditioning, 
ever, oil chan
n the large d
meaning the
are now lik

spondents for
note that the
cation and th
arena than ot

exist, and av
ssenger vehi

provides be
 is a widely u
ndard fuel rath
sification is b
merica, E85 

Research LLC and m

nes 

n that of gas
the same en

gnite the fuel
be specifically
design includ
park.   

g, it takes lon
er).  By advan
r, the fuel ha

efficient point
on can be su
ypically have

2:1 to 14.7:1)
or strong acc

nes are desig
making them
y NGVs can 

line Engines 

at are similar 
will be compa
and electric 

nges and spar
iesel engines
ere is no nee
kely to have 

r this report i
ere is no single
he needs, how
ther alternativ

vailability dep
icles becaus

etter fuel eco
used alternati
her than an a
being explor
(85% ethan

Natura

may not otherwise be 

soline, meani
ngine.  Yet, t
l more quick
y designed f
es increasing

nger for the f
ncing the spa
s more time 
.  Since the 

ubstantially hi
e compressio
).  Without th
celeration (lik

gned for very 
well-suited to
provide simila

 

to those of a 
arable betwee

systems are
rk plug chang
s, there are n
ed to replace 

spark plugs

ndicate that a
e “right” fuel t

wever, natura
ve fuels in som

pends on the 
e it costs le

onomy than g
ve fuel, and e

alternative in B
red in China
nol) and prop

al Gas Vehi

accessed or used, w

ing it is unab
the octane le

kly.  Basically
for natural g
g the compre

fuel to burn 
ark to ignite th
to burn comp
octane level 
gher, providi

on of 9:1 to 
hese changes
ke climbing h

high compre
o the higher o
ar power to t

traditional ve
en the two typ
e very simila
ges are not lik
o requiremen
the urea rout

s that will re

alternative fue
to replace ga
l gas already 
me regions. 

region.  In E
ess than gas
gasoline.  In 
ethanol mixed
Brazil.  Mean
 specifically 

pane are use

 
icles 

without the 

ble to 
evel of 
y, this 
gas to 
ession 

in the 
he fuel 
pletely 

is so 
ng an 
11:1, 

s, the 
ills or 

ession 
octane 
hat of 

ehicle; 
pes of 
r and 

kely to 
nts for 
tinely. 
equire 

els all 
soline 
plays 

urope 
soline.  

Latin 
d with 
while, 
as a 

ed as 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.7.2 

Chart 2.4

2.7.3 

No

La

Wes

Eas

A

search LLC.  
rved. This publication
permission of Pike Re

Liquid 

Propane
Europe 
gas: it m
into the 
vehicles
available
and the 

The ma
than for 
fuel stat
result, th

Overall, 
major ex
of natur
non-exis

4 Numb

Hydrog

Hydroge
compare
methods
electricit
water, m

-

orth America

atin America

stern Europe

stern Europe

Asia Pacific

Africa/Middle 
East

Total

 may be used only as
esearch LLC. 

 Petroleum 

e or LPG (or
and the Midd

must be store
cylinder to be

s in Europe.  
e with CNG o
Middle East t

in reason tha
natural gas, 

tion to LPG ca
here are abou

the market fo
xception of s
ral gas and t
stent in these

ber of LPG Ve

gen 

en is an inte
ed to gas, its
s for using hy
ty to power a
making it attr

5,0

s expressly permitted 

 Gas (LPG)/

r autogas as 
dle East as a
ed in pressur
e ignited by th
However, be
on multi-fuel 
than natural g

at LPG is mo
particularly f

an cost as litt
ut three times

or LPG is foc
ome key Sou
the focus on
 markets. 

ehicles, Wor

(

resting replac
s lack of em
ydrogen in ve
an electric m
ractive when 

000,000 

by license from Pike 

23 

/Autogas 

it is called 
a vehicle fuel
ized tanks an
he spark.  As 
cause it mus
vehicles.  LP
gas, and man

ore widely ava
for refueling i
le as $20,000

s as many LPG

cused in many
uth American 
 ethanol in B

rld Markets: 2

(Source: World L

cement for g
missions, and 

hicles: burnin
otor.  In both
measuring v

10,000,000 

Research LLC and m

in Europe) is
.  It has prop
nd is typically
with natural g

st be stored in
PG is much m
ny view the tw

ailable is that
nfrastructure
0, depending 
G refueling st

y of the same
markets.  In 

Brazil and A

2008, 2010 

LP Gas Associati

gasoline due 
its abundan

ng it in an ICE
h cases, the 
vehicle emiss

15,000,000 

Natura

may not otherwise be 

s widely avai
perties simila
y gasified bef
gas, LPG is o
n pressurized
more widely a
wo fuels as co

t its associate
.  In fact, upg
on availability
tations as NG

e areas as na
 South Amer

Argentina hav

ion, Pike Resear

to its high c
ce.  There a
E or using fue
process ess

sions.  Most 

20,000,00

al Gas Vehi

accessed or used, w

ilable and us
r to that of n
fore being inj

often used in b
d tanks, LPG 
available in E
ompeting.  

ed costs are 
grading an ex
y of the land. 

GV stations. 

atural gas, wi
rica, the avail
e largely left

rch) 

chemical effic
are essentiall
el cells to gen
sentially emits
major autom

00 

2008

2010

 
icles 

without the 

sed in 
natural 
jected 
bi-fuel 
is not 
urope 

lower 
xisting 
  As a 

th the 
ability 
t LPG 

ciency 
y two 

nerate 
s only 

makers 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.7.4 

2.7.5 

search LLC.  
rved. This publication
permission of Pike Re

have hy
FCX Cla

Natural 
infrastru
refueling
a hydrog
boils at 
with CN
reduce t

Hybrid

Hybrids 
power in
testing o
both pa
1997, a
develop

Vehicle 
EV desi
refuel.  
trucks a
offered 
NGVs a

 Long

 Thos
looki

 Area

The ma
currently
as addit
appeal o
though 
NGVs. 

Fuel Ce

In 2003
was follo
vehicles
consens
market. 
fuel cel
cost-com

Fuel cel
vehicles
among m
refueling

 may be used only as
esearch LLC. 

ydrogen fuel 
arity), which is

gas is consid
ucture for both
g station.  Ma
gen fuel will b
-252.9C (na

NG, hydrogen
the amount of

d and Electr

(HEVs), plug
n some way. 
of hybridizatio
assenger and
and almost 
ment (if not a

uses that are
ign are those
Those intervi

and buses ca
by NG buse
s tools for diff

g range requir

se groups tha
ng to move a

as with an exis

ajor drawback
y the cost driv
tional manufa
of EV and PH
this will likely

ell Advance

, President G
owed by legis

s more practi
sus as to whe
 Automakers
l vehicles to

mpetitive with

lls remain pro
s, and the dev
major automa
g infrastructur

s expressly permitted 

cell program
s available fo

dered by man
h CNG and L
any believe th
be much eas
atural gas bo
n is already b
f CNG used w

ric Vehicle T

g-in hybrids 
 Every segm

on, and sever
 M/HD truck
every major

already comm

e most amen
e with a set 
iewed for this
n deliver the 

es or trucks. 
fferent types o

rements (over

at must mee
away from gas

sting natural g

k to plug-in 
vers, but are 

acturing plants
HEV options is
y be at the e

ements 

George W. Bu
slation to help
ical by 2020
en fuel cell te
s signed a m
o market by
h gasoline or N

omising as a
velopment of 
akers.  Howe
re to power th

by license from Pike 

24 

s, with Hond
r lease in Los

ny to be a “ga
NG refueling 

hat if the infra
ier and less e
ils at -160C)

being used as
without suffer

Technologi

(PHEVs), an
ment of the ve

al plug-in elec
k form.  Toyo
r manufactur

mercially availa

able to both 
route that re

s report, howe
same combi
 Consequen

of jobs.  NGV

r 100 miles) 

et EPACT req
s or diesel for

gas infrastruc

electric vehic
expected to d

s come on lin
s expected to
expense of ga

ush announce
p develop inf
.  A great d
echnology wil

memorandum 
 2015.  Ho
NG vehicles f

very clean a
these vehicle

ever, big hurd
he fuel cell.  M

Research LLC and m

da having the
s Angeles for 

ateway” fuel t
stations is ve

astructure is i
expensive.  S
) and must b
s a fuel (HC

ring a loss in p

ies 

nd electric ve
ehicle market 
ctric vehicles 
ota has sold 
rer now has
able).   

the current N
eturn “home” 
ever, remain 
ination of ran

ntly, many fle
s are general

quirements (
r other reason

cture 

cles involves 
drop in price 

ne.  As the ba
o increase sub
as and diese

ed the Hydro
frastructure a
deal of resea
ll be cost-effe
of understan

owever, these
for many year

and consisten
es continues 
les remain, in
Many within t

Natura

may not otherwise be 

e only “produ
$600 per mo

to the hydrog
ery similar to 
n place for N

Similar to natu
be vented as 
NG) in some
performance.

ehicles (EVs) 
has experien
are now reac
its market-le

s an HEV, 

NGV infrastru
– where the
skeptical tha

nge and envi
eets view ele
lly considered

(i.e., governm
ns 

 cost; lithium
during the ne

atteries’ expen
bstantially in d
el powered ve

ogen Fuel Init
nd technolog

arch continue
ective for the
nding that sta
e vehicles a
rs. 

nt source of e
at both the u

ncluding cost
the natural ga

al Gas Vehi

accessed or used, w

uction” vehicle
onth. 

gen economy.
that of a hyd

NGVs, the swi
ural gas, hyd
it boils off.  M

e areas, help
 

use electric
nced at least 
ching the mar
eading Prius 
PHEV, or E

cture situatio
y can rechar

at hybrid or E
ronmental be

ectric vehicles
d better-suited

ment fleets) o

m-ion batterie
ext couple of 
nse decrease
developed na
ehicles rather

tiative (HFI), 
y to make fu
s, but there 

e consumer v
ates they will 
are unlikely t

electricity to p
university leve
t and the hyd
as refueling m

 
icles 

without the 

e (the 

.  The 
rogen 
itch to 
rogen 
Mixed 
ing to 

ity for 
some 

rket in 
since 

EV in 

n and 
rge or 

EV HD 
enefits 
s and 
d for: 

or are 

es are 
years 

es, the 
ations, 
r than 

which 
el cell 
is no 
ehicle 
bring 

to be 

power 
el and 
rogen 

market 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

2.8 

search LLC.  
rved. This publication
permission of Pike Re

assert th

CNG/L

NGVs d
provide 
similar t
fuel line

NGV ref
not beh
program
program
well as h

 may be used only as
esearch LLC. 

hat natural ga

NG Handlin

do entail som
specific NGV

to those of ot
s, and ECUs 

fueling station
have in a sim
ms to help sta
ms also help o
how to safely 

s expressly permitted 

as infrastructu

ng Training

e special trai
V repair trainin
her vehicles, 
require speci

ns also neces
milar fashion
ation operator
operators (and

remove LNG

by license from Pike 

25 

ure is a precu

 Issues 

ining for main
ng for technic
the specialty

ialized knowle

ssitate specia
n to gasoline
rs understand
d drivers) und

G fuel from a v

Research LLC and m

rsor to hydrog

ntenance and
cians.  While 
y parts for the
edge. 

alized training
e in a leak, 
d how to wor
derstand how
vehicle. 

Natura

may not otherwise be 

gen infrastruc

d repair.  Sev
many compo
e pressurized

g.  Because m
there are s

rk with the fu
w the refueling

al Gas Vehi

accessed or used, w

cture. 

veral organiza
nents of NGV

d or thermos t

methane gas
pecialized tra
el.  These tra

g systems wo

 
icles 

without the 

ations 
Vs are 
tanks, 

s does 
aining 
aining 

ork, as 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

3.1 

Table 3.1

 
Physical Sta

Octane Num

Boiling Tem

Auto-Ignition

Lower Heat

Non-methan

Methane 

Carbon Mon

NOx Emissi

Particulate M

a Compared t
b When tested

3.1.1 

search LLC.  
rved. This publication
permission of Pike Re

Chemic

Natural 
means t
diesel.  
compare
monoxid
greenho

1 Prope

ate during Stor

mber 

mperature (F) 

n Temperature

ing Value (BTU

ne Hydrocarbo

noxide Emissio

ons 

Matter Emissio

to a traditional ga
d in a dual-fuel d

When n
pure en
sulfide, 
burning 

Liquefi

Natural 
(-160C
LNG oc
less spa
as a CN

LNG ve
tanks.  T

 may be used only as
esearch LLC. 

cal Charac

gas consists
that more fue
However, be
ed to diesel’s
de and carb
ouse gases by

erties of Natu

Gaso
age L

8

80

e (C) 

Us) 115

ns 

ons 

ons 

asoline engine in
diesel engine 

natural gas is 
nough to use 

and carbon 
efficiently in e

ied Natural

gas is gaseo
) to be liquefi
cupies about 

ace than CNG
NG. 

ehicles have 
These vacuum

s expressly permitted 

Se
TECHNO

teristics of 

 largely of m
el is required 
ecause it only
s sixteen car
bon dioxide. 
y 21% to 26%

ural Gas Com

oline
Eth

(
Liquid 

87-93 100

0-450 

250 

5,400 7

 
incr

 
inc

 18%
redu

 20%
redu

 
redu

 a similar vehicle

drilled or rec
as fuel.  Th

dioxide, can 
engines (or h

 Gas 

ous methane 
ed.  The gas 
1/600th of th

G.  Conseque

what essent
m-sealed tank

by license from Pike 

26 

ection 3
OLOGY IS

 Natural Ga

ethane (CH4)
to generate 

y contains one
rbon atoms (

 According 
% over gasolin

mpared to Ot

hanol 
(E85) Die
Liquid L

0–105 

173 360

363 

75,670 128

12% 
reasea 

91% 
crease 

%-20% 
uctiona 

%-55% 
uctiona 

33% 
uctiona 
e 

(S

covered, it m
hese contami

corrode tank
omes). 

at room temp
does not tak

he space of n
ently, LNG ca

tially amount
ks hold the co

Research LLC and m

3 
SSUES 

as 

).  Methane b
the same am

e carbon atom
(C16H34), natu

to the U.S
ne engines. 

ther Fuels 

esel C
iquid 

N/A 

0-600 

254 

8,700 19

 50%-
incre

 40
incre

 90%-
reduc

 35%-
reduc

 ~1
reduc

Source: U.S. Dep

must be clean
inants, includ
ks and fuel li

peratures; it m
ke up as much
non-compress
an fit more fue

ts to advance
old temperatu

Natura

may not otherwise be 

burns with lo
mount of ene
m for the fou
ural gas emi

S. DOE, nat

CNG
Gas 

120 

N/A 

460 

9,760 

-75% 
easea red

00%+ 
easea 

4
inc

-97% 
ctiona 

90%
red

-60% 
ctiona 

35%
red

100% 
ctiona red

partment of Ener

ned of contam
ding oil, wate
ines and pre

must be supe
h “space” whe
sed natural g
el in the same

ed thermose
ures required

al Gas Vehi

accessed or used, w

wer energy, 
ergy as gasol
ur hydrogen a
ts far less c

tural gas red

LNG 
Liquid 

120 

-259 

460 

76,300 

50%+ 
ductionb red

400%+ 
creasea 

%-97% 
ductionb red

%-60% 
ductionb red

90% 
ductionb red

rgy) 

minants befor
er vapor, hyd
event the fuel

er cooled to -2
en in a liquid 
as and about
e amount of s

es for fuel st
 for LNG, but

 
icles 

without the 

which 
ine or 

atoms, 
carbon 
duces 

LPG
Liquid 

110 

-44 

450 

81,000 

>40% 
ductiona 

 

30% 
ductiona 

40% 
ductiona 

~100% 
ductiona 

re it is 
rogen 
l from 

259F 
state: 
t 30% 
space 

torage 
t must 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 3.1

3.1.2 

search LLC.  
rved. This publication
permission of Pike Re

also be
vaporize
time; de
Addition

The natu
Thus, a
gaseous
fuel to v
more we

The app
LNG; th
handful 
“hub an
few veh

1 Usage

Compr

Natural 
250 bar 
can car
CNG is 
reduces
CNG en
engine. 

 may be used only as
esearch LLC. 

 vented to a
e.  Therefore,
epending on 
nally, the vapo

ural gas has t
n LNG-fueled
s state withou
venting.  Com
eight to a veh

plicability of L
he United Sta

of these are 
d spoke” typ
icles are able

e of LNG, Un

ressed Natu

gas that is a
pressure (3,6

ry.  If the ga
already in a 

s the amount 
ngines require
  

T

R

s expressly permitted 

avoid a build
 one of the d
the size, th

ors that are ve

to be vaporize
d engine requ
ut causing too
mbined with t
hicle than a co

LNG is hinde
ates, for exam

open to the 
e design, wh

e to use LNG 

ited States: 

ural Gas 

at room temp
600 pounds p
s were not p
gaseous stat
of equipmen

e a pressure 

Transit Buse
54%

Refuse Vehic
30%

by license from Pike 

27 

d-up of press
rawbacks of t
e tank will b
ented off are 

ed before it c
uires addition
o great an in
the large tan
omparable CN

ered by the l
mple, has ap
public.  For t

here the vehic
for OTR fuel.

2010 

(So

perature in g
per square in

pressurized, t
te, it can be u
t required on
regulator to 

es

cles

App

Research LLC and m

sure as the 
the LNG syst
be completel
methane, a g

can be injecte
nal equipmen
crease in the

nks, this addit
NG system. 

imited numbe
pproximately 
the most par
cle returns to
 

ource: Internation

gaseous form
nch) to increa
the fuel would
used in its cu
n the vehicle 
control the p

Port 
plications

12%

Natura

may not otherwise be 

fuel warms 
tem is the boi
ly empty in 
greenhouse g

ed into the com
nt to return th
e pressure an
tional equipm

er of refuelin
60 LNG stat

rt, LNG is use
o a central re

nal Energy Agen

m can be com
ase the amou
d be too bulk

urrent state in
(compared to
ressure of th

Road Fuel
4%

al Gas Vehi

accessed or used, w

up and begi
ling off of fue
a matter of 
as.   

mbustion cha
he natural gas
nd losing too 
ment typically

ng stations of
tions – and o
ed by fleets w
efueling point

ncy) 

mpressed to 
nt of fuel a v
ky to carry.  
 the engine, 

o an LNG veh
e gas enterin

 
icles 

without the 

ins to 
el over 

days.  

mber.  
s to a 
much 
 adds 

ffering 
only a 
with a 
t; very 

about 
ehicle 
Since 
which 
hicle).  
ng the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

3.1.3 

3.1.4 

3.1.4.1 

3.2 

search LLC.  
rved. This publication
permission of Pike Re

Biogas

Biogas 
material
Once it 
natural g
the biog
made in

Biogas 
produce
landfill g
Sweden
of the te
the natu
2% of th

Propan

Propane
(LPG) o
in.  This
than die
propane
butane. 

The boi
combus
enough 
between
tank, an
ambient

LPG Inf

Compar
for LPG
not requ
be set u
stations 
addition

NGV E

There a
LNG..  H
the eng
the com

Diesel e
fuel igni
engine h

In most 
often a 

 may be used only as
esearch LLC. 

s 

is methane 
ls.  Sources 
is produced 
gas.  Becaus
gas is burned
nto fuel.   

is still in the
e.  Several bi
gas to fuel t
n has invested
echnology.  A
ural gas used 
he total fuel us

ne (Liquefie

e is derived fr
or autogas is 
s fuel is still co
esel’s 16.  W
e used in win

ling point for
tion.  Howev
volume for v

n 22 and 25 
nd tanks are
t temperature

frastructure 

red to other a
 are relatively

uire a pipeline
up for as littl
have found 

, propane doe

ngines 

are essentially
However, the
ines themselv

mbustion cham

engines are a
tes in the com
has to be mod

regions, NGV
combination 

s expressly permitted 

produced a
include biom
and the impu

se plants use 
d, the CO2 em

e early stage
iogas plants 
rucks or to b
d heavily in b
According to t

as transporta
sed by its veh

ed Petroleu

rom natural g
almost all pro
onsidered low
hile the ratio

nter months), 

r propane is 
ver, this also 
vehicles to u
bar (about 3

e typically fill
) to leave roo

 

alternative fue
y simple.  Pr

e.  A tank of L
e as $25,000
they can ine

es not degrad

y two types o
 differences b
ves.  Both CN

mber; hence, t

also often con
mbustion cham
dified to use a

Vs are desig
of gasoline a

by license from Pike 

28 

s a byprodu
ass, manure
urities cleane
CO2, it is oft

mitted by the

es of develop
operate in th
be pumped i
biogas produc
the Swedish 
ation fuel in S
hicles for 200

m Gas) 

as and petrol
opane (C3H8)
w-carbon bec
of propane a
it is compos

low (-44°F),
means that L

use effectively
60 psi).  At t
ed to about 

om for vaporiz

els, including 
ropane tanks 
LPG can be d
0.  Because 
expensively c
de over time. 

of natural gas
between the 
NG and LNG 
the engines fo

nverted or de
mber due to p
a spark ignitio

ned to be ca
and natural ga

Research LLC and m

uct of the b
, sewage, lan

ed out, biogas
ten considere
e vehicle is u

pment, and 
he United Sta
into the natu
ction and is c
Gas Associa

Sweden at the
8. 

leum refining
, a small amo

cause it has s
and butane m
sed of no less

 resulting in 
LPG has to b
y.  LPG tank
this pressure
80% to 85%

zation. 

natural gas, 
can easily b

delivered on a
of this low c

convert gasol
  

s vehicle eng
two are in te
 engines requ
or gasoline, C

esigned to run
pressure and 
on with natura

apable of runn
as).  For exam

Natura

may not otherwise be 

reakdown of
ndfills, or oth
s can be trea

ed a “carbon n
sed by plant

is therefore 
ates, and the
ural gas pipe
considered on
ation, biogas 
e end of 2008

.  While lique
ount of butan
significantly fe
may vary by s
s than 90% p

fuel that is 
be compresse
ks typically a

e, the fuel wil
% capacity (

the infrastruc
e filled and t

a truck and a 
cost, many fl
line pumps to

ines: one for
rms of fuel st
uire a spark t

CNG, and LNG

n natural gas
not spark.  A

al gas. 

ning on two t
mple, vehicle

al Gas Vehi

accessed or used, w

f different or
her waste fac
ated like any 
neutral” fuel: 
ts that will the

very expens
ese essentiall
line.  For its
n the leading
composed 58

8, or approxim

fied petroleum
ne (C4H10) is m
ewer carbon a
season (with 
propane and 

easily gasifie
ed to store a 
are compress
l liquefy with
depending o

cture requirem
ransported a
fueling statio

leets and ga
o LPG pump

r CNG and on
torage – not 
to ignite the f
G look simila

s.  However, 
As a result, a 

types of fuel 
es in Brazil ca

 
icles 

without the 

rganic 
cilities.  

other 
 After 
en be 

ive to 
y use 

s part, 
 edge 
8% of 

mately 

m gas 
mixed 
atoms 
more 
2.5% 

ed for 
large 

sed to 
in the 

on the 

ments 
nd do 

on can 
soline 

ps.  In 

ne for 
within 
fuel in 
r.   

diesel 
diesel 

(most 
an run 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

3.2.1 

3.2.2 

search LLC.  
rved. This publication
permission of Pike Re

on CNG
(Note th
even tho

Dedica

“Dedicat
CNG or 
being pr

The ma
to the v
electron
bi-fuel v
vehicles
tradition
allows f
greater. 
purpose
with hea

Bi-Fue

Bi-fuel N
design, 
gas.  Th
automat
is runnin

Bi-fuel v
users’ fe
decreas
as their 
the rang
benefits
fueled b

 may be used only as
esearch LLC. 

G, gasoline, 2
hat most trad
ough most dri

ated Mono-F

ted” NGVs ar
LNG vehicle

roduced are m

in advantage
vehicles, a re
nic equipment
vehicles. The
s.  Because 
nal gasoline fu
for the storag

 However, L
es of venting 
avy-duty vehic

l Engines 

NGVs have s
the vehicle c

his process ca
tic electronic 
ng, and can b

vehicles offer 
ears of being
sed size of the

gasoline or d
ge can reach
 from reduced

by CNG. 

s expressly permitted 

0% ethanol, 
ditional vehicl
iven within th

Fuel Engine

re vehicles tha
es, but use no
mono-fuel LN

 to mono-fue
duced compl
t to switch fu
e main disad
CNG tanks t
uel tank, the r
ge of more fu
LNG tanks ar
the tanks and
cles given the

eparate tanks
an switch ove
an be accomp
switching.  M

be nearly impe

an expanded
 stranded be

e fuel tank, CN
diesel counter
 that of a tra
d emissions a

by license from Pike 

29 

and 100% alc
es in Brazil 
e country only

es 

at accept only
o gasoline or 
G or CNG ve

el vehicles is t
lexity in the e
els.  This hel
vantage for 
take up much
range is lowe
el in the sam
re larger over
d using the fu
eir capacity fo

s for the natu
er to tradition
plished via a s

Modern design
erceptible to t

d driving rang
etween natura
NG cars for th
rparts.  By pro
aditionally fue
and reduced 

Research LLC and m

cohol (somet
can run eithe
y use fuel tha

y natural gas 
diesel fuel.  

ehicles. 

the simplicity
engine contro
lps to mainta
mono-fuel N
h more phys

er in LVs whe
me space as 
rall and more
uel.  Consequ
or larger tanks

ural gas and t
nal fuel after e
switch on the
ns allow the s
the driver. 

ge over mono
al gas refuelin
he most part 
oviding small

eled vehicle.  
fuel costs be

Natura

may not otherwise be 

times called t
er ethanol or
at is an ethan

as a fuel.  Th
Many heavy-

y.  There are 
ol unit (ECU)

ain a lower ov
GVs is the r

sical space in
re space is a
a CNG; there
e equipment 
uently, LNG i
s. 

the gasoline 
exhausting th
 vehicle’s das

switch to occu

o-fuel NGVs, 
ng stations.  
cannot achie
er tanks with
However, a 

cause a porti

al Gas Vehi

accessed or used, w

tetra-fuel veh
r 100% gaso
ol mix.) 

hese may be 
-duty vehicles

fewer compo
), and no nee
verall cost tha
range in ligh
n a vehicle th
t a premium. 
efore, the ran
is required fo
is more often

or ethanol.  I
e supply of n
shboard or th
ur while the v

and can elim
Largely due 
ve the same 
 both types o
bi-fuel vehic

ion of the driv

 
icles 

without the 

icles).  
line – 

either 
s now 

onents 
ed for 
an for 

ht-duty 
han a 
 LNG 

nge is 
or the 

n used 

In this 
natural 
rough 
ehicle 

minate 
to the 
range 

of fuel, 
le still 
ving is 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 3.

3.2.3 

3.2.4 

search LLC.  
rved. This publication
permission of Pike Re

1 Bi-Fue

Dual-F

Dual-fue
of spark
combus
ignited b

Dual-fue
petroleu
dual-fue
fuel eng
ignition 

OEM P

Ford an
prepare
In Ford’s
for vehi
transpar
ordered 
the veh
vehicle 
Howeve
pre-sele

In most 
6.0L V8
systems

 may be used only as
esearch LLC. 

el Vehicle Di

uel Engines

el engines are
k ignition sys
tion chambe

by the diesel. 

el engines p
um-fuel vehic
el engines wil
gines may run
chamber (ofte

repared En

nd General M
d for convers
s case, the e
icle conversi
rent and app
and then the

icle.  Howeve
is marketed

er, in reality th
ected converte

cases, OEM
 gasoline eng

s (pressurized

s expressly permitted 

iagram 

(Sour

s 

e similar to bi
stems, dual-f
r to ignite, a

produce sub
cles since the
l always con
n burning 100
en running m

ngine Conve

Motors in the
sion to NGV. 
ngine is orde
on to CNG 

pear to be si
e vehicle is s
er, Ford is no
 as an NGV
he GM factor
er (Productive

M NGV engine
gine is simila
d tanks, lines

by license from Pike 

30 

rce: National Alte

i-fuel engines
fuel engines
and natural g

bstantially low
ey burn less
sume a little 
0% diesel or 
ore than 90%

ersions 

e United Stat
 While marke

ered as an op
or LNG.  O

mply orderin
ent out for co
ot marketing 
V and order
ry is prepping
e Concepts In

es are similar
r to a 6.0L V
, pressure reg

Research LLC and m

ernative Fuels Tr

s in that they 
use a smal

gas is then i

wer levels 
s diesel.  Un
bit of diesel 
switch over t

% on natural g

tes have sta
eted different

ption package
Often for the
ng a NGV fro
onversion to 
these as NG

red from the
g the engine 
nternational). 

r to their gas
V8 CNG engin
gulators, etc.

Natura

may not otherwise be 

raining Consortiu

contain two f
l amount of 
injected into 

of emissions
nlike bi-fuel e
to generate t
to use 5% to

gas). 

arted to offer
tly, the conce

e (91G) – as a
e end custom
om the deale
NGV before t

GVs per se.  
e dealer as 
before sendin
 

s or diesel co
ne).  In additi
), NGV engin

al Gas Vehi

accessed or used, w

 
um) 

fuel tanks.  In
diesel fuel i
the chambe

s than trad
engines, how
the ignition.  

o 10% diesel 

r engines tha
epts are the s
an engine pre
mer, this ma
er.  The eng
the customer
In GM’s case
a complete 
ng the vehicle

ounterparts (e
on to differen

nes themselve

 
icles 

without the 

nstead 
in the 

er and 

itional 
wever, 

Dual-
in the 

at are 
same.  
epped 
ay be 
ine is 
r sees 
e, the 
NGV.  
e to a 

e.g., a 
nt fuel 
es will 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 3.2

Eng
Com
Pisto

Valv

Valv

Tran

Pisto

3.3 

3.3.1 

3.3.1.1 

search LLC.  
rved. This publication
permission of Pike Re

often ha
either d
maintain

2 Engin

gine 
mponent 
on Rings 

ves 

ve Seats 

nsmission 

ons 

Aside fr
also be 
must be
for meth
OEMs w

Refuel

Because
infrastru
specific 
learning

CNG R

As men
points a
tanks pr
vehicle 
compres
fuel.  In 
into the 

Home re
accepta
used by
cost of t

Home R

A major
them, so
the eco
America
FuelMak
available
distribut
2009 af

 may be used only as
esearch LLC. 

ave some diffe
iesel or gaso
n the durabilit

e Componen

Upgra
Harden

Harden

Harden

Reprog

In some

rom the comp
upgraded: th

e able to endu
hane fuel exha
will provide sp

ing Techno

e NG is eith
ucture differs 

procedure to
g curve is sma

Refueling 

tioned, natura
at which this c
rior to pumpi
has the adv

ssion storage
the “fast fill” 
vehicle; these

efueling of C
nce.  The co

y some fleets 
the infrastruct

Refueling Ap

rity of homes 
o connecting 

onomic reality
a.  Over the 
ker-manufact
e and best-kn
te the applian
fter Honda de

s expressly permitted 

erent parts si
line. The inte

ty of the engin

nts Typically

ade 
n for higher tem

n with tungsten 

n with tungsten 

grammed for dif

e cases, piston

ponents note
he engine con
ure higher tem
aust.  These 

pecifications th

ology 

her compres
from a typica
o refuel thes
all. 

al gas has to
can happen: a
ng it into the
vantage of b
e tanks).  How

systems, the
e are the syst

NG has been
oncept of hom

that are set u
ture.   

ppliances 

in the United
a small comp

y of home re
years, few h

ured Phill “H
nown thanks 
nces with the
ecided to with

by license from Pike 

31 

nce natural g
ernal engine c
ne while burn

y Upgraded b

mperatures 

and/or nickel f

and/or nickel f

fferent power c

n designs may 

ed in Table 3
ntrol unit (com
mperatures; a
changes are 
hat enable th

ssed or lique
al gas pump.
se vehicles, m

o be compres
as the fuel is 
e vehicle.  Na
being a sma
wever, it take
e fuel is alrea
tems typically

n a reality for
me refueling o
up to refuel th

d States and 
pressor to ref
efueling has 
home refuelin
Home Refue
in no small p

e Civic GX.  
hdraw from t

Research LLC and m

gas burns at a
components t
ing natural ga

by OEMs 

for higher temp

for higher temp

curve 

be revised for 

(Sour

3.2, parts unr
mputer) must 
and the cataly

most often co
e warranty to

efied at a lo
.  While the 
most profess

ssed into the 
being pumpe

atural gas th
ller operation

es substantia
ady compress
y in use at ret

r some time, 
of CNG seem
heir vehicles 

Europe have
fill the tank of 
not worked 

ng appliance
eling Applian
part to a partn

The compan
the partnersh

Natura

may not otherwise be 

a much highe
that are revis
as. 

peratures 

peratures 

higher compre

rce: Pike Resear

elated to the
be reprogram

ytic converter 
ompleted by 

o remain effec

ow temperat
consuming p

sionals in the

tanks.  Ther
ed into the ve
at is compre
n (there is n
lly longer to f
sed and is pu
tail CNG fuel 

though it has
ms valid and 
overnight, the

e natural gas
f the vehicle m
out in either

es have come
ce” became 

nership with A
ny declared b
hip.  IMPCO 

al Gas Vehi

accessed or used, w

r temperature
sed are done 

ession rates 

rch) 

e fuel system 
mmed; spark 
must be optim
converters, b

ctive. 

ture, the refu
public must le
e industry fee

re are two dif
ehicle or in st
essed as it fil
no need for 
fill the vehicle
umped at pre
stations. 

s struggled to
a similar mo

ereby reducin

s lines runnin
makes sense
r Europe or 
e to market. 

the most w
American Hon
bankruptcy in
(a division of

 
icles 

without the 

e than 
so to 

must 
plugs 
mized 

but the 

ueling 
earn a 
el the 

fferent 
torage 
ls the 
large 

e with 
essure 

o gain 
odel is 
ng the 

g into 
.  Yet, 
North 
 The 

widely 
nda to 
n April 
f Fuel 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

3.3.2 

3.4 

3.4.1 

3.4.2 

search LLC.  
rved. This publication
permission of Pike Re

Solution
selling th

The sys
time of 
(not incl
$4,500 a
the failu
industry
the cons

LNG R

LNG is s
the liqui
that of g
for the m
some ca
and pipe

LNG ref
this fuel
LNG ref
gasoline
$150,00

Natura

Safety 

Many be
tanks.  A
think the
of the p
safety fe
has bee
very qui

On-Veh

Tanks a
for vehic
Contain
Require
standard
features
before t
accept u
requirem
tempera
3600 ps
be filled
tempera
tank fall

 may be used only as
esearch LLC. 

n Systems) p
he refueler ag

stem originally
FuelMaker’s 
luding installa
and currently
re of home re

y still indicate 
sumer market

efueling 

stored in a cr
d state.  Whil
gasoline (sinc
methane to tu
ases, the natu
ed to the refu

fueling station
 is only used
fueling.  The 
e station: $30
00 for gas/dies

al Gas Prod

 Issues 

elieve that be
As one interv
ey are sitting 
ast.  Howeve
eatures, and b
en greatly red
ckly when rel

hicle Storag

are designed 
cles must me
er Integrity) s
ments for Co
d set that is m
s, including h
the tank heat
up to 25% mo
ments.  First,
ature and pres
si, the pressur
 to a slightly 

ature rises wi
s to the ambi

s expressly permitted 

picked up of 
gain in late 20

y sold for aro
bankruptcy, 

ation).  IMPC
 qualifies for 
efueling appli
that home re
t.   

ryogenic tank 
e the fuel is i

ce both are liq
urn into a liqu
ural gas is liq
eling station.

ns are genera
 by fleets.  H
cost of an LN
00,000 to $1
sel station eq

uction 

ecause natura
viewee stated
on top of a b

er, with the de
better refuelin
duced.  Addit
leased or ven

ge Tanks 

to withstand 
eet the FMVSS
standard.  Ma
ompressed Na
more stringen
igh temperatu
ts up beyond
ore pressure 
 it allows the
ssure rise and
re may actua
higher pressu
th the pressu
ent temperatu

by license from Pike 

32 

the majority 
010. 

ound $1,000 
the system w

CO’s FuelMak
a $2,000 fed
ances in both

efueling is ulti

and kept at a
n the liquid st
quids).  Due 
id, the LNG m

quefied either

ally set up to 
However, man
NG station is 
1,000,000 for
quipment, acc

al gas is unsa
, “some of m

bomb.”  This r
evelopment o
ng nozzle tech
tionally, since
nted into the a

crashes (and
S 304 (49 CF

any OEMs ins
atural Gas Ve
nt than FMVS
ure pressure 
d its threshol
than their rat

e pressure in
d fall togethe
lly be higher 
ure than the 3
ure.  After the
ure, the press

Research LLC and m

of FuelMake

(not includin
was selling fo
ker is likely to
deral tax cred
h the United S
mately requir

a temperature
tate, it can be
to the extrem
may be trucke
r on site (whic

serve fleet c
ny stations ar
substantially 

r equipment 
cording to the 

afe because 
my staff won’t 

reputation ori
of new storag
hnology, the 

e natural gas 
air.   

d even small-
FR 571.304 –
stall tanks tha
ehicle Fuel C

SS 304.  The 
release valv

ld.  Additiona
ting indicates
n the tank to 
er, so while ta
in hotter clim
3600 psi beca
e fill is compl
sure also falls

Natura

may not otherwise be 

er’s assets, a

ng installation
or between $
o retail for be
it in the Unite
States and Eu
red to make N

e of -259F in
e pumped in a
mely cold tem
ed or shipped
ch is very exp

customers onl
re set up to o

higher than t
only, compa
Idaho Nation

it is containe
drive it [an N
iginated from 
e tank techno
danger of exp
is lighter tha

-caliber bullet
– Compressed
at meet ANSI/
Containers, w

tanks also h
ves that relea
ally, the tank
s.  This safety

rise as the 
nks are supp
ates.  It also 
ause as the t
lete and the t
s to the desire

al Gas Vehi

accessed or used, w

and plans to 

n); however, a
$3,500 and $
etween $4,00
ed States.  De
urope, many 
NGVs appeal

n order to rem
a manner sim

mperatures req
d to the statio
pensive) or n

ly, largely bec
ffer both CNG
that of a trad
red to $50,0

nal Laboratory

ed in high-pre
NGV] because

poor tank de
ology, new ve
plosion from N
an air, it dissi

ts).  All CNG 
d Natural Gas
/CSA NGV2, 
hich is an up

have several s
ase the natura
ks are design
y feature fulfil
temperature 

posed to be fil
allows the tan
tanks are fille
temperature 
ed 3600 psi. 

 
icles 

without the 

begin 

at the 
$4,000 
0 and 
espite 
in the 
ling to 

main in 
milar to 
quired 
on.  In 
nearby 

cause 
G and 
itional 

000 to 
y. 

essure 
e they 
esigns 
enting 
NGVs 
ipates 

tanks 
s Fuel 
Basic 

pdated 
safety 
al gas 
ned to 
ls two 
rises; 

lled to 
nks to 

ed, the 
in the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

search LLC.  
rved. This publication
permission of Pike Re

There a

 All st

 Meta
tanks

 Meta
weig

 A ha
the w

All tank 

While LN
tanks, th
addition
methane
-160C. 

 may be used only as
esearch LLC. 

re four types 

teel or alumin

al tanks with a
s – This desig

al tanks with a
ht further for 

rd plastic tan
weight even fu

styles have to

NG storage t
hey are doubl
, LNG tanks 
e that is now 

s expressly permitted 

of CNG tanks

num – These t

a structural fib
gn reduces w

a complete wr
the tank, but 

k with a comp
urther, but is t

o meet the sa

anks do not h
le-walled with
are required
a gas to relie

by license from Pike 

33 

s: 

tanks are hea

berglass or ca
eight, but incr

rap of fibergla
also increase

plete wrap of 
the most expe

afety requirem

have to main
h a vacuum (s
d to have a v
eve pressure 

Research LLC and m

avy, but inexp

arbon fiber re
reases costs.

ass on the ou
es costs. 

fiberglass or
ensive style.

ments. 

tain the same
similar to a the
vent.  As the 
and maintain

Natura

may not otherwise be 

pensive. 

esin on the ou
. 

tside – The w

r carbon fiber 

e pressurized
ermos), maki
 LNG boils, t

n the necessa

al Gas Vehi

accessed or used, w

utside middle 

wrap decrease

– This design

d contents as
ng them heav
the tank emi
ary temperatu

 
icles 

without the 

of the 

es the 

n cuts 

 CNG 
vy.  In 
ts the 

ure  of 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.1 

Table 4.1

Econo
Fuel is 

Vehicle
quickly 

Mainten
similar 

Tax inc
purchas
recover

4.1.1 

4.1.1.1 

search LLC.  
rved. This publication
permission of Pike Re

Market

The ma
environm

1 Dema

omics 
less expensive

e cost is recoup

nance costs ar
or lower 

centives for veh
se reduce the c
ry time 

Econom

Overall, 
driver of
closely. 
their ca
center s

Cost Re

The act
system. 
$50,000
CNG co
those c
accordin
Without 
approxim

 may be used only as
esearch LLC. 

t-Based De

arket for NG
mental benefi

nd Drivers fo

Enviro
Benefi

e Reduce

ped Increas
governm
environ
standar

re NGVs p
with lim
diesel tr

hicle 
cost 

Access 
and spe

mics 

everyone int
f demand for 
 The excepti
rbon footprin

stage (though 

ecovery Ana

ual costs of 
 Some of th

0; HD CNG tru
onversions ma
osts are rec
ng to the DOE

purchase in
mately 3.6 ye

s expressly permitted 

Se
DEMAN

mand 

GVs stems 
its, energy se

or the NGV M

onmental 
ts 

ed GHG emissi

ingly strict 
ment 
mental diesel 

rds 

permitted in citi
ited access for
rucks/buses 

to carpool lane
ecial parking 

terviewed for 
NGVs.  Envi
on involved t
t, for which 
economics is

alysis 

NGVs compa
he HD truck 
uck systems a
ay cost $6,00
overed.  Cu
E; at these le
ncentives fac
ars. 

by license from Pike 

34 

ection 4
ND DRIVE

from four b
ecurity, and th

Market 

Energ
ons Domes

availab

Reduce
on fore

es 
r 

 

es  

this report a
ronmental be
those governm
environmenta
s a close third

ared to tradit
systems with
are typically a

00 to $10,000
rrently, CNG

evels, NG veh
ctored in, the

Research LLC and m

4 
ERS 

basic deman
he availability 

gy Security 
stically 
ble fuel 

es dependency
eign oil 

(Sour

agreed that ec
enefits and en
ment agencie
al benefits an
d). 

tional vehicles
h large capac
about $10,000
0.  Fuel costs 
G is priced ov
hicles quickly
e current cos

Natura

may not otherwise be 

nd drivers: e
of fuel and ve

Availabili
Availability
conversion

y Availability
refueling st

Availability
limitations 
and usage 

 

rce: Pike Resear

conomics is t
nergy security
es that are m
nd energy se

s vary wildly 
city LNG tan
0 less than th
play a huge 
ver a dollar 

y recover thei
st recovery j

al Gas Vehi

accessed or used, w

economic int
ehicles. 

ity 
y of vehicles an
ns 

y of fuel and 
tations 

y of fuel can put
on vehicle rang

rch) 

the most imp
y typically fol

mandated to re
ecurity issues

depending o
ks can cost

hat.  Passeng
role in how q
lower than 

r incremental
just from CN

 
icles 

without the 

terest, 

nd 

t 
ge 

ortant 
lowed 
educe 
s take 

on the 
about 
er car 

quickly 
diesel 
l cost.  
NG is 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 4.2

Metric 

Incrementa

Clean Dies

Federal Ta

Miles Drive

Fuel Econo
Gallons of 
Year 

Metric 
Fuel Costs

Total Fuel 

Savings ov

Cost Recov

4.1.1.2 

4.1.2 

search LLC.  
rved. This publication
permission of Pike Re

While th
NGVs, t

2 Increm

al Cost 

sel Equipment 

ax Incentives 

en/Year 

omy 
Fuel Used per 

s (Oct. 2010) 

Expense/Year 

ver Diesel Cost

very (years) 

This ex
recovere
(QAFMV

Relation

When d
alternati
demand
rising co
transpor
2010 ha

Individu
between
not bee
natural 
most are

Energy

Energy 
Western
(estimat
oversea
of reduc
are also

In oil-ric
for refin
export.  
the sam

 may be used only as
esearch LLC. 

here are some
these have no

mental Cost R

HD Diese

N/A 

$8,500 

$0 

45,000 

4 miles/ga

11,250 

2010 

$3.07/g 

$30,700.0

ts N/A 

 

xample show
ed within two 
V) Tax Credit 

onship Betwe

diesel and ga
ive fuels also 

d can be expe
osts of oil an
rtation fuel.  T
as caused the

als interview
n natural gas 
n as applicab
gas to have 
eas were see

y Security I

security has 
n Europe, NG
tes are that 
as), thereby in
cing imports o
o top of mind f

ch countries li
ning capacity 

Iran, specific
me time that it 

s expressly permitted 

e additional s
ot been includ

Recovery Ex

el Tractor H

$

N

$

4

allon 4

2

$

0  $

$

ws that the in
years with th
purchase inc

een Alternati

asoline pricing
spiked.  The

ected to cont
nd gasoline a
The compara

e economic ar

wed for this r
and diesel h

ble in the pa
the price adv

eing significan

ssues 

different mea
GVs are see
70% of the 

ncreasing ene
of foreign oil 
for fleet mana

ke Iran and V
for gasoline

cally, does no
exports crude

by license from Pike 

35 

avings and co
ded in the exa

xample 

HD CNG Tra

$40,000 

N/A 

$28,000 

45,000 

4 miles/gge 

11,250 

2010 

$1.95/g 

$19,500.00  

$11,200  

1.0 

ncremental c
he current fed
centives.   

tive Fuel Dem

g jumped in 
e relationship 
inue.  In fact

as a major re
atively low co
rgument for N

report often 
has been so 
st year.  How
vantage agai

ntly lower natu

anings depen
n as a tool t
crude oil us

ergy security.
almost alway

agers. 

Venezuela, N
e and increas
ot have refinin
e oil.   

Research LLC and m

osts associat
ample provide

ctor MD C

$12,00

N/A 

$5,000

30,000

13 mil

3,077

2010

$1.95/

$4,500

$2,585

1.4 
(Sour

cost of the f
deral Qualified

mand and Ga

the 1970s a
between incr
, most NGV t

eason to boo
ost for both d
NGVs to beco

point out tha
minimal that 
wever, most 
in soon (in fa
ural gas costs

nding on the 
to reduce th
sed in the U
  In speaking

ys comes up,

GVs serve tw
sing the amo
ng capabilitie

Natura

may not otherwise be 

ted with maint
ed below. 

CNG Truck 

00 

0 

0 

es/gge 

/g 

0.00  

5  

rce: Pike Resear

fuel system 
d Alternative 

as/Diesel Pric

and again in 
reased fuel co
trade organiz

ost the use o
iesel and gas
me a more di

at the differe
the cost adv
also admitted

act, at the tim
s in compariso

region.  In N
e dependenc

United States
g with fleet m
, indicating th

wo purposes: 
ount of crud
s and has to 

al Gas Vehi

accessed or used, w

tenance spec

MD LPG Tr

$10,400 

N/A 

$8,000 

30,000 

11.3 miles/ga

3,540 

 

$1.94/g (bulk

$4,974.36  

$2,110  

1.1 
rch) 

can general
Fuel Motor V

ices 

2008, deman
osts and incre
zations point 
f natural gas
soline in 200
ifficult prospe

ence in fuel 
vantage of fue
d that they e

me of intervie
on to diesel).

North America
ce on import
s is imported
anagers, the 

hat these con

reducing the
e oil availab
import gasol

 
icles 

without the 

cific to 

ruck 

allon 

k) 

lly be 
ehicle 

nd for 
eased 
to the 

s as a 
9 and 

ect.   

costs 
el has 
expect 
ewing, 

a and 
ed oil 
 from 
issue 

ncerns 

e need 
ble for 
line at 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.1.3 

Figure 4.

search LLC.  
rved. This publication
permission of Pike Re

Enviro

Using na
lower th
(petrol), 
CNG/LN

Many in
GHGs, 
can redu
While S
quality b

1 Well-t

Most fle
the corp
two way
fuel is m
particula
emission
keenly a

Fleet m
more en
mileage
There a
calculati
with the
in mid-2

 may be used only as
esearch LLC. 

nmental Be

atural gas as 
heir GHG emi

diesel, and 
NG emissions

 the natural g
and the Germ
uce GHG em

Sweden leads
biomethane fo

to-Wheel Gre

eet managers
porate fleet.  
ys: a reductio
mainly a cost 
arly three sp
n controls ar
aware of the s

anagers are 
nvironmentall
 of the fleet p

are some onli
ions.  In add
 Environment

2009.   

s expressly permitted 

enefits 

a fuel offers 
issions.  CNG
to a lesser 

s and Figure 4

gas industry p
man energy 

missions by up
s in developin
or transportat

eenhouse Ga

s are being g
Fleet manage

on in fuel usa
issue, many 

pecific emiss
re likely the k
selective cata

generally loo
ly friendly.  
provides man
ne tools men
ition, the Nat
tal Defense F

by license from Pike 

36 

benefits to O
G emissions a

extent LPG
4.1 for well-to-

point to biome
agency, DEN
p to 39% ove
ng biomethan
ion fuel. 

as Emissions

(Source: DENA

iven a mand
ers interviewe
ge and a red
recognize th

sions – NOx
key sources 

alytic reduction

oking for eas
Calculating t
agers with qu

ntioned by sp
tional Associa
Fund, launche

Research LLC and m

OEMs who are
are substanti
(please refe

-wheel compa

ethane as an 
NA, found tha
er gasoline an
ne, other area

s for Various

A German Energ

ate to improv
ed for this rep
duction in em
hat less fuel b
x, particulate 

for this focu
n and particu

sy ways to de
the emission
uantitative ev
pecific manag
ation of Flee
ed a new tool

Natura

may not otherwise be 

e increasingly
ially lower tha
er to Figure 
arisons).   

important ste
at mixing just
nd 36% over 
as are workin

s Fuels 

gy Agency Gmb

ve the enviro
port interprete
issions.  Whi

burned means
matter, and

us because fl
late filters.   

emonstrate th
ns of the flee
vidence to atta
gers that prov
t Administrat
l for calculatin

al Gas Vehi

accessed or used, w

y under press
an that of gas
3.1 for deta

ep toward red
t 20% biome
new clean di
ng to develop

bH) 

onmental imp
ed this mand
ile the reduct
s fewer emiss
d carbon.  D
leet manager

hat their fleet
et and the o
ach to their e
vide these typ
ors, in conjun
ng GHG emis

 
icles 

without the 

ure to 
soline 
ils on 

ducing 
ethane 
esels.  
p high 

act of 
date in 
tion of 
sions, 
Diesel 
rs are 

ts are 
overall 
efforts.  
pes of 
nction 
ssions 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.1.4 

4.2 

search LLC.  
rved. This publication
permission of Pike Re

These c
many m
conside
for the j
being a 
or the ve

Vehicle

There a
(primaril
CNG mo
primarily
low dem
because
substan

Global 

The issu
came in
in 1997 
became
contribu
many o
warming

In Europ
been ob
These a

Peak oi
which o
well-kno
supply o
and then
and dies

It is diffi
NGVs; y
prices r
continue
NGVs st

 may be used only as
esearch LLC. 

calculations a
mentioned tha

r vehicles to b
ob and the m
good fit for th
ehicle does n

e Availabilit

are currently 
ly in Italy) fro
odel available
y targeted at c

mand from co
e refueling in
tial behavior 

 Warming a

ue of global w
to much grea
and its enact

e a high-profil
uted to a Nobe
other news a
g and carbon 

pe, emissions
bligated to in
actions have h

l is the conce
il production 

own as globa
of oil is not u
n begin to de
sel prices.   

icult to make 
yet, a move a
ise, peak oil 
e to look to E
till rely on a fo

s expressly permitted 

are not curren
t they do hav
be a tool for c
most cost-effe
he fleet becau
ot provide en

ty 

28 light-duty
om OEMs, co
e in North Am
commercial fl
nsumers.  Co

nfrastructure i
change to ow

and Peak O

warming has
ater focus and
tment in 2005
e film entitled
el Peace Priz
articles and s
emissions in 

s from vehicl
nclude labelin
helped to incr

ern that the E
is on the dec

al warming, it
nlimited.  Ma

ecline within t

the leap to s
away from ga

advocates w
EVs or hydrog
ossil fuel (a lim

by license from Pike 

37 

ntly included 
ve an impact 
completing a j
ective.  From 
use refueling s
nough range t

y models of C
ompared to 68
merica (from G

leets (the one
onsumers in t
is not as rob

wn the vehicle

il Awarenes

s been discus
d acceptance
5 (without the
d An Inconve
ze in 2007 for
speeches, ha
the United St

es have bee
ng that disclo
rease awaren

Earth is runni
cline and can
t is probable
ny peak oil a
he next deca

say that advo
soline aligns 

will likely beco
gen fuel as a 
mited resourc

Research LLC and m

in most flee
on the decis

job, and the t
 that perspec
stations are n
to do the job. 

CNG-powered
8 LPG mode

GM).  In additi
e vehicle avai
the United St
bust as that o
es. 

ss 

ssed for seve
e with the dev
e United State
nient Truth, w
r Al Gore him
ave helped 
tates. 

n limited sinc
oses the emi
ness of global 

ing out of cru
nnot be incre
e that most c
advocates arg
ade, resulting 

ocates of pea
with the goa
ome more vo
 solution rath
ce).   

Natura

may not otherwise be 

et purchasing 
sion.  Fleet m
tool has to be
ctive, the NG
not located in
  

d vehicles av
ls.  Currently
ion, NGVs in 
ilable is a GM
tates are unlik
of gasoline o

eral decades 
velopment of 
es).  In 2006
which won se
self).  These 
increase aw

ce 1999, and
ssions of ve
warming issu

ude oil.  It ref
eased.  While
consumers un
gue that oil pr
in substantia

ak oil theories
ls of peak oil 
ocal.  Note, t
her than NGV

al Gas Vehi

accessed or used, w

decisions, th
managers gen
e both the righ

GV may not e
 convenient p

vailable in E
y, there is onl

North Americ
M cargo van) d
kely to seek N
or diesel, req

now.  Howe
the Kyoto Pro
, Al Gore’s sp

everal awards
events, along

wareness of g

d automakers
hicles since 
ues in that reg

fers to the po
e peak oil is n
nderstand tha
roduction will

ally higher ga

s will help pro
 advocates.  
though, that 

Vs, simply bec

 
icles 

without the 

hough 
nerally 
ht one 
nd up 

places 

urope 
y one 
ca are 
due to 
NGVs 

quiring 

ver, it 
otocol 
peech 
s (and 
g with 
global 

 have 
2005.  
gion. 

oint at 
not as 
at the 
l peak 
soline 

omote 
As oil 
many 
cause 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Figure 4.

4.2.1 

search LLC.  
rved. This publication
permission of Pike Re

2 Peak O
1940-2

T. Boo

T. Boon
success
corporat
founded
During t
natural 
across 
Addition
added to

Pickens
Senate t
S.1408, 
America
purchas
bills in 
compari

Those in
awarene
focus is
lobbying

 may be used only as
esearch LLC. 

Oil Curve, W
2050 

ne Pickens

ne Pickens fo
sfully acquire
te takeovers 

d BP Capital
the same yea
gas for trans
the United S

nally, Clean E
o the national

 is a major 
that will help 
(see Figure

ans Solutions
sed by consu

the Senate
isons of the d

n the NGV ind
ess to the U.S
s on establis
g effort of the 

s expressly permitted 

World Oil Prod

’ Impact on

ounded Mes
ed the then-m
that earned P
 Manageme

ar, Pickens al
sportation.  C
States and C
Energy is ma
l natural gas p

proponent of
promote the 
 4.3 for deta
s” (the NAT
mers and fle
, notably on
ifferent bills a

dustry genera
S. Congress.
shing EV inf
natural gas i

by license from Pike 

38 

duction (Cru

n the U.S. M

a Petroleum 
much-larger 
Pickens the d
nt, an energ
so launched 
Clean Energ
Canada, as w
nufacturing b
pipeline syste

f a new bill 
use of natura
ails).  The bi
T GAS Act), 
ets, as well a
ne authored 
and incentives

ally laud Pick
  However, m

frastructure a
industry appe

Research LLC and m

ude Oil + NGL

(Sourc

Market 

in 1956.  In
Gulf Oil, wh

dubious nickn
gy-oriented in
Clean Energy

gy owns 196
well as two 

biogas from a
em. 

in the U.S. H
al gas as a tra
ill, “New Alte

would prov
as refueling s

by Senator
s). 

ens as the m
many also co
and manufac
ears to have t

Natura

may not otherwise be 

L) and Variou

ce: theoildrum.co

n the 1980s
hich was pa
name of “corp
nvestment fu
y, an energy 
natural gas 
large LNG 

a landfill in T

House of Re
ansportation f
ernative Tran
vide tax ince
stations built.
r Harry Reid

major force he
oncede that m
cturing, and 
trailed that of

al Gas Vehi

accessed or used, w

us Forecasts

om) 

, Mesa Petro
art of a seri
porate raider

und firm, in 
firm that prod
refueling sta

production p
Texas that is 

epresentatives
uel, H.R. 183
sportation to
entives for N
. There are s
d (Table 4.4

lping to bring
much of the c

the congres
f coal, nuclea

 
icles 

without the 

s:  

oleum 
es of 
.”  He 
1996.  
duces 
ations 
plants.  
being 

s and 
35 and 
 Give 
NGVs 
similar 
4 has 

g NGV 
urrent 
sional 
r, and 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.3 

4.3.1 

4.3.1.1 

search LLC.  
rved. This publication
permission of Pike Re

EV supp

Govern

Governm
the Env
to limit 
from die
Protoco

Addition
required
Resourc
These c

United

CAFE S

The Na
standard
NHTSA 

“First 
consu

The CA
when Pr
Included
separate
average
2007 to 
with a c
rules fo
requirem
by 2016

As part 
in CO2 g
limiting 
addition
model y

 may be used only as
esearch LLC. 

porters.   

nment Emis

ments across
ironmental Pr
the levels of 
esel engines
l, which has h

nally, upfitters
d to have the
ces Board (to
certifications v

 States 

Standards 

ational Highw
ds for vehicle
established t

t enacted by
umption by in

AFE regulation
resident Obam
d in the new 
e fuel econom

e), there is al
2010 model 

combined ave
r 2012 throu

ments in April
6.   

of the new re
grams/mile.  F
CO2 emission
al emissions 

year 2012 brin

s expressly permitted 

ssions Regu

s the globe ha
rotection Age
nitrogen oxi

.  In other p
helped to dev

s converting d
 vehicles cer

o sell in Calif
vary from cou

way Traffic S
es sold in th
the Corporate

y Congress i
creasing the 

ns have chan
ma requested
CAFE stand

my standards
lso a combin
year rules st

erage fuel ec
ugh 2016, wh
 2010 that ra

equirements, O
Fourteen state
ns from vehic
equipment o

ng the nationa

by license from Pike 

39 

ulations 

ave begun to 
ency (EPA) an
de (NOx) an

parts of the w
velop emission

diesel and ga
rtified for use
fornia), Envir
ntry to countr

Safety Admin
he United Sta
e Average Fue

in 1975, the 
fuel economy

nged substan
d that the rule
dard is a foot
s for cars (30
ned light-duty
tood at 27.5 

conomy of 22
hich resulted 

aised the fuel 

OEMs have n
es including C

cles through t
n vehicles so

al policy in line

Research LLC and m

regulate emi
nd Environme

nd particulate 
world, govern
ns and polluti

asoline engine
e on the road
ronment Can
ry. 

nistration (NH
ates.  Follow
el Economy (

purpose of 
y of cars and 

ntially since 1
es be updated
tprint-based a
.2 mpg avera

y fuel econom
mpg for cars

2.2 mpg.  Pre
 in the NHT
economy for

new limitation
California and
the Clean Air 
old in these s
e with these s

Natura

may not otherwise be 

issions.  In N
ent Canada h
matter that 

nments have
ion targets. 

es to run on C
d by the EPA
ada, and the

HTSA) sets 
wing the 1973
(CAFE) regula

CAFE is to
light trucks.” 

–

975, includin
d for model y
approach.  W
age) and ligh
my average o
s and 19.1 m
esident Obam

TSA and the 
r light duty ve

ns on GHG em
d the District o
Act, requiring
tates; the new
states.   

al Gas Vehi

accessed or used, w

orth America
have enacted
can be exha

e joined the 

CNG and LN
A, the Californ
e European U

the fuel eco
3 oil embargo
ations.   

o reduce ene
 

– NHTSA web

g in January 
year 2011 veh
While there ar

t trucks (24.1
of 27.3 mpg. 

mpg for light tr
ma also requ
EPA issuing

ehicles to 35.5

missions mea
of Columbia b
g OEMs to pr
w requiremen

 
icles 

without the 

, both 
d rules 
austed 
Kyoto 

G are 
nia Air 
Union.  

onomy 
o, the 

ergy 

bsite 

2009 
hicles.  
re still 
1 mpg 

 The 
rucks, 

uested 
g new 
5 mpg 

asured 
began 
rovide 
nts for 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 4.3

4.3.1.2 

search LLC.  
rved. This publication
permission of Pike Re

3 Corpo

Segment 
Passenger ca

Light trucks  

Combined Ca
Trucks  

Specialt
sold few
Alternat
calculate
essence

NGVs a
tradition
to be e
econom
is treate
the vehi
CAFE ru
achievin

EPA Re

In addit
from ve
particula
by 2010
have em

 Parti

 Nitro

 Non-

To mee
Selectiv
reduces

The EPA
diesel (1
were no
2006; m

 may be used only as
esearch LLC. 

orate Averag

ars  

CO2 e

C

CO2 e

C

ars & 

CO2 e

C

ty manufactu
wer than 400
ive Standard
ed using 125
e, allowing the

are included in
nal vehicles.  O
qual to 0.82

my for the vehi
ed as though 
icle is then d
ules (e.g., if it
ng 233.3 mpg

egulations 

ion to new C
ehicles.  It pa
ate matter (so
0.  All new hea
missions that d

culate matter

ogen oxide: 0.

-methane hyd

t these requi
ve Catalytic R
s particulates 

A also had to
15 parts per m
ot uniformly re

mandated com

s expressly permitted 

e Fuel Econo

Units 2
CO2, g/mi 

equiv. mpg 

CAFE mpg 2

CO2, g/mi 

equiv. mpg 

CAFE mpg 2

CO2, g/mi 

equiv. mpg 

CAFE mpg 2

rers (such as
0,000 vehicle
ds (TLAAS), w
5% “of the ve
em more time

n the CAFE r
One hundred
3 gallon equ
icle.  As an al
it contains 0.

divided by 0.1
t is calculated
 under the CA

CAFE standar
assed new r
oot) from dies
avy-duty dies
do not exceed

r: 0.01 gram p

20 g/bhp-hr

drocarbons (N

rements, OE
Reduction, th
from engine e

o institute new
million, down
equired to sw

mpliance varie

by license from Pike 

40 

omy Regulat

2010 2011 
  

  

27.5 30.2 

  

  

23.5 24.1 

  

  

22.2 27.3 

s BMW) or s
s in 2009 w
which allow 
ehicle’s other
e to bring thei

regulations, th
 cubic feet of

uivalent of ga
lternative fuel
.15 gallons of
15, with a net
d that the veh
AFE calculatio

rds, the EPA
rules in 2000
sel exhaust to
sel engines, re
d: 

per brake hors

NMHC): 0.14 g

Ms are force
hat reduce N
emissions.   

w regulations 
 from 500 pp

witch to the ne
ed by geograp

Research LLC and m

tions, United

2012 2013
263 256

33.8 34.7

33.3 34.2

346 337

25.7 26.4

25.4 26

295 286

30.1 31.1

29.7 30.5

small manufa
will receive Te

25,000 vehic
rwise applica
r fleet into co

hough the cal
f gaseous fue
asoline.  This
l vehicle, the 
f fuel.  This m
t result that i

hicle achieves
on). 

A has been w
0 for diesel e
o be reduced 
egardless of w

sepower-hou

g/bhp-hr 

ed to include 
NOx emission

on the amou
pm before Jun
ew ultralow-s
phy and size 

Natura

may not otherwise be 

d States:  201

2014 201
247 23

36 37.

34.9 36.2

326 312

27.3 28.

26.6 27.

276 26

32.2 33.

31.3 32.

(Source: EP

cturers (such
emporary Lea
cles per yea
able foot-print
ompliance with

lculation is di
els (such as C
s calculation 
gallon equiva

means that th
s highly favo

s 35 mpg, it w

working to lim
engines that 
by 95% and 

weight catego

r (g/bhp-hr) 

expensive ca
ns and a pa

unt of sulfur in
ne 1, 2006). 
sulfur diesel (
of refiner.  Ho

al Gas Vehi

accessed or used, w

10-2016 

5 2016 
6 225 

7 39.5 

2 37.8 

2 298 

5 29.8 

5 28.8 

3 250 

8 35.5 

6 34.1 

PA) 

h as Porsche
ad-time Allow
r until 2015 
t target level
h the regulatio

fferent from t
CNG) is consi

provides the
alent of natura
he fuel econo
orable accord
would be treat

mit GHG emis
require NOx

90%, respec
ory, are requi

atalytic conve
articulate filte

ncluded in hig
 However, re

(ULSD) on Ju
owever, all re

 
icles 

without the 

e) that 
wance 
to be 
” – in 
ons.   

that of 
dered 
e fuel 
al gas 

omy of 
ing to 
ted as 

ssions 
x and 

ctively, 
red to 

erters, 
r that 

ghway 
efiners 
une 1, 
efiners 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 4.4

 
Fuel Econom

Emissions 

4.3.1.3 

search LLC.  
rved. This publication
permission of Pike Re

were req

In the fa
buses.  
NGV. 

4 Propo

my P
g
g
o

P
1
C
c

NGVs m
be very 
certificat
to be ce
recertifie
model y

CARB C

In additi
receive 

In 2006
GHG lev

 By 2

 By 2

NG truc
that the 
the 2020

CARB i
emission

 Dies
PM e

 may be used only as
esearch LLC. 

quired to swit

all of 2010, t
While these 

osed EPA Tru

Combinatio
Phase in to 201
al/1,000 ton m
al/1,000 ton m
n cab type and

Phase in to 201
17g CO2/ton-m

CO2/ton-mile de
ab type and we

must be certifi
expensive an
tion process 
ertified for ea
ed for 2009, 
years).   

Certification 

on to EPA ru
an additional 

, Assembly B
vels: 

020, GHG lev

050, GHG lev

ks are an imp
state will ha

0 levels. 

s limiting the
ns: 

el PM emissi
emission tota

s expressly permitted 

tch to ULSD b

the EPA ann
are not yet r

uck Fuel Eco

on Tractors 
7 limits of 11.4
iles and 6.3 
iles depending

d weight class

7 limits of 
mile and 64g 
epending on 
eight class 

ied by the EP
nd quite onero
was too diffic
ch model yea
though the

n 

ules, OEMs an
certification f

Bill (AB) 32 w

vels are reduc

vels are reduc

portant part of
ve to have su

e emissions 

ion total for a
al on January 

by license from Pike 

41 

by December 

nounced som
requirements

onomy and E

M/HD P
4 

g 

10% consu
in gas vehi

15% consu
in diesel ve

12% GHG 
vehicles; 

17% GHG 
vehicles 

PA to be used
ous.  Many in
cult and too e
ar (e.g., a Ch
engine may 

nd upfitters th
from the Calif

was signed in

ced to 1990 le

ced to 80% b

f meeting the
ubstantial inv

from transit f

a transit agen
1, 2005 or e

Research LLC and m

31, 2009. 

me potential n
, it appears t

Emissions Re

Pickups/Vans
umption reduct
icles; 

umption reduct
ehicles 

reduction in ga

reduction in di

(So

d on the road
nterviewed fo
expensive.  In
hevrolet 5.9L 

have underg

hat wish to se
fornia Air Res

nto law whic

evels 

elow 1990 lev

ese requireme
vestment in z

fleet vehicles

ncy shall be n
equal to 0.01g

Natura

may not otherwise be 

new rules for
that these rul

egulations (O

s Voc
ion 

ion 

33.8 ga
Class 3

20 gal/1
Class 6

10.5 ga
Class 8

as 

esel 

344g CO
3-5 truc

204g CO
6-7 truc

107g CO
8 trucks

urce: NHTSA/EP

.  This certific
r this researc

n this process
V8 certified f

gone no cha

ell their NGVs
sources Board

h requires C

vels 

ents, though m
zero-emission

s (buses), ba

no more than
g/bhp-hr time

al Gas Vehi

accessed or used, w

r M/HD trucks
les would fav

Oct. 2010) 

cational Truc
al/1,000 ton mile
3-5 trucks 

1,000 ton miles
6-7 trucks 

al/1,000 ton mile
8 trucks 

O2/ton-mile for
cks 

O2/ton-mile for
cks 

O2/ton-mile for
s 

PA) 

cation proces
ch felt that the
s, each engin
for 2008 has 
nges betwee

s in California
d (CARB).   

alifornia to re

many acknow
s vehicles to 

ased on tota

n 20% of its 
es the total nu

 
icles 

without the 

s and 
vor an 

cks 
es for 

s for 

es for 

r Class 

r Class 

r Class 

ss can 
e EPA 
ne has 

to be 
en the 

a must 

educe 

wledge 
 meet 

l fleet 

diesel 
umber 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.3.2 

4.3.3 

4.3.4 

4.3.5 

search LLC.  
rved. This publication
permission of Pike Re

of cu

 The 
mode

In many
powered
rule has
vehicles

Canad

Environm
most ca
including
consum
that the 

Latin A

Mexico 
“Hoy no
removin
from Ho
Circula d
means t
conside
fuel.   

In Brazi
in car e
flex-fuel
substan

Europe

As part 
emission
a reduct
the Unit
a role in
on CNG

Similar t
(slightly 
in 2009 
an impa
choices
seen as
vehicles

China 

In 2000,
1995, C
overwhe

 may be used only as
esearch LLC. 

urrent diesel-f

NOx fleet av
el year engine

y cases, the
d buses.  Du
s effectively re
s. 

a 

ment Canada
ses.  Its emis
g new diesel 
ers in Canad
environmenta

America 

City currently
o Circula” (“D
ng cars from t
oy no Circula
days by purc
the program 
ring new tax

l, new emissi
emissions and
 vehicles.  V
tial modificati

e 

of the Kyoto 
ns by 8% by 
tion of 12.5% 
ted Kingdom 
n Germany, a

G fuel.   

to the United 
stricter than 
(Euro V), and

act on non-hy
, EU countrie

s confusing in
s to indicate th

, China introd
China was se
elming deman

s expressly permitted 

fueled active f

verage shall 
es. 

se rules are
ring interview
equired trans

a, the ruling b
ssions and fue

rules that ma
a are also ve
al rules would

y has two pro
Don’t Drive To
the road on o
a restrictions.
hasing a seco
is arguably h
es that enco

ons restrictio
d a 26% redu

Vehicles fuele
ion.  

Protocol, the
2012.  The U
and 21%, res

are relying he
as the country

States, the E
the U.S.’ em
d Euro VI will
ybrid diesel e
es require CO
n the retail en
he level of em

duced its first 
elf-sufficient in
nd for vehicl

by license from Pike 

42 

fleet buses, w

not exceed 2

 forcing tran
wing, we hea
it agencies to

ody for emiss
el economy ru
atch the EPA
ry similar to th
d be similar.  

ograms to lim
oday”) – a p

one day per w
.  Many belie
ond, much le
having the op
urage both e

ons passed in
uction in larg
d by natural 

e European U
United Kingdo
spectively.  T
eavily on EVs
y has rapidly 

EU has placed
issions limits
l follow in 201

engine pricing
O2 emissions
nvironment, a
missions and m

limits on emi
n terms of o
es, oil impor

Research LLC and m

whichever is g

2.4 g/bhp-hr 

nsit agencies 
rd from seve
o purchase C

sions in Cana
ules are simil

A emissions r
hose in the U
 

mit vehicle em
rogram that 

week.  There 
eve that driv
ss expensive

pposite effect 
ethanol and n

n September 2
e vehicle em
gas match th

Union (EU) ha
om and Germ
To achieve thi
s instead of N
built refuelin

d strict limitati
s).  The next s
14.  The Euro
g.  To help co
s be labeled 
and Europe h
make compar

issions using 
il and did no

rts have grow

Natura

may not otherwise be 

greater, and 

or be void o

 to move to
eral bus manu
CNG/LNG bus

ada, follows th
ar to those in

rules.  The ve
United States,

missions: emi
began in 198
are exception

vers are circu
e and likely di

than intende
natural gas a

2009 requirin
missions by 2
hese new req

as committed
many went furt

s dramatic re
NGVs.  Howe
ng stations an

ions on diese
stage in the r
o VI limits are
onsumers ma
on vehicles. 
as been testi
risons easier.

 the Europea
ot import any
wn substantia

al Gas Vehi

accessed or used, w

of 2001 and e

ward natural
ufacturers tha
ses when rep

he United Sta
 the United S

ehicles availa
 so it makes s

ssions testing
89 with the a
ns for NGV d
umventing Ho
rtier vehicle, 

ed.  Mexico is
as a transpor

ng a 35% redu
013 for diese
quirements w

d to reducing 
ther, committ

esult, German
ever, NGVs do
nd offers a su

el engine emis
reduction occ
e expected to
ake more info
 Labeling is 

ing color labe
. 

an standards. 
y; however, d
ally. Consequ

 
icles 

without the 

earlier 

l gas-
at this 
lacing 

ates in 
States, 
able to 
sense 

g and 
aim of 
drivers 
oy no 
which 
s also 
rtation 

uction 
el and 

without 

GHG 
ting to 
ny and 
o play 
ubsidy 

ssions 
curred 
o have 
ormed 

often 
els for 

 Until 
due to 
uently, 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.3.6 

4.3.7 

4.4 

4.4.1 

Table 4.5

Issue 
Extension 
of 
Alternative 
Fuel Tax 
Incentive 
(Internal 
Revenue 
Code (IRC), 
§§ 6426, 

search LLC.  
rved. This publication
permission of Pike Re

fuel eco
JVs) are
to grow 

India 

In 1998
buses in
take effe
market. 
standard
2005, ar
only Del

Japan 

In 2003
diesel e
been re
between

Japan’s 
in 1995,
By 2015

Govern

United

The Un
vehicles
incentive
Alternat
the end 
and perh
legislatio
Senate 
unlikely 
most int

5 Comp

Current law
Current law
provides a 
50 cent tax
incentive fo
CNG (per 
121 cubic 
feet) or LNG
gallon when
used as a 
fuel for 

 may be used only as
esearch LLC. 

onomy is beco
e required to p
to 42.2 mpg b

, India’s Sup
n the country 
ect, the expa
 Meanwhile, 

ds, but trail in
re set to take
lhi and the ten

 

, Japan’s Min
ngines.  Effec

educed greatl
n those of the

fuel econom
, meaning tha
5, vehicles are

nment Ince

 States 

ited States c
s, and other a
es vary for 
ive Fuel Moto
of 2010, unle

haps increase
on in the wor
Ways and M
that these bi

terviewed for 

parison of NA

w 

111th Con
NAT GAS
S. 1408 &
Title I; S. 

w 

x 
or 

G 
n 

Section 10

Extends th
alternative
incentive f
and LNG 
December
2019.  

s expressly permitted 

oming more c
provide fuel e
by 2015.  

preme Court i
had to be co
nsion of the r
India is also 

n terms of the
e effect in 201
n largest citie

nistry of the 
ctive in 2009
ly – to 0.01 

e EU and the U

y standards r
at vehicles mu
e required to 

ntives 

currently prov
alternative fue
light-, mediu

or Vehicle (QA
ess the new l
e the incentiv
rks, as well a
Means Comm
lls will be act
this report ex

AT GAS Act B

ngress 
S Act‐  
& 

3535 

11
Co
NA
Ac
183

01  

he 
e fuel 
for CNG 
until 
r 31, 

Se

Ex
alte
fue
for
LN
De
31 

by license from Pike 

43 

critical within 
economy of th

issued a rulin
nverted to CN
refueling infra
enacting emi
 timeframe.  E
0.  In India, t

es.  

Environment 
, the emission
g/kWh and 0
United States

require that v
ust achieve 15
achieve 18 kp

vides tax ince
el vehicles tha
um-, and hea
AFMV) Tax C
egislation (NA

ves.  There ar
s a bill introd

mittee has m
ted upon in th
xpect some ac

Bills 
1th

ongress 
AT GAS 
ct‐ HR 
35 

K
A
A

ection 101  

tends the 
ernative 
el incentive 
r CNG and 

NG until 
ecember, 

2027.  

N

Research LLC and m

 the country. 
he equivalent 

ng that stated
NG by 2001. 
astructure has
ssions rules t
Euro IV limits
the limits do n

(MOE) deve
ns limits of pa
0.7 g/kWh, re
s, but have co

vehicles reach
5 kilometers 
pl (42.3 mpg 

entives towar
at use at leas
avy-duty veh
Credit.  The in
AT GAS Act)
re currently tw
duced by Sen
made its own
he lame duck
ction to occur

Kerry/Lieberm
American Pow
Act proposal 
Not included  

Natura

may not otherwise be 

  In 2010, Ch
of 35.3 mpg.

d that the en
 While this ru
s resulted in 
that are simila

s, which bega
not apply to t

eloped strict e
articulate ma
espectively.  
ome into effec

h 23% better 
per liter of ga
U.S.).   

rd the purcha
st an 85% me
hicles as par
ncentives are
 is passed, w

wo versions of
nator Harry R
n recommend
k session in th
r relatively qu

man 
wer REID 

S. 3815 
Not 
included 

al Gas Vehi

accessed or used, w

hinese OEMs
  This is sche

ntire fleet of t
uling took lon
growth in the
ar to the Euro

an in Europe d
he entire cou

emissions rul
tter and NOx
Japan’s limi

ct earlier. 

fuel economy
as (35.3 mpg 

ase of NGVs,
ethane mix.  T
rt of the Qu
 all set to exp

which would e
f the NAT GA

Reid; moreove
dations.  It s
he fall of 201
ickly in 2011.

Draft W
Mea

prop
July 

 
Section 5

Extends 
alternativ
incentive
CNG and
until Dec
31, 2011

The cred
be made

 
icles 

without the 

s (and 
eduled 

transit 
ger to 

e NGV 
opean 
during 
untry – 

es for 
x have 
ts fall 

y than 
U.S.).  

, LPG 
These 
alified 
pire at 
extend 
AS Act 
er, the 
seems 
0, but 
 

ays and 
ans 

posal 
2010 
503  

the 
ve fuel 
e for 
d LNG 
cember 
1.  

dit is to 
e 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Issue 
6427)  

Extension of 
Alternative 
Fuel Motor 
Vehicle Tax 
Credit (IRC 
§30B(e))  

Alternative 
Fuel Motor 
Vehicle 
Credit – 
Increased 
Credit 
Values. 
Modifies the 
values of the 
tax credits 
provided for 
qualifying 
natural gas 
vehicles. 
(IRC, 
§30B(e))  

search LLC.  
rved. This publication
permission of Pike Re

Current law
motor 
vehicles.  

 

Credit 
currently 
expired on 
12/31/2009

Income tax
credit for th
purchase o
a qualified 
alternative 
fuel motor 
vehicle.  

Credit 
currently 
expires on 
12/31/2010

Under 
current law
the 
purchaser o
seller of a 
dedicated 
natural gas
vehicle is 
eligible for 
an income 
tax credit:  

Credit is 
50% or 80%
of the 
incrementa
cost of the 
vehicle.  

The 
incrementa
cost caps 
vary 
depending 
on the 
weight 
classificatio
of the 
vehicle.  

Credit 

 may be used only as
esearch LLC. 

w 

111th Con
NAT GAS
S. 1408 &
Title I; S. 

9.  

x 
he 
of 

0.  

Section 10

Extends th
natural ga
credits un
December
2019.  

w 

or 

s 

% 

al 

al 

on 

Section 10

Modificatio
natural ga
tax credits

Makes all 
dedicated 
alternative
vehicles e
for a credi
to 80% of 
increment

Makes spe
fuel, altern
fueled veh
eligible for
credit equ
50% of the
increment

Increases 
light‐duty v
purchase 
credit by 1
(from $5,0
$12,500), 
doubles th
vehicle pu
tax credits

s expressly permitted 

ngress 
S Act‐  
& 

3535 

11
Co
NA
Ac
183

02  

he 
as vehicle 
til 
r 31, 

Se

Ex
nat
veh
cre
De
31

05  

on to the 
as vehicle 
s:  

new 

e fueled 
eligible 
it equal 
the 

tal cost.  

ecific bi‐
native-
hicles 
r a tax 
al to 
e 
tal cost.  

the 
vehicle 
tax 

150% 
000 to 
and 

he 
urchase 
s for all 

Se

Sa
pro
sec
of S

by license from Pike 

44 

1th
ongress 
AT GAS 
ct‐ HR 
35 

K
A
A

ection 102  

tends the 
tural gas 
hicle 
edits until 
ecember 
, 2027.  

S

E
g
c
y

ection 104  

ame as 
ovision in 
ction 105 
S. 1408.  

S

M
th
v
c

D
v
ta
v
c

F
v
th
G
c
b
c
th
le
v
p
th

M
fu
fu
e
c

Research LLC and m

Kerry/Lieberm
American Pow
Act proposal 

Section 4121  

Extends natura
gas vehicle 
credits for 10 
years. 

Section 4121  

Modification to 
he natural gas 

vehicle tax 
credits:  

Doubles the 
vehicle purchas
ax credits for a

vehicle weight 
classes.  

For light‐duty 
vehicles (less 
han 8501 

GVWR), the 
credit would on
be available to 
commercial flee
hat (1) operate
east 10 motor 
vehicles and (2
purchase more
han two NGVs

Makes specific
uel, alternative
ueled vehicles 

eligible for a tax
credit.  

Natura

may not otherwise be 

man 
wer REID 

S. 3815 

al 

Section 
1003  

Makes up
to $3.8 
billion in 
financial 
rebates 
available
qualified 
owners w
purchase
natural g
vehicle b
2013.  

se 
all 

ly 

ets 
e at 

2) 
 

s.  

bi‐
e-

x 

Section 
1003  

Modificat
to the 
natural g
vehicle ta
credits:  

Makes al
new 
dedicated
alternativ
fueled 
vehicles 
eligible fo
a rebate 
equal to 
90% of th
incremen
cost.  

Doubles 
existing 
allowable
vehicle 
incremen
cost limit
for all 
vehicle 
weight 

al Gas Vehi

accessed or used, w

Draft W
Mea

prop
July 

retroactiv
1/1/2010
Congres
not done
prior to 
enactme

p 

e to 

who 
e a 
as 

by 

Section 4

Extends 
natural g
vehicle c
until Dec
31, 2016

tion 

as 
ax 

ll 

d 
ve-

or 

he 
ntal 

the 

e 

ntal 
ts 

Section 4

Modifica
the natur
vehicle t
credits: 

Makes a
dedicate
alternativ
fueled ve
eligible f
credit eq
80% of t
incremen
cost.  

Eliminate
vehicle p
tax credi
vehicles 
weighing
than 850
pounds, 
doubles 
vehicle p
tax credi
other veh
weight c

Modifies

 
icles 

without the 

ays and 
ans 

posal 
2010 
ve to 
0 if 
ss has 
e that 

ent.  

401  

the 
gas 
credits 
cember 
6.  

401  

ation to 
ral gas 
ax 

all new 
ed 
ve-
ehicles 
for a 
qual to 
he 
ntal 

es 
purchase 
its for 

g less 
01 
but 
the 

purchase 
its for all 
hicle 
lasses.  

s the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Issue 

Alternative 
Fuel Motor 
Vehicle – 
Inclusion of 
Bi‐Fuel 
NGVs. 
Modifies the 
definition of a
new qualified
alternative 

search LLC.  
rved. This publication
permission of Pike Re

Current law
values 
range from 
$2,500 to 
$32,000.  

Bi‐ fuel 
vehicles are
not eligible
for the 
credits. 

a 
d 

Not 
available 
today  

 may be used only as
esearch LLC. 

w 

111th Con
NAT GAS
S. 1408 &
Title I; S. 

e 
e 

other weig
classes.  

Section 10

Expands t
definition o
qualified 
alternative
vehicle to 
bi‐fuel, alt
fueled veh
that are ca
operating 

s expressly permitted 

ngress 
S Act‐  
& 

3535 

11
Co
NA
Ac
183

ght 

06  

the 
of 

e- fuel 
include 
ernative-

hicles 
apable of 
on 

Se

Alm
exa
sam
140
106

by license from Pike 

45 

1th
ongress 
AT GAS 
ct‐ HR 
35 

K
A
A
M
d
m
v
in
th
o
C
(2
n
3
b

ection 105  

most 
actly the 
me as S. 
08 Section 
6.  

S

M
fu
fu
e
c

A
v
a

Research LLC and m

Kerry/Lieberm
American Pow
Act proposal 
Modifies the 
definition of a 
mixed-fuel 
vehicle to also 
nclude a vehicl
hat (1) is capab

of operating on 
CNG or LNG an
2) operates on

not more than 
35% petroleum
based fuel. 

Section 4121  

Makes certain b
uel, alternative
ueled vehicles 

eligible for a tax
credit.  

A bi‐fueled 
vehicle is define
as a vehicle tha

Natura

may not otherwise be 

man 
wer REID 

S. 3815 

le 
ble 
 
nd 

n 

‐

classes. 

Modifies 
the 
definition
a mixed-
fuel vehic
to include
vehicle th
(1) is 
capable o
operating
on either
CNG or 
LNG and
(2) 
operates
at least 
75% CNG
or LNG. 

Makes 
them 
eligible fo
75% of th
rebate a 
similar 
sized 
dedicated
NGV wou
receive. 

Makes 
specific b
fuel, 
alternativ
fueled 
vehicles 
eligible fo
a rebate 
equal to 
50% of th
incremen
cost. 

bi‐
e-

x 

ed 
at 

Section 
1001  

A bi‐fuele
vehicle is
defined a
a vehicle
that is 
capable o
operating
for more 

al Gas Vehi

accessed or used, w

Draft W
Mea

prop
July 

 

n of 

cle 
e a 
hat 

of 
g 
r 

d 

 on 

G 

or 
he 

d 
uld 

bi‐

ve-

or 

he 
ntal 

definition
mixed-fu
vehicle t
include a
that (1) i
capable 
operating
CNG or 
and (2) o
on not m
than 35%
petroleum
fuel.  

 

ed 
s 
as 
e 

of 
g 

Not Inclu

 
icles 

without the 

ays and 
ans 

posal 
2010 

n of a 
uel 
o 
a vehicle 
s 
of 
g on 
LNG 
operates 

more 
% 
m‐based 

uded  



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Issue 
fuel motor 
vehicle (IRC,
§30B(e)) to 
include bi‐
fuel vehicles 

search LLC.  
rved. This publication
permission of Pike Re

Current law

 

 

The U.S
called C

“The 
secur
reduc

The Cle
vehicles
program

The Am
also inc
designa
for an a
for altern

In addit
dependi

 

 may be used only as
esearch LLC. 

w 

111th Con
NAT GAS
S. 1408 &
Title I; S. 
natural ga
gasoline o
fuel, but o
such a veh
an operati
range of n
than 200 m
when ope
natural ga

Clarifies th
converted
repowered
is a new v
for the pur
this sectio

S. Office of E
Clean Cities: 

mission of C
rity of the Un
ce the use of 

ean Cities co
s and infrast
ms in cities aro

erican Recov
cludes funding
ted for altern
lternative-fue
native-fuel tra

ion, some sta
ing on whethe

s expressly permitted 

ngress 
S Act‐  
& 

3535 

11
Co
NA
Ac
183

as and 
or diesel 
only if 
hicle has 
ing 
not less 
miles 
rating on 

as.  

hat a 
 or 
d vehicle 
vehicle 
rposes of 

on.  

Energy Effici

Clean Cities is
nited States 
petroleum in 

oalition helps
tructure, and
ound the Unit

very and Rein
g that can be
ative fuels, in

el vehicle prog
ansit buses an

ates offer sta
er each state’

by license from Pike 

46 

1th
ongress 
AT GAS 
ct‐ HR 
35 

K
A
A
is
o
m
m
o
T
ta
o
in
a
m
T
s
fu

ency and Re

s to advance 
by supportin
the transport

Source:

s cities with 
 has been 

ted States thr

nvestment Act
e applied to N
ncluding $300
gram to be ad
nd infrastructu

ate-level ince
’s focus is on 

Research LLC and m

Kerry/Lieberm
American Pow
Act proposal 
s capable of 
operating for 
more than 175 
miles on one ta
of CNG or LNG
To qualify for a 
ax credit of 80%

of the applicabl
ncremental cap
a light-duty NGV
must meet the 
Tier 2/ Bin2 
standard on bo
uels.  

(Sour

enewable En

the energy, 
ng local deci
tation sector.”

: Mission via Cle

programs a
instrumental 

rough grants a

t (ARRA, the 
NGVs: Up to 
0 million for gr
dministered b
ure. 

entives.  Thes
NGVs, PEVs

Natura

may not otherwise be 

man 
wer REID 

S. 3815 

ank 
G. 

% 
e 
p, 
V 

th 

than 175
miles on 
one tank 
CNG or 
LNG.  

The 
maximum
value of t
rebate fo
bi‐fuel 
vehicle is
50% of th
rebate 
amount 
otherwise
provided 
a similar 
size 
dedicated
NGV.  

rce: Pike Resear

nergy has a v

economic, an
isions to ado
”  

ean Cities website

and funding f
in the deve

and expertise

2009 federal
$15 billion o

reen school b
by Clean Citie

se incentives
s, or biofuels. 

al Gas Vehi

accessed or used, w

Draft W
Mea

prop
July 

 

of 

m 
the 

or a 

s 
he 

e 
for 

d 

rch) 

volunteer pro

nd environme
opt practices 

e .” 

for alternativ
elopment of 
e. 

 stimulus pro
of ARRA has 
buses, $300 m
es, and $8.4 

s vary substa

 
icles 

without the 

ays and 
ans 

posal 
2010 

ogram 

ental 
that 

ve-fuel 
NGV 

gram) 
been 

million 
billion 

ntially 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 4.6

PH
Inc
Ala

Ala

Ariz

Ark

Cal

 

Col

Con

Del

Dist

 
Flor

Geo

Haw

Idah

search LLC.  
rved. This publication
permission of Pike Re

6 Vehicl

EV and EV 
centives 
bama 

ska 

zona 

kansas 

ifornia 

orado 

nnecticut 

aware 

trict of Columb

rida 

orgia 

waii 

ho 

 may be used only as
esearch LLC. 

le Incentives

Purch
No curre

No curre

NG, LPG
HOV lan
license 
value of
1% in t
each yea
No curre

Alternativ
Vehicle 
grants a
alternativ
Motor V
provides
refueling
pollution
NGV, LP
to HOV l

75% cos
passeng
medium-
conversi

No curre

Alternativ
and fede

bia Vehicles
are exem
on an or

Vehicles
are elig
registrati
No curre

10% AF
credit, u
LPG). 
No curre

Alternativ

s expressly permitted 

s by State 

Li
hase/Conver
ent state-level i

ent state-level i

G, and H2 vehic
nes, and a re
taxes by red

f the vehicle fr
the year of p
ar thereafter. 
ent state-level i

ve and Ren
Technology 

and loans to in
ve and renewa

Vehicle Registr
s grant fundi
g infrastructure
. 

PG, and H2 ve
lanes. 

st rebate (no 
ger vehicle, l
-duty truck
ons. 

ent state-level i

ve fuel tax e
eral fleets. 
s with at least 
mpt from the e
iginal certificate

s with at least 
gible for a 
ion fee of $36 f

ent state-level i

FV purchase/c
up to $2,500 (

ent state-level i

ve fuel tax e

by license from Pike 

47 

ght-Duty Veh
rsions Incent
ncentives. 

ncentives. 

cles have acce
eduction in an
ducing asses
rom 60% MSR
urchase, and 

ncentives. 

ewable Fuel 
Program pro

ncrease the u
able fuels. 
ration Fee pro
ng for AFV 

e that reduce

hicles have ac

cap) for ligh
ight-duty truc
 natural 

ncentives. 

exemption for 

40 mpg city r
excise tax imp
e of title. 

40 mpg city r
reduced ve

for two years.
ncentives. 

onversion cos
(includes NGV

ncentives. 

exemption for 

Research LLC and m

hicle 
tives

 

Condu
feasib
state.

ess to 
nnual 
sable 

RP to 
15% 

75% o
must 
district

 

and 
ovides 
se of 

ogram 
and 

es air 

Low 
Progra
to rep
those 
matter

ccess  

ht-duty 
ck, or 

gas 

55% c
year c
passe
truck, 
natura
and m
Conne
provid
fleets f
Conne
Progra
for rei
schoo
to run 

state  

rating 
posed 

 

rating 
ehicle 

 

 

st tax 
V and 

 

 

state  

Natura

may not otherwise be 

Commerc
Conversio

ucting an ana
ility of using 

of state and mu
be AFVs; 50
ts’ fleets must 

Emission S
am provides g
place school 

that reduce
r by 85%; NGV

cost rebate ($3
cap) for light-du
enger vehicle, l

or medium-du
al gas conversi

municipal fleets
ecticut Clean F
es funding to
for AFVs; 

ecticut Clean 
am provides g
mbursing retro
l buses (fundin
out Septembe

al Gas Vehi

accessed or used, w

cial Vehicle 
n/Purchase 
Incentives

alysis on the 
CNG in the 

unicipal fleets 
0% of school 
be AFVs. 

School Bus 
grant funding 

buses with 
e particulate 
Vs qualify. 

350,000 per 
uty 
ight-duty 
ty truck 
ons for state 
. 
Fuel program 

o government 

School Bus 
grant funding 
ofit of existing 
ng scheduled 
r 2010). 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

PH
Inc

Illin

Indi

Iow

Kan

Ken

Lou

Mai

Mar

Mas

Mic

Min

Mis

Mis

Mon

Neb

Nev

New

search LLC.  
rved. This publication
permission of Pike Re

EV and EV 
centives 

ois 

iana 

wa 

nsas 

ntucky 

uisiana 

ine 

ryland 

ssachusetts 

chigan 

nnesota 

ssissippi 

ssouri 

ntana 

braska 

vada 

w Hampshire 

 may be used only as
esearch LLC. 

Purch
and fede

Tax reb
cost of p
and 80%
AFV con

Grants o
alternativ
currently

No curre

40% co
vehicles
MD; and
No curre

50% tax
(NGV, L
$3,000 fo

Reduced
and H2. 
No curre

No curre

No curre

No curre

No curre

20% tax 
infrastruc
ethanol, 
$500 cre

No curre

Reduced
LPG. 
No curre

s expressly permitted 

Li
hase/Conver
eral fleets. 

ate for 80% 
purchasing an 
% of the cost o
nversions (up to

of up to $20,00
ve fuel statio
y allocated for t

ent state-level i

onversion cost
: up to $2,400

d $40,000 for H
ent state-level i

x credit for c
PG, H2); 10% c
or new AFV pu

d state fuel ta

ent state-level i

ent state-level i

ent state-level i

ent state-level i

ent state-level i

credit for insta
cture ($20,00
NG, LPG, H2.

edit for convers

ent state-level i

d fuel taxes o

ent state-level i

by license from Pike 

48 

ght-Duty Veh
rsions Incent

of the increm
AFV (up to $4
of federally ce
o $4,000). 

00 for installati
ns (funds are
this program).

ncentives. 

t for biogas-f
0 for LD; $4,00
D vehicles. 
ncentives. 

conversion to 
cost tax credit 

urchase. 

axes on NG, 

ncentives. 

ncentives. 

ncentives. 

ncentives. 

ncentives. 

alling AFV refu
00 cap), inc

sion to AFV. 

ncentives. 

on CNG, LNG,

ncentives. 

Research LLC and m

hicle 
tives

mental 
4,000) 
rtified 

Illinois
provid
reimbu
schoo

ion of 
e not 

$2,000
purcha
each 
availab
towns,
corpor
AFVs 
conver
 

fueled 
00 for 

 

 

AFV 
up to 

 

LPG,  

 

 

 

75% o
achiev
July 1,

ueling 
cludes 

 

$1,000
10K p
AFV.
Alterna
issued
carryin
and 
munici

, and  

State 
compe
reimbu
advan
and 
infrast
nonatt
areas.

Natura

may not otherwise be 

Commerc
Conversio

s Clean School 
es grant 
ursing the retro
l buses. 

0 grants for ea
ased and up t

AFV conv
ble to coun
, townships, 
rations to pur

and for the 
rsions. 

of state fleets
ve 40 mpg (
, 2014. 

0 credit for v
pounds GVW 

ative Fuel 
d for buses 
ng more than 7

operating
ipalities. 

and Clean Ci
etitive funding 
ursement basi
ced technolo

alternative
tructure in
tainment or 
 

al Gas Vehi

accessed or used, w

cial Vehicle 
n/Purchase 
Incentives

Bus program 
funding for 

ofit of existing 

ch OEM AFV 
to $2,000 for 
version are 
nties, cities, 

or school 
rchase OEM 
cost of AFV 

s required to 
(highway) by 

vehicles over 
converted to 

Tax refund 
capable of 

7 passengers 
g within 

ities provides 
 on a cost-
is for AFVs, 

ogy vehicles, 
e fueling 
n ozone 
maintenance 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

PH
Inc
New

New

New

Nor

Nor

Ohi

Okl

Ore

Pen
Rho
Sou

Sou
Ten

search LLC.  
rved. This publication
permission of Pike Re

EV and EV 
centives 
w Jersey 

w Mexico 

w York 

rth Carolina 

rth Dakota 

io 

ahoma 

egon 

nnsylvania 
ode Island 
uth Carolina 

uth Dakota 
nnessee 

 may be used only as
esearch LLC. 

Purch
NG, LPG
HOV lan

No curre

Tax cre
infrastruc
2010). 

 

Tax cred
wages a
years; 0.
No curre

50% of c
credit or 
10% of t
the incre
be deter
as long 
previous
Tax cre
infrastruc
credit f
system. 
$1,500 t
$750 tax
No curre
No curre
State inc
the feder
and alter
No curre
No curre

s expressly permitted 

Li
hase/Conver
G, and H2 vehic
nes. 

ent state-level i

edit for 50% 
cture installatio

dit to biogas p
and salaries p
.5% in fourth a

ent state-level i

conversion cos
r 50% of increm
total vehicle co

emental cost of
rmined or when

as a tax cre
sly issued for th
edit of up to 
cture for NG, L
for residentia

tax credit for 
x credit for conv
ent state-level i
ent state-level i
come tax cred
ral fuel cell, hy
rnative fuel veh

ent state-level i
ent state-level i

by license from Pike 

49 

ght-Duty Veh
rsions Incent
cles have acce

ncentives. 

of alternative
on (expires Dec

producers for 1
paid for first 
nd fifth year. 
ncentives. 

t to AFV incom
mental cost of 
ost, up to $1,5
f a new AFV ca
n an AFV is re
edit has not 

he vehicle. 
75% on refu

LPG, and H2.  $2
al CNG refu

purchase of 
verting to AFV.
ncentives. 
ncentives. 

dit equal to 20
brid electric ve
hicle credits. 
ncentives. 
ncentives. 

Research LLC and m

hicle 
tives
ess to Rebate

govern
for LD
$7,000
14,000
HEV/P
rebate
heavy-
 

e fuel 
c. 31, 

New 
Alterna
Progra
and 
operat
City 
advan
Funds
compe
the 
purcha
and up
cost 
conver
duty A
Diesel
for 
infrast

1% of 
three 

 

Schoo
provid
reimbu
schoo

me tax 
AFV; 

500, if 
annot 
esold, 
been 

ueling 
2,500 
ueling 

 

AFV; 
. 

 

 
 

0% of 
ehicle, 

 

 
 

Natura

may not otherwise be 

Commerc
Conversio

e for AFV 
nment fleets of
D (<8,500 po
0 for medium-
0 pounds
PHEV/BEV pu
e of up to 
-duty (>14,000

York City P
ative Fuel/Ele
am helps privat

non-profit 
ting vehicles i

to acquire 
ced technolo

s are awar
etitive basis for

incremental 
asing new ligh
p to 80% of the
for purchasin
rting medium-

AFVs. 
l emission red

AFVs and
tructure. 

ol Bus Retro
es grant 
ursing retrofit 
l buses. 

al Gas Vehi

accessed or used, w

cial Vehicle 
n/Purchase 
Incentives

purchase to 
f up to $4,000 
ounds GVW), 
-duty (8,500-
s GVW) 
urchase; tax 
$12,000 for 

0 lbs GVW).  

Private Fleet 
ectric Vehicle 
te companies 
organizations 
in New York 

AFV and 
ogy vehicles. 
ded on a 
r up to 50% of 

cost of 
ht-duty AFVs, 
e incremental 
ng new or 
- and heavy-

uction grants 
d refueling 

ofit program 
funding for 

of existing 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

PH
Inc
Tex

Uta

 

Ver

Virg

Wa

We

Wis

Wy

4.4.2 

4.4.3 

4.4.4 

search LLC.  
rved. This publication
permission of Pike Re

EV and EV 
centives 
xas 

ah 

rmont 

ginia 

shington 

st Virginia 

sconsin 

oming 

Canad

Canada
United S
in 2008 
Gas Ve
trucks/b

Europe

In many
than for
diesel a
Addition
stronger

Japan 

The Jap
price.  I

 may be used only as
esearch LLC. 

Purch
 

35% of 
cap) for 

$750 cre
quality a
NG, LPG
HOV lan
Clean 
provides
NG refue
NG, LPG
HOV lan
Sales t
waived o
H2 vehicl
No curre

 

No curre

(Source: NG

a 

 currently ha
States, Canad

and 2009 an
ehicle Allianc
uses in cities

e 

y countries in 
r diesel or ga
nd gasoline, 

nally, infrastru
r network of s

 

panese nation
n addition, J

s expressly permitted 

Li
hase/Conver

vehicle purch
OEM CNG veh

edit for all other
nd fuel econom

G, and H2 vehic
nes. 

Energy De
s funding for N
eling infrastruct
G, and H2 vehic
nes. 
tax and emis
on dedicated A
les). 

ent state-level i

ent state-level i

GV America, DO

as the incenti
da previously
nd there has
e (CNGVA) 
 where it mak

Europe, CNG
asoline.  Taxe
which means

ucture costs 
stations.   

nal governme
apanese citie

by license from Pike 

50 

ght-Duty Veh
rsions Incent

hase price ($2
hicles.  

r AFVs that me
my requirement
cles have acce

evelopment 
NGV purchases
ture. 
cles have acce

ssions inspec
AFVs (NG, LPG

ncentives. 

ncentives. 

OE Office of Energ

ive of no tax
y provided tax
 been no pu
is working t

kes sense. 

G is subsidize
es on natural
s vehicle fuel 
for refueling 

ent provides i
es have loca

Research LLC and m

hicle 
tives

Grants
the in
replac
operat
vehicle
qualify
use e
given 
eligible
Incent
replac

2,500 $2,500
fees f
to AFV

eet air 
ts. 

ess to 

 

Fund 
s and 

 

ess to  

ctions 
G, and 

 

Additio
for sc
AFV (i
Taxi fu
fuels.
 

rgy Efficiency & R

x (GST) on n
x incentives f
sh to replace
to develop m

ed, which he
l gas are sub
costs are sub
stations rece

ncentives for
l incentives t

Natura

may not otherwise be 

Commerc
Conversio

s available to f
ncremental co
cement proje
te a fleet of 
es and place 
ying vehicles i
entirely in Tex

calendar y
e). 
tives available
cement with LP
0 in ground t
for purchase o
V.  

onal 10% re
hool bus repla
including CNG
uel tax refund f

Renewable Energ

natural gas fu
for NGVs, tho
e them.  The
more robust 

elps to mainta
bstantially low
bstantially for
eive grants to

r NGVs of 50
that include g

al Gas Vehi

accessed or used, w

cial Vehicle 
n/Purchase 
Incentives

leets to offset 
ost of diesel 
ects (Must 
at least 100 
25 or more 

n service for 
xas during a 
year to be 

e for diesel 
G vehicles. 
transportation 
or conversion 

eimbursement 
acement with 
, LPG). 
for alternative 

rgy) 

uel.  Similar t
ough these ex
e Canadian N

incentives fo

ain lower fuel 
wer than trad
r CNG than o
o help estab

% of the purc
grants to purc

 
icles 

without the 

to the 
xpired 
atural 

or HD 

costs 
itional 

others.  
blish a 

chase 
chase 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

4.4.5 

4.4.6 

search LLC.  
rved. This publication
permission of Pike Re

NGVs.  

Japan’s 
roads.  T
and on g

For HD 
are com
be redu
are com
be reduc

China 

China h
environm
to increa
not clea
program
used as
that are 

Other R

Pakistan
equipme
construc

Cities, p
NGVs.  
from ve
conside
Europea
banned 

 may be used only as
esearch LLC. 

These progra

motor tax inc
The program 
gasoline or LP

vehicles, if t
mpliant with 20

ced by 75% u
mpliant with 20
ced by 50%.  

has a progr
mental projec
ased upfront 

ar whether NG
ms for the purc
s industrial an
built are ofte

Regulatory

n is currentl
ent imported
cting refueling

provinces, and
Many of the

ehicle emissio
red to be st
an cities are 
or have to pa

s expressly permitted 

ams vary by c

centive tool is
charges a 10

PG vehicles t

rucks in the 3
015 fuel effic
until 2012.  If
015 fuel effic
 

ram called 
cts.  The CDM

investment r
GVs qualify fo
chase of NGV
nd heating fu
n funded by g

 Incentives

y working to
 to set up 

g stations. 

d states acros
se include th
ons tests, a
trong incentiv
permitted to

ay a substanti

by license from Pike 

51 

city.   

s currently be
0% surcharge
that are 13 ye

3.5-ton GVW
iency standa
f their emissio
iency standa

the Clean D
M program ap
required from
or this progra
Vs at this time
uel rather tha
government p

s 

o promote N
refueling in

ss the globe 
he use of high
nd special p
ves for NGV
o travel in ci
ial fee. 

Research LLC and m

eing used to 
e tax on diese
ears old.   

W class meet 
rds, their ton
ons are 75% 
rds, their ton

Development
ppears to have
m companies

m.  As such, 
e.  Much of th

an transportat
programs. 

NGVs by red
nfrastructure, 

are enacting 
h-occupancy 
parking.  In 
V adoption.  
ity centers w

Natura

may not otherwise be 

remove older
el vehicles tha

2009 emissio
nage and acq
lower than 20
nage and acq

t Mechanism
e backfired to
which limits 
there are no

he natural ga
tion fuel, and

ducing tariffs
helping to 

a variety of o
vehicle lane
the United 
Meanwhile, 

where diesel 

al Gas Vehi

accessed or used, w

r vehicles fro
at are 11 yea

ons standard
quisition taxe
005 standard
quisition taxe

m (CDM) to 
o some degre
interest.  It is

o financial ince
s in China is 

d refueling sta

s on compre
reduce cost

other incentiv
s (HOVs), wa
States, thes
NGVs in se
trucks have 

 
icles 

without the 

m the 
ars old 

s and 
es can 
ds and 
es can 

fund 
ee due 
s also 
entive 
being 
ations 

ession 
ts for 

ves for 
aivers 
e are 
everal 
been 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.1 

5.1.1 

5.1.2 

5.1.3 

search LLC.  
rved. This publication
permission of Pike Re

Origina

Fiat 

Fiat is th
10 bi-fu
Punto 5
automot
month, w
version 
pure gas
of about

Fiat cla
compan
United S
ICEs.  In
coming,
introduc

Ford M

During t
truck, E
the com
currently
(option c

 2.0L 

 5.4L 

 6.8L 

Ford is 
6.8L eng
had yet 
converte
Lincoln 
of its Fo

Genera

GM left 
working 
Impala, 
under th

For the 
and GM
engine, 

 may be used only as
esearch LLC. 

K

al Equipme

he largest ma
uel CNG and
, Punto Ages
tive sales du
with sales in 
of its Siena i
soline, or CN
t 200 per mon

aims to have
ny now plans
States, and w
n the fall of 2
 but this has 

ction is not ex

Motor Co. 

the mid-1990
-Series vans 

mpany partne
y offers an en
code 91G).  T

4-cylinder Tr

8-cylinder F-

8-cylinder F-

expected to s
gines in 2010
to begin shi

ed by upfitte
Town Car, Fo

ocus and CMa

al Motors 

the NGV ma
with upfitters
and the Che

he Opel and C

2011 model 
MC Savana ful

and then shi

s expressly permitted 

Se
KEY INDU

nt Manufac

anufacturer of
 gasoline mo

s, Bravo, IDEA
e to the econ
Europe, Latin
n Brazil, a ve
G.  When lau

nth, but more 

e the lowest 
 to bring its 

will be the lead
2010, Chrysle

yet to be co
pected until 2

0s, Ford Moto
and truck ch

ered with upf
ngine upgrade
This is availab

ransit Connec

Series pickup

Series Super

ship a total o
0.  The Trans
pping as of t
rs without th
ord Focus, a
ax (it also offe

rket in 2004 (
s that offer NG
evrolet Cobalt
Chevrolet bran

year, GM ha
ll-size vans.  
ipped to Prod

by license from Pike 

52 

ection 5
USTRY PL

cturers 

f CNG vehicle
odels: the 50
A, and Qubo
nomy), Fiat w

n America, an
ehicle capable
unched in 200
than 7,000 w

CO2 emissio
technology f

d for Chrysler
er began to in
nfirmed; no p

2012 or 2013 

or Co. provid
hassis, as we
fitters to pro
e to prep the 
ble for: 

ct Taxi 

p, E-Series va

r Duty, E-Seri

of approximat
sit Connect T
this report’s 

he engine pr
nd Ford Fusi

ers a bi-fuel F

(it sold pickup
GV conversio
t.  In Europe 
nds.   

as begun sell
The vans will
ductive Conce

Research LLC and m

5 
LAYERS 

es in Europe.
00, Grande P
.  In 2007 an
was selling a
nd India.  Fiat 
e of running 
07, the vehicl
were sold with

ons of any 
for small gas
r in developin
ndicate that a 
particular mod
at the earlies

ed natural ga
ell as its Crow
ovide an OEM

vehicle for co

an   

es van   

tely 3,500 to 
axi will be av
publication.  

rep package,
on.  In Europ

Focus Wagon 

ps and vans).
ons for its pic
and Latin Am

ing CNG ver
l be manufact
epts Internat

Natura

may not otherwise be 

.  In 2010, the
Punto, Doblo
nd 2008 (prior
almost 5,000 

is currently s
on 100% alc
e was expect

hin the first ye

European m
s ICEs and d
ng small car p

CNG vehicle
del has been
st. 

as versions o
wn Victoria ca
M-approved 
onversion to e

4,000 of the 
vailable by the
Other Ford v
 including th

pe, Ford build
with LPG and

.  Similar to F
ckup trucks, v
merica, GM s

rsions of the 
tured with an
ional in India

al Gas Vehi

accessed or used, w

e company o
o, Multipla, P
r to the collap
CNG vehicle

selling a “tetra
ohol, 25% alc
ted to sell at 

ear alone. 

manufacturer. 
diesel ICEs t
platforms and 
e from Fiat m
 discussed a

of its F-250 p
ar.  More rec
conversion.  
either CNG o

prepped 5.4
e end of 201
vehicles are 

he Crown Vic
ds a bi-fuel ve
d petrol only)

Ford, GM has
vans, the Che
sells CNG ve

Chevrolet Ex
 upgraded 6.0

ana for fuel sy

 
icles 

without the 

ffered 
Panda, 
pse of 
es per 
a-fuel” 
cohol, 
a rate 

 The 
to the 
small 

may be 
nd an 

pickup 
cently, 

Ford 
r LPG 

L and 
0, but 
being 
ctoria, 
ersion 
. 

s been 
evrolet 
hicles 

xpress 
0L V8 
ystem 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.1.4 

5.1.5 

5.1.6 

5.1.7 

5.1.8 

search LLC.  
rved. This publication
permission of Pike Re

installati
products

Honda

Honda 
United S
consum
refueling
custome
a much 
vehicle. 

Many of
their flee
1,000 C

Hyund

Hyunda
are conv
Hyunda
specifica

Hyunda
sells sm
stationa

Merced

In Europ
the end 
United S
that Mer
York ref
into law

Renau

Renault 
provides
Plus CN
market 
markets
which co

Toyota

Toyota 
widely a
the next
Yaris – w

 

 may be used only as
esearch LLC. 

ion before de
s rather than 

 

is the only 
States, the Civ
ers in Califo
g infrastructu
ers in an add
greater exten
  

f those we sp
et over the y
ivic GXs in 20

ai Motor Co

i Motor Co. h
verted version
i is also sellin
ally for taxi se

i provides en
mall industria
ry market.   

des-Benz 

pe, Mercedes
of 2010.  W

States and to
rcedes would
fueling station
. 

lt 

offers a CNG
s CNG versio
NG engines.  
for passenge

s.  However, 
ould easily be

a Motor Cor

offers a few 
anticipated tha
t couple of ye
with LPG and

s expressly permitted 

elivery to the 
available for 

major manu
vic GX.  The 

ornia, Oklaho
re and repair
itional 29 stat
nt than natura

poke with for
years.  Pike R
010. 

o. 

as introduced
ns of its origin

ng CNG vehic
ervice. 

gines to a joi
al CNG engi

s will offer a b
While some ha
o India, the In
d bring the E-
n infrastructu

G version of 
ns of its truck
 The compa

er vehicles, g
Renault does

e converted to

rp. 

models of CN
at Toyota will 
ears.  In Eur

d petrol. 

by license from Pike 

53 

dealer.  GM 
conversion.  

ufacturer tha
vehicle is ma
ma, New Yo
r network.  Th
tes.  Honda h
al gas.  As a r

r this report i
Research is e

d two CNG ve
nal gasoline e
cles in South A

nt venture wit
nes.  These

i-fuel version 
ave speculate
ndia plan has
Class to the U
res are more

its light-duty 
ks that use the
any is not exp
given that its
s offer LPG v
o CNG if the d

NG vehicles 
make an ann
ope, the com

Research LLC and m

is marketing

at currently 
anufactured in
ork, and Utah
he Honda Civ
has pursued H
result, the Civ

ndicate that 
expecting tha

ehicles in Indi
engines and 
America, with

th Westport c
e engines ge

of the 2011 E
ed that this v
s officially bee
United States
e established 

 panel van, t
e Westport C
pected to ma
s strong regio
versions of th
demand prov

in Asia (inclu
nouncement r

mpany offers 

Natura

may not otherwise be 

g these vans 

offers a CN
n Ohio, and is
h – areas w
vic GX is also
HEV and fue
vic GX is its o

they have ha
at Honda will 

ia: the Accent
both are avai
h the Atos an

called Juniper
enerally targe

E-Class with 
vehicle would 
en scrapped. 
s before the C
 and vehicle 

the Kangoo, 
Cummins B Ga
ake a rapid m
onal markets 
he Megane a
ed worthy. 

uding Thailan
regarding a n
two bi-fuel m

al Gas Vehi

accessed or used, w

as complete 

NG vehicle i
s available for

with an estab
o available to
l cell technolo
only available

ad the Civic 
sell approxim

t and Santro. 
ilable only in 
d Accent des

r Engines, Inc
et the forklif

CNG and pet
 be brought t
 It seems un

California and
incentives a

in Europe.  I
as Plus and C

move into the 
 are not big 
nd Scenic, b

nd and India).
ew CNG veh

models – Aygo

 
icles 

without the 

CNG 

n the 
r retail 
lished 
o fleet 
ogy to 

e CNG 

GX in 
mately 

 Both 
Delhi.  

signed 

c. that 
ft and 

trol by 
to the 
nlikely 
d New 
re set 

t also 
C Gas 

CNG 
CNG 

oth of 

.  It is 
icle in 
o and 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.1.9 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

 

search LLC.  
rved. This publication
permission of Pike Re

Volksw

VW curr
EcoFue
is availa
vehicles
Octavia 

Heavy-

Autoca

Autocar 
vocation
purchas

Autocar 
America
400 veh

Capac

Capacity
around 
its truck
certificat

Cumm

Diesel e
formed 
engines
Series t
work in 

Cummin
also the
essentia
several 

Outside 
addition
engine 
develop

Emissi

Emissio
trucks.  
convers
addition
provide 

 

 may be used only as
esearch LLC. 

wagen 

rently sells a 
l van (all bi-fu

able in parts o
s in Europe.  

CNG. 

-Duty Truck

ar 

LLC is an 
nal trucks.  T
sed Autocar fr

competes w
a, and is the s
hicles per yea

ity of Texas

y of Texas i
shipping yard

ks that use the
tion rules.  Th

ins Westpo

engine manuf
a joint ventu
.  The joint ve
hat is certified
M/HD truck a

ns Westport is
e only manufa
ally no comp
retrofitters do

the United S
al competitio
technology. 
 NG engines 

ons Solutio

ns Solutions 
Its engines a
ion services 
, Emission S
CNG version

 

s expressly permitted 

CNG version
uel vehicles) a
of Latin Ame
VW also sells

ks/Buses 

HD truck ma
he company 
rom Volvo Tru

with Mack Tr
sales leader 
r.  However, M

s, Inc. 

is a “yard tru
ds.  The com
e Cummins W
he vehicles ha

ort Inc. 

facturer Cum
re to build C

enture curren
d to meet 201

applications an

s not only the
acturer to bu

petition in No
o compete wit

States, Cumm
on from OEM
 Westport re
for China and

ons Inc. 

Inc. is a gas
are certified a
include all t

Solutions has 
ns for new truc

by license from Pike 

54 

n of its popula
across Europ
rica.  The Pa
s one CNG m

anufacturer f
is a subsidia

ucks in 2001. 

rucks for the
for natural ga
Mack Trucks 

uck” manufa
mpany current
Westport ISL 
ave a GVW o

mins and Ca
CNG, LNG, a
tly offers four
10 EPA and C
nd to work wi

e largest OEM
ild engines fo

orth America 
th Cummins W

mins Westport
s who are ch
ecently forme
d other Asia P

seous fuel en
as meeting 2
tanks and en
partnered w

cks and buse

Research LLC and m

ar Passat wag
pe.  A CNG ve
assat has bee
model under t

focused on r
ary of Grand 

 It has betwe

e lead in the
as refuse truc
holds the lea

cturer, buildi
tly manufactu
G engine to 

of 242,000 po

anadian natur
and HCNG en
r versions of t
CARB rules.  
th CNG, LNG

M of NGV en
or the transit 
from other O

Westport.   

t’s position is 
hoosing to b
ed a joint ve
Pacific marke

ngine manufa
010 EPA and
ngine replace

with Internatio
es. 

Natura

may not otherwise be 

gon, Touran v
ersion of its s
en one of the
the Skoda bra

refuse, yard 
Vehicle Work

een 250 and 3

e refuse truck
cks with sale

ad in refuse tr

ng vehicles 
ures CNG an
meet the 201
unds. 

ral gas engin
ngines based
the engines, i
These engin

G, and biogas

ngines in the 
bus market. 

OEMs for na

no less stron
uild NGVs ba
enture with W

ets. 

acturer and c
d CARB rules
ement for fle
nal Truck an

al Gas Vehi

accessed or used, w

van, and its C
small car, the 
e best-selling 
and in Europ

trucks, and 
ks Holdings, 
300 employee

k market in 
s of approxim

rucks overall. 

that move tr
d LNG versio
10 EPA and C

e builder We
d on the Cum
ncluding the 
es are design

s.   

United State
 Its engines

atural gas, th

ng, though th
ased on thei
Weichai Pow

converter for 
s.  The comp
eet customers
nd Engine Co

 
icles 

without the 

Caddy 
Bora, 
 CNG 
e: the 

other 
which 
es. 

North 
mately 
  

railers 
ons of 
CARB 

estport 
mmins 
ISL G 
ned to 

es, but 
 have 
hough 

here is 
r own 

wer to 

M/HD 
pany’s 
s.  In 

orp. to 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.2.5 

5.2.6 

5.2.7 

5.2.8 

5.2.9 

search LLC.  
rved. This publication
permission of Pike Re

Foton 

Foton is
and Asi
Pakistan

Foton is
one to 
Westpor
compon
funding 
transit b

Foton is
launch i
quickly i

Freight

Freightli
Thomas
the Bus
Cummin

Freightli
cab-and
United S

Gillig 

Gillig is
approxim
Gillig pro
hybrid s
$77.8 m

Iveco 

Iveco re
It is also
end of 2
the com
its Curs
compan

Mack T

Mack Tr
the com
Cabove

Mack Tr
As part 
but now

 may be used only as
esearch LLC. 

s a Chinese b
an markets. 
n market. 

s preparing a 
be tested fo
rt CNG eng

nents and part
requirements

bus orders in t

s also plannin
n the United 
in 2011. 

tliner 

iner is one o
s-Built Buses,
siness Class 
ns Westport e

iner is one of
d-chassis truc
States, with sa

s the second
mately 27% 
oduces LNG 
system for i

million in reven

ecently annou
o manufacturi
2008, Iveco ha

mpany offers it
or 8 CNG en

ny claims prov

Trucks 

rucks is a ma
mpany focuses

r refuse truck

rucks holds t
of the Volvo 

w uses Cummi

s expressly permitted 

bus manufact
 The compan

version of its
r EPA certific

gine.  The C
ts in order to 
s for governm
the U.S. 

ng a CNG b
States has be

of the brand
 and Western
M2 112 in b

engines.   

f the top truc
cks.  Daimler
ales of $24.93

d largest tra
market share
and CNG ver
its hybrid bu
nue. 

unced a CNG
ing CNG bus
ad a fleet of a
ts Stalis CNG
gines.  Iveco

vides its CNG

nufacturer of 
s mainly on d
ks. 

he dominant 
Group, the co
ins Westport 

by license from Pike 

55 

turer that curr
ny is the larg

s CNG bus to 
cation.  This
Chinese-mad
qualify for the
ment purchas

ox truck for 
een delayed 

ds owned by
n Star are oth
both LNG an

k brands (alo
r Trucks Nor
3 billion in 20

ansit bus ma
e with sales 
rsions of its tr
uses. In 200

G version of its
es for a varie
about 5,000 C

G, an HD truc
 trucks use s

G trucks with “

refuse, const
iesel product

market share
ompany previ
ISL G engine

Research LLC and m

rently builds C
gest provider 

 be sold in N
s vehicle will 
e chassis a
e “Buy Ameri
ses.  This w

the U.S. ma
slightly, but is

y Daimler Tr
hers).  Freight
nd CNG vers

ong with Navi
rth America 

009. 

anufacturer i
of approxima

ransit bus and
08, Gillig em

s EcoDaily, a
ety of transit s
CNG buses o
k chassis ofte

stoichiometric
near fuel cell 

truction, and 
ts, it does offe

e in the refus
iously had a 

es for its CNG

Natura

may not otherwise be 

CNG buses f
of CNG bus

orth America
be powered

and body wi
ican” requirem

will allow Foto

rket in 2011 
s expected to

rucks North 
tliner and Dai
sions.  Thes

istar Internati
employs 14,0

in the Unite
ately 1,200 t
d utilizes Allis

mployed 700 

a bi-fuel pane
services arou
perating in E
en used for re

c mixture com
levels” of em

over-the-road
er CNG versi

se truck mark
CNG engine 

G refuse truck

al Gas Vehi

accessed or used, w

for the Middle
ses to the Ka

, and recently
d by the Cum
ill have Ame
ment placed o
on to compe

or 2012.  Fo
o begin rampi

America (Ste
mler currently
e vehicles fe

ional and For
000 people i

ed States, ho
to 1,400 per 
son Transmis

people and

el truck (light-
nd Europe.  A
urope.  In add
efuse trucks, 

mbustion, whic
missions. 

d HD trucks.  
ons of its Ter

ket (close to 
supplied by V
s.   

 
icles 

without the 

e East 
arachi, 

y sent 
mmins 
erican 
on the 
ete for 

oton’s 
ng up 

erling, 
y offer 
eature 

rd) for 
in the 

olding 
year.  

sions’ 
d had 

-duty).  
At the 
dition, 
using 

ch the 

While 
rraPro 

50%).  
Volvo, 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.2.10 

5.2.11 

5.2.12 

5.2.13 

5.2.14 

search LLC.  
rved. This publication
permission of Pike Re

Navista

Emissio
Engine 
versions
2007 EP
up enou
engine. 
market. 
another 

New Fl

New Fly
transit b
manufac
offer bu
compan
a CNG h

New Fly

Volvo 

In 2008
working 
versions

Volvo tr
working 

Westpo

Westpor
compan
duty eng
partners
applicat

The join
engine m
Ltd. (BT
Westpor
manufac

Weicha

Weichai
300,000
engine m
to deve
Power h

 may be used only as
esearch LLC. 

ar/Internati

ns Solutions 
models, thou

s of CNG tru
PA certificatio
ugh credits to
 It has been w
 Whether it 
supplier like 

lyer Bus 

yer is a bus m
buses, includi
cturer in the U
ses powered

nies to explore
hybrid electric

yer Bus emplo

, Volvo disco
with convers

s of its S70 an

rucks are cu
to convert Vo

ort 

rt is a Canadi
nies to provide
gine for Clas
s with OMVL
ions (forklifts,

nt venture wit
market.  Addi
TIC Westport
rt also partne
cture CNG an

ai Power, L

i Power is th
0 HD diesel e
market share 
lop and man

had sales of $

s expressly permitted 

ional Truck

provides a C
ugh there are
ucks at prese
on rules.  Thu
o continue s
working to de
will continue 
Cummins We

manufacturer 
ng hybrid, fu
United States
 by Cummins
e FC-powered
c bus in Califo

oys 2,300 peo

ontinued its C
sion companie
nd V50 for Sw

urrently manu
olvo trucks to

ian manufactu
e engines for
s 8 trucks ba

L SpA of Ita
, etc.). 

th Cummins c
tionally, Wes

t Inc.) to ma
ers with Weic
nd LNG engin

Ltd. 

he world’s lar
engines annu

in China.  In
nufacture natu
$5.29 billion in

by license from Pike 

56 

k and Engin

CNG-converte
e no Navistar/
ent.  The cur
s, Navistar/In
elling diesel 

evelop its own
to work towa

estport for the

in North Ame
el-cell, full el

s to offer natu
s Westport en
d buses.  New
ornia. 

ople and had 

CNG light-duty
es, including 
weden, Switze

ufactured with
 CNG or LNG

urer of natura
r a variety of 
ased on the C
aly to manufa

currently hold
stport has a jo
nufacture an

chai Power, L
nes for China.

rgest produc
ally.  In fact, 
 2008, Weich
ural gas eng
n 2009. 

Research LLC and m

e Corp. 

ed version of
/International 
rrent Navistar
nternational T

engines into
n natural gas 
ard this goal

e engines, is u

erica that offe
ectric, and n
ural gas-powe
ngines.  New
w Flyer is now

revenue of $

y wagons (so
Alternative F

erland, and Ita

h diesel eng
G. 

al gas engine
applications.

Cummins ISX
acture indust

ds the larges
oint venture w
nd sell LNG t
Ltd. (Weichai
. 

cer of diesel 
the compan

hai entered in
ines for the 

Natura

may not otherwise be 

f some Intern
 Truck and E
r trucks have
ruck and Eng

o 2011 witho
engine, but h
, or whether 
unclear. 

ers a variety 
atural gas.  I
ered versions

w Flyer was a
w working wit

961.3 million 

old primarily a
Fuel Vehicles,
aly. 

gines, but se

s.  It has part
  The Westp

X diesel engin
trial CNG en

st market sha
with Beijing Ti
tanks in the 
 Westport Inc

engines, pro
y holds 36% 

nto a joint ven
HD market in

al Gas Vehi

accessed or used, w

national Truc
Engine Corp. 
e all exceede
gine Corp. has
ut changes t

has yet to brin
it will partne

of drivetrains
It was the firs
s, and continu
also one of th
th ISE Corp. t

in 2008. 

as taxis).  Vo
, to produce b

veral upfitter

tnered with se
ort HD is a h
ne.  Westpor
ngines for sm

are in the HD
ianhai Industr
Chinese ma

c.) to develo

oducing more
of the HD v

nture with We
n China.  W

 
icles 

without the 

k and 
OEM 

ed the 
s built 
to the 

ng it to 
er with 

s in its 
st bus 
ues to 
e first 
to test 

olvo is 
bi-fuel 

rs are 

everal 
heavy-
rt also 
maller 

 NGV 
ry Co. 

arkets.  
p and 

e than 
ehicle 

estport 
eichai 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.3 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

search LLC.  
rved. This publication
permission of Pike Re

Key Su

Advanc

Advance
tanks fo
and bus
and Chi

Altech

Altech-E
Ashville
to eithe
dealers 
emission

Altech-E
Ford E-S
about 60

BAF Te

BAF Tec
LNG, an
has bot
converte
The co
Septem
(Clean E

BAF Te
volumes

Baytec

In 2010,
market. 
nationw
engine c
North A
CARB a

The Bo

Bosch is
compan
injectors
pressure
most ma
In additi
Europea

Bosch G
In the U
$8.3 bill

 may be used only as
esearch LLC. 

uppliers/NG

ced Fuels T

ed Fuels Tec
or CNG and L
ses).  While A
na) and Austr

-Eco Corp. 

Eco Corp. is p
, N.C.  Altech
r dedicated o
to deliver the
ns warranty c

Eco has addit
Series van, F
0 people, and

echnologies

chnologies is
nd dual-fuel (
th EPA and 
ed vehicles to
mpany uses
ber 2009, BA
Energy Finan

echnologies is
s of NGV deliv

ch Corp. 

, Landi Renzo
 The Bayte

ide group of 
conversions f
merican mark

and EPA requ

osch Group

s the one of la
ny provides a
s, engine con
e regulators, 
ajor auto man
on, Bosch wo

an, and Chine

Group employ
United States
ion in 2008. 

s expressly permitted 

GV Converte

Technologie

chnologies (A
LNG conversi
AFT largely w
ralia, it has al

 

part of Transe
h-Eco holds E
or bi-fuel CN
e Focus direct
comes from A

ional models 
Ford F-250/35
d  is estimated

s 

 an engine co
(CNG and die
CARB certifi
o the dealer 
s component
AF Technolo
ce already ow

s developing 
veries in the U

o purchased 
ech network 
installers for 

for light-, med
ket.  Its syste

uirements to q

p 

argest (in term
an array of 
ntrol units, b
tank valves, a
nufacturers, i
orks globally 
ese markets.

ys 280,000 pe
s, the compa

by license from Pike 

57 

ers 

es, Pty Ltd.

FT) is an Aus
ons, particula
works on pro
lso worked wi

eco Energy Co
EPA certificat
G.  It is curr
tly to dealers 

Altech-Eco. 

available for 
50, and Trans
d to complete

onverter locat
esel) systems
ication.  BAF
so that the c

ts manufactu
ogies was so
wned $3.8 mil

bi-fuel vehic
United States

Baytech Corp
of installers 
their produc

dium-, and he
ems include C
qualify as LEV

ms of sales) a
components 
i-fuel control 
and more) for
ncluding GM
and produces

eople worldwi
any employs

Research LLC and m

 

stralian comp
arly in the he
ojects in Sout
ith converters

orporation, an
tion for conve
rently working
 and maintain

conversion, i
sit Connect.  A
e 4,000 and 6

ted in Dallas,
s for light-dut
F Technologi
conversion is
ured by Bos
old to Clean 
llion of BAF T

cles for 2011,
s. 

poration as pa
provided La

cts.  Baytech 
eavy-duty GM
CNG, LNG, a
V, ULEV, and 

automotive su
to global a
systems, an

r the NGV ma
, Volkswagen
s bi-fuel com

de and its sa
s approximate

Natura

may not otherwise be 

pany that man
avy-duty veh
theast Asia (
s in Europe a

n NGV station
erting 2010 Fo
g in conjunct
n the Ford ve

including the 
Altech-Eco is 
,500 convers

 Texas.  It pr
ty and heavy
ies works wi
s invisible to 
sch and oth
Energy Fue

Technologies’

, and has so

art of an effo
andi Renzo 
Corp. installs

M, Ford, and I
and LPG, and
SULEV.   

uppliers in th
uto manufac

nd other com
arket.  The co
n, Chrysler, T
ponents for th

les totaled $6
ely 24,000, w

al Gas Vehi

accessed or used, w

nufactures st
icle market (t

(including Tha
nd North Ame

n builder loca
ord Focus ve
tion with Ford

ehicle warrant

2010 Ford Fu
thought to em

ions per year

rovides CNG, 
y-duty vehicle
th Ford to d
the end cust

her suppliers
ls for $8.3 m
’ debt).   

ome of the hi

rt to enter the
with access 

s a wide vari
suzu trucks f
d they meet a

e world.  Whi
cturers, it su
mponents (su
ompany work
Toyota, and o
he Latin Ame

66.4 billion in 
with sales to

 
icles 

without the 

torage 
trucks 
ailand 
erica. 

ated in 
hicles 
d and 
ty; the 

usion, 
mploy 
r. 

 LPG, 
s and 

deliver 
tomer.  
.  In 

million 

ighest 

e U.S. 
to a 

ety of 
for the 
all the 

ile the 
pplies 
ch as 

ks with 
others.  
erican, 

2008.  
otaling 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.3.6 

5.3.7 

5.3.8 

5.3.9 

search LLC.  
rved. This publication
permission of Pike Re

Clean E

Clean E
including
by T. B
America
the natio
Fuels) p
agreed t

Clean E
stations 
strategy
become

FAB In

FAB Ind
with a v
buses.  
systems

FAB Ind
people. 

Fuel Sy

Fuel Sy
including
vehicles
gas refil

In the fa
whether
2010. 

Fuel Sys
refilling 
and hom
FuelMak
the infra

In 2009
employe

GNC G

GNC G
equipme
and nat
compres

 

 may be used only as
esearch LLC. 

Energy Fue

Energy Fuels
g CNG and L
Boone Picken
a. The compa
onal pipeline
provides fina
to purchase B

Energy Fuels 
at no charg

y of giving aw
e one of the m

dustries 

dustries is a t
variety of co
The compan

s for mass tra

dustries had s

ystems Solu

ystems Soluti
g BRC and IM

s to CNG and
ling stations. 

all of 2010, F
r EvoTek had

stems Solutio
system Phill,

me refueling s
ker’s past ex
astructure ma

9, Fuel Syste
ed about 1,76

Galileo 

Galileo is an 
ent for refueli
tural gas tra
ssion manufa

s expressly permitted 

els Corp. 

s is a natura
LNG shipping 
ns and oper

any also has a
.  Additionally
ncing for a v

BAF Technolo

has been one
e to fleet cus
way the stati

most prolific re

tank/storage 
nverters thro
ny focuses it
nsit buses. 

sales of appr

utions, Inc.

ions is a hol
MPCO Techn
d LNG fuels.  

  

uel Systems 
d EPA and CA

ons purchased
, among othe
systems repre
perience poin
rketplace for 

ems Solution
60 people aro

Argentina-ba
ng stations a

ansportation 
acturers, due l

by license from Pike 

58 

al gas compa
and refueling

rates 184 na
a biogas plan
y, Clean Ene
variety of na
ogies (an eng

e of the leadi
stomers so lo
on as a tool

efueling infras

system supp
oughout North
ts marketing 

roximately $3

 

ding compan
ologies, both
Additionally, 

Solutions acq
ARB certifica

d the assets o
er smaller CN
esent very at
nts to a pote
fleets. 

ns’ revenue 
und the world

ased compan
round the wo
equipment.  
largely to Arg

Research LLC and m

any that pro
g stations.  Cl
atural gas re
nt in Texas to
ergy Finance 
atural gas pro
gine converter

ing natural ga
ong as they 
l to sell the 

structure com

plier for LNG, 
h America to
on the desig

3.5 million in 

ny for a few 
 of which pro
BRC provide

quired conve
ations for both

of FuelMaker
NG refilling sy
ttractive elem
ntial strength

totaled $425
d.  

ny that supp
orld, as well a

It has beco
gentina’s large

Natura

may not otherwise be 

ovides infrast
lean Energy F
efueling stati
o develop lan

(a subsidiary
ojects.  In S
r). 

as companies
agree to a fu
fuel has help
panies in the 

CNG, and h
o adapt heav
gn and manu

2009, and e

natural gas 
ovide compon
es some comp

erter EvoTek, 
h Ford and G

r, which manu
ystems.  Flee

ments of the n
h for Fuel Sys

5.3 million, a

plies natural 
s vehicle con
ome one of 
e CNG station

al Gas Vehi

accessed or used, w

ructure for N
Fuels was fou
ons across 
dfill natural g
y of Clean E

September 20

s building refu
uel contract.
ped Clean E
United State

hydrogen.  It w
vy-duty trucks
ufacture of st

mploys rough

refilling supp
ents for conv
ponents for n

LLC.  It is un
GM conversio

ufactured the 
et refilling sys
natural gas m
stems Solutio

and the com

gas compre
nversion equip

the largest 
n network. 

 
icles 

without the 

NGVs, 
unded 
North 
as for 

Energy 
009, it 

ueling 
 This 

Energy 
s. 

works 
s and 
torage 

hly 35 

pliers, 
verting 
natural 

nclear 
ns for 

home 
stems 

market.  
ons in 

mpany 

ession 
pment 
CNG 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.3.10 

5.3.11 

5.3.12 

5.3.13 

5.3.14 

search LLC.  
rved. This publication
permission of Pike Re

Kraus 

Kraus G
LPG, an
the nozz
Kraus G
also ma
America
Kraus G

Landi R

Based 
currently
Mercede
Renzo S

In 2010
access 
certificat

Magne

Magneti
service 
group. 
compon
regulato
OEM Fia

Magneti
(56 prod
presenc
Turkey, 
Africa). 
America

OMVL 

OMVL is
from Cit
CNG en
plants in

Natura

Natural 
with con
working 
For the 
that veh

In early 
for $11.
equipme

 may be used only as
esearch LLC. 

Global 

Global is a Ca
nd hydrogen r
zles and mete

Global sells m
anufactured ga
a and Asia (s
Global left that

Renzo 

in Italy, Land
y supplies mo
es, Toyota an
SpA had reve

0, Landi Renz
to a wide in
tions for both

eti Marelli 

i Marelli is an
provider that 
 Magneti M

nents such as
ors, and throt
at vehicles an

i Marelli had 
duction units)

ce in 16 count
the United S
 Magneti M

a, and Asia.  B

SpA 

s an automot
troen, Fiat, Fo
ngines, includ
n Iran, Argent

al Drive 

Drive is a co
nversion com

with Product
most part, Na

hicle compute

August, Fuel
.1 million.  T
ent for the co

s expressly permitted 

anadian com
refilling station
ers/registers f
ost of its prod
as compresso
strong natura
t market to fo

di Renzo is 
ost OEMs in t
nd Nissan.  
nue of €270.8

zo entered t
nstallation ne
 EPA and CA

n Italian auto
serves Europ

Marelli produ
s fuel rails w
ttle bodies.  
nd conversion

revenue of €
), 9 R&D Ce
tries (Italy, Fr
States, Mexic

Marelli supplie
Bosch is a ma

tive supplier t
ord, and Volk

ding pressure 
tina, and Braz

onversion com
mpanies to pro

tive Concepts
atural Drive is
rs are set to r

l Systems So
The likely imp
onversions.  N

by license from Pike 

59 

pany that su
ns.  It focuses
for measuring
ducts outside
ors; however

al gas market
cus on the dis

a leading s
the alternativ
It is also a le
8 million in 20

the U.S. mar
etwork.  In t
ARB for GM v

omotive comp
pe, Brazil, and
ces a varie
with injectors
These comp

ns.   

€5 billion in 20
entres and 27
rance, Germa
co, Brazil, Arg
es all the lea
ajor competito

that manufact
kswagen.  It m

regulators, in
zil. 

mpany in Ariz
oduce engine
s Internationa
s a software c
run on natura

olutions annou
pact is that P
Natural Drive

Research LLC and m

pplies dispen
s on OEMs a
g the fuel.  De
 North Ameri

r, as competit
ts) increased
spenser busin

supplier of C
ve fuel market
eader in the 
009, up 25% f

rket and purc
that process,
ehicle conver

ponents supp
d Argentina.  

ety of vehicl
, manifolds, 
onents are u

007, 28,000 e
7 Application 
any, Spain, P
gentina, Chin
ading OEMs
or. 

tures alternat
manufactures
njectors, and 

zona that hol
e computer ca
al for the insta
company that

al gas and LPG

unced it had 
PCI will shift 
’s relationship

Natura

may not otherwise be 

nser equipme
nd refilling eq
espite being l
ca.  Prior to 2
tion from man
 due to low-
ness.   

CNG equipme
t in Europe, i
LPG market 
from 2008.   

chased Bayte
, it was able
rsions. 

plier and afte
The compan
e componen
engine contr

used in bi-fue

employees, 4
 Centres. Th
oland, Czech

na, Japan, M
s in Europe, 

tive fuel parts
s many differe
 vaporizers.  

lds EPA certi
alibration kits
allation of its 
t works with i
G. 

completed th
to using IMP
p with PCI is

al Gas Vehi

accessed or used, w

ent for CNG, 
quipment, incl
located in Ca
2005, the com
nufacturers in
cost compres

ent. The com
including Fiat
in Europe. 

ech Corp. to
e to purchas

ermarket part
y is part of th

nts, including
rol units, pre
el systems in

46 production
he company 
h Republic, R
alaysia and 
North and 

s for OEM ve
ent compone
The compan

ification and w
s.  Natural Dr
kits into GM 
nstallers to e

he purchase o
PCO Techno
s (according t

 
icles 

without the 

LNG, 
luding 

anada, 
mpany 
n Latin 
ssors, 

mpany 
t, GM, 
Landi 

o gain 
se the 

s and 
he Fiat 
g NG 
essure 
n both 

n sites 
has a 
ussia, 
South 
South 

hicles 
ents of 
ny has 

works 
rive is 
vans.  

ensure 

of PCI 
logies 
to GM 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.3.15 

5.3.16 

5.3.17 

search LLC.  
rved. This publication
permission of Pike Re

press re
the agre

Produc

Located
partners
Manufac
the CNG

In early 
for $11.
equipme

Prins A

Prins pr
heavy-d
CNG for
upfitters

Prins is 
Middle E
also wo
Europe,

Roush 

Roush i
division 
F-Series
vehicles
market i

The com

 may be used only as
esearch LLC. 

eleases) still in
eements with 

ctive Conce

d in Indiana, P
s with GM t
ctured by GM
G equipment. 

August, Fuel
1 million.  Th
ent for the con

Autogassys

ovides LNG, 
duty markets. 
r a wide rang

s and converte

one of the k
East.  It partn
rks with OEM
 Chrysler in th

 

s an automot
that conduct

s pickup truck
s directly thro
in North Ame

mpany is priva

s expressly permitted 

ntact.  It is ex
Natural Drive

epts Interna

Productive Co
to deliver th

M in Missouri, 

l Systems So
his will likely 
nversions.   

stemen BV 

CNG, and liq
 It manufactu
e of engine ty
ers to simplify

key suppliers 
ners with Prot

Ms in specific 
he Netherland

tive engineeri
ts LPG conve
ks to LPG, an
ough Ford de
rica. 

ately held, wit

by license from Pike 

60 

xpected that F
e or expand th

ational  

oncepts Inter
he GMC Sav

the vans are

olutions annou
mean that P

uid petroleum
ures gaseous
ypes.  In add
y the convers

to smaller au
ton (Malaysia
countries in E
ds, Lada of G

ing, aftermark
ersions.  The 
d maintains a
alers.  Roush

th sales of $1

Research LLC and m

Fuel Systems
he relationshi

rnational is a 
vana and C

e transferred t

unced that it 
PCI will shift 

m gas compon
s fuel injector
ition to workin
ion of vehicle

uto and truck 
a), Saipa, and
Europe, includ

Germany, and

ket, testing, a
company co

a very close r
h has the lea

25.2 million in

Natura

may not otherwise be 

s Solutions m
p. 

CNG conver
Chevrolet Exp
to PCI’s facilit

completed th
to using IMP

nents for both
rs that work w
ng with OEMs

es to LNG, CN

k manufacture
d Zamyad (bo
ding Ford of E

d Volvo in Swe

and prototypin
nverts Ford’s

relationship w
ading share o

n 2008 and 2

al Gas Vehi

accessed or used, w

ay either term

rsion compan
press CNG 
ty for integrat

he purchase o
PCO Techno

h the light-dut
with both LNG
s, Prins work

NG, or LPG. 

ers in Asia an
oth Iranian).  
Europe, Cadi
eden. 

ng company w
s E-Series va

with Ford, deliv
of the LPG ve

2,400 employe

 
icles 

without the 

minate 

ny that 
vans.  

tion of 

of PCI 
logies 

ty and 
G and 
ks with 

nd the 
Prins 

llac in 

with a 
n and 
vering 
ehicle 

ees. 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1 

Chart 6.1

(V
eh

ic
le

s)

search LLC.  
rved. This publication
permission of Pike Re

Global 

There a
Africa/M
many c
defense
regions,
eke a p
strong a
for an em

The wor
continue
result w
resulting

The Afr
2016, th
continue
(10.9% 
diesel ve

Latin Am
CAGR in

1 Cumu

-

5,000,000 

10,000,000 

15,000,000 

20,000,000 

25,000,000 

2010

 may be used only as
esearch LLC. 

 Natural Ga

are currently 
Middle East an

ountries with
e against oil 

 both on the 
profit out of a
and the vehicl
missions solu

rldwide fleet o
ed sales in sp
will be a grow
g in 20.3 millio

rica/Middle Ea
his region w
ed growth in t
CAGR betwe
ehicles, as op

merica is the 
n its number o

ulative Natura

0E 2011

s expressly permitted 

Se
MARKET

as Vehicle F

about 12.57 
nd Latin Ame
h weaker eco
prices.  The
supply side f

a very low co
es continue t

ution and a he

of NGVs will 
pecific region
wing cumulat
on NGVs glob

ast market is
will have 8,76
the production
een 2010 and
pposed to exi

second large
of NGVs.   

al Gas Vehic

2012 201

by license from Pike 

61 

ection 6
T FOREC

Forecast: 2

million NGV
rican markets

onomies or p
re are a var
for fuel and o
ost fuel.  How
o be adopted

edge against 

continue to g
ns as NGVs r
tive fleet of 
bally. 

s expected to
66,650 NGVs
n of natural g
d 2016) will c
sting CNG ve

est market for 

cles Forecast

13 2014

Research LLC and m

6 
ASTS 

2010-2016 

Vs globally, w
s.  In general
political instab
riety of strain
on the retail s
wever, the in
d as governme
oil prices. 

grow during th
replace gasol
NGVs at a 

o remain the
s on the roa
gas keeping th
come mostly a
ehicles. 

r NGVs, and w

t: 2010-2016

(Sour

2015 201

Natura

may not otherwise be 

with the majo
, the NGV ma
bility look to 
ns on the ma
side for statio
ncentives to g
ents, fleets an

he next five y
ine or diesel 
rate of 8.3%

e largest regi
ad, thanks in
he cost of fue
at the expens

will see posit

rce: Pike Resear

16

Africa/Mid
East

Asia Paci

Eastern 
Europe

Western 
Europe

Latin Ame

North Am

al Gas Vehi

accessed or used, w

ority located i
arket is volat
push NGVs 

arketplace in 
on owners try
go to NGV re
nd consumers

years due to s
vehicles.  Th

% CAGR by 

on for NGVs
n no small p
el low.  This g
se of gasolin

ive growth of 

 

rch) 

ddle 

ific

erica

merica

 
icles 

without the 

in the 
ile, as 
as a 
such 

ying to 
emain 
s look 

strong 
he net 
2016, 

s.  By 
art to 

growth 
e and 

f 5.9% 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1.1 

Chart 6.2

1

1

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

NGV S

Over the
are expe
in 2012
develop
cause th
in 2012 
rebound

Iran wil
peaking
attractin
3,070 ve
frustratio
regions 
to see lit

2 Natura

 

 

 

 

 

-

200,000 

400,000 

600,000 

800,000 

,000,000 

,200,000 

20

 may be used only as
esearch LLC. 

ales Foreca

e past decade
ected to be th

2 as gas pric
ment and po
he higher pric
(similar to 20

ding again, re

l be much m
 in 2012-201

ng new refueli
ehicles per s
on among co
(504,986 veh
ttle growth aft

al Gas Vehic

010E 2011

s expressly permitted 

ast, Middle 

e, the Pakista
he same.  W
ces climb.  A
oor reporting 
ces.  Pakistan
007 sales in th
sulting in a C

more stable, 
3.  Due to th
ing stations.  
tation in 201
onsumers.  V
hicles in 2016
fter 2012, unle

cle Sales (Inc

2012 2

by license from Pike 

62 

 East/Africa

ani market ha
hile currently 
A combinatio
of new disco

n NGV sales 
he market), th
AGR of 4.8%

but sales ar
he fuel’s low 
As a result, I
6.  This high
Vehicle sales
6 on 3.8% CA
ess the situat

cluding Conv

2013 2014

Research LLC and m

a: 2010-201

as proven to b
on an upswi

on of expect
overies from 
are anticipat

hen fall to 330
% between 20

re expected 
level of profi
Iran’s 1,631 v
 ratio will res

s, while still 
AGR between
tion for station

versions), Af

(Sour

2015 2

Natura

may not otherwise be 

16 

be volatile, an
ing, sales are
ted restriction

far regions 
ted to peak a
0,263 NGVs s
10 and 2016.

to be relativ
tability, the c
vehicles per s
sult in longer 
high when c

n 2010 and 20
n owners imp

frica/Middle E

rce: Pike Resear

2016

al Gas Vehi

accessed or used, w

nd the next se
e expected to
ns on natura
of the countr

at 546,137 ve
sold in 2014 b
 

vely stagnant
country has tr
station will cli
lines and gr

compared to 
016), are exp
roves. 

East: 2010-2

rch) 

Africa/Middle
East

Iran

Pakistan

Rest of 
Africa/Middle
East

 
icles 

without the 

everal 
o peak 
al gas 
ry will 
hicles 
before 

t after 
rouble 
mb to 
owing 
other 

pected 

016 

e 

e 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.3

1,00

2,00

3,00

4,00

5,00

6,00

7,00

search LLC.  
rved. This publication
permission of Pike Re

Pakistan
expecte
vehicles
expecte

In contra
mention
operator
and 201

3 NGV R

 

 

 

 

 

 

 

 

-

00 

00 

00 

00 

00 

00 

00 

2010E 2

 may be used only as
esearch LLC. 

n has the gre
d to grow u

s in the coun
d to have 5,0

ast, Iran has 
ned, Iranian 
rs give up on 
6, resulting in

Refueling Sta

2011 2012

s expressly permitted 

eatest numbe
ntil 2016 (6.
try and the g

036 stations, u

comparativel
station grow
natural gas.  

n 1,253 statio

ations, Africa

2 2013

by license from Pike 

63 

er of refuelin
7% CAGR), 

growing need
up dramatical

y few station
wth will be f

Iran’s refueli
ons. 

a/Middle Eas

2014

Research LLC and m

ng stations in
driven by th

d for refueling
lly from 3,416

s, with just 1
followed by 
ng station CA

st: 2010-2016

(Sour

2015 20

Natura

may not otherwise be 

 the world a
he already la
g points.  By 
6 in 2010. 

,234 (for 2.0 
anticipated 

AGR will be 0

6 

rce: Pike Resear

016

Rest o
Africa

Pakist

Iran

al Gas Vehi

accessed or used, w

and that num
arge populati

2016, Pakis

million NGVs
losses as s
.2% between

rch) 

of 
a/Middle East

tan

 
icles 

without the 

ber is 
ion of 

stan is 

s).  As 
station 
n 2010 

t



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1.2 

Chart 6.4

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

Latin A

In the p
thanks t
strong g
projecte

Brazil w
slightly 
Howeve
(18.8% 
vehicles

Other p
Chile, C
markets
Researc
small th

4 Natura

 

 

 

 

-

100,000 

200,000 

300,000 

400,000 

500,000 

600,000 

20

 may be used only as
esearch LLC. 

America For

ast several y
to increased 
growth and th
ed to see sale

will experience
as ethanol p

er, this is a m
CAGR betwe

s by 2016. 

arts of Latin 
Columbia, Pe
s, they have 
ch expects th
rough the end

al Gas Vehic

10E 2011

s expressly permitted 

recasts: 20

years, the Lat
availability an
here is no re
s grow from 9

e similar ear
producers pu
modest conce
een 2010 and

America are 
eru, and Bol

gas availab
ese to be stro
d of the decad

cle Sales (Inc

2012 2

by license from Pike 

64 

010-2016 

tin American 
nd affordabili
eason to exp
97,898 in 201

ly growth, bu
sh to mainta
rn and overa
d 2016).  The

expected to 
ivia.  While 

ble and have
ong markets 
de. 

cluding Conv

2013 2014

Research LLC and m

markets have
ty of the fuel

pect this to s
0 to 207,130

ut its market 
ain competitiv
all NGV sales
e Brazilian m

see strong g
these count

e seen grow
for growth, b

versions), La

(Sour

2015 2

Natura

may not otherwise be 

e seen strong
l.  Argentina 
low.  As a r
 in 2016 (13.3

for NGVs is
ve rates for l
s growth in B
arket for NGV

growth in NG
tries currentl

wing numbers
but also expec

atin America:

rce: Pike Resear

2016

al Gas Vehi

accessed or used, w

g growth in N
continues to 
esult, Argent
3% CAGR). 

s expected to
locally grown
razil will be s
Vs will be 14

GV sales, incl
y represent 

s of NGVs. 
cts them to re

: 2010-2016

rch) 

Latin 
America

Argentina

Brazil

Rest of 
Latin 
America

 
icles 

without the 

NGVs, 
show 

tina is 

o slow 
n fuel.  
strong 
44,726 

luding 
small 
 Pike 
emain 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.5

1,

2,

3,

4,

5,

6,

7,

search LLC.  
rved. This publication
permission of Pike Re

While th
station g
within L
sales.  
might ex
per stati

5 NGV R

 

 

 

 

 

 

 

 

 

 

 

-

000 

000 

000 

000 

000 

000 

000 

2010E

 may be used only as
esearch LLC. 

he large NGV
growth betwe
atin America 
Overall, the 
xpect, the pa
ion (620 in 20

Refueling Sta

2011 2

s expressly permitted 

V countries o
een 2010 and

are expected
region will ha
rts of Latin A

016). 

ations, Latin 

2012 201

by license from Pike 

65 

of Brazil and
 2016 (2.9% 
d to build sta
ave a station
merica with lo

America: 20

13 2014

Research LLC and m

 Argentina a
and 1.7% CA

ations at a rat
n for every 89
ower vehicle 

010-2016 

(Sour

2015

Natura

may not otherwise be 

are looking at
AGR, respect
te that keeps
93 NGVs by 
counts will h

rce: Pike Resear

2016

Re
Am

Br

Ar

al Gas Vehi

accessed or used, w

t modest refu
tively), other 

s pace with ve
2016, but a

ave fewer ve

rch) 

est of Latin 
merica

razil

rgentina

 
icles 

without the 

ueling 
areas 
ehicle 
s one 
hicles 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1.3 

Chart 6.6

1

1

2

2

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

NGV S

In West
support 
Western
sales of 
thanks t
strong g
remain 
Europea

In Easte
a result
vehicles
there is 
the Rus
This wil
from Ga

6 Natura
2010-2

 

 

 

 

-

50,000 

100,000 

150,000 

200,000 

250,000 

201

 may be used only as
esearch LLC. 

ales Foreca

tern Europe, 
for refueling 

n Europe is e
f 194,208 veh
to support fro
growth due to
a niche mar

an market out

ern Europe, th
, Pike Resea

s), the sales in
a substantial

ssian governm
l make the U

azprom.   

al Gas Vehic
2016 

10E 2011

s expressly permitted 

ast, Eastern

continued st
infrastructure

expected to s
icles in 2016
om domestic 
o less expen
ket (German
tside of Italy).

he Ukrainian 
arch is expec
n Ukraine wil
l amount of n

ment is lookin
Ukraine more

cle Sales (Inc

2012 20

by license from Pike 

66 

n and West

trong OEM s
e will result in 
see moderate
.  Italy is expe
OEM, Fiat.  

nsive CNG th
 sales are e
 

market has b
cting that aft
l decline, then
atural gas av

ng to reduce d
e susceptible 

cluding Conv

13 2014

Research LLC and m

tern Europe

upport for C
 growth of the

e growth of 3
ected to rema
 Other marke
han gasoline 
expected to b

been highly vo
ter another b
n rebound by
vailable, thank
dependence 
to price fluc

versions), Ea

(Sour

2015 201

Natura

may not otherwise be 

e: 2010-201

NG and grow
e market ove
.1% CAGR, w

ain the larges
ets within Eu
or diesel, th

be 14,924 in 

olatile in the 
big sales yea
y 2016 (99,65
ks to the pipe
on Ukraine w

ctuations and 

astern and W

rce: Pike Resear

16

al Gas Vehi

accessed or used, w

16 

wth in govern
erall.  Lead by
which will res
t market for N

urope will als
hough the fue

2016, the la

last few year
ar in 2010 (9
55 vehicles).  
elines from R
with new pipe

supply decre

Western Euro

rch) 

Western 
Europe

Eastern 
Europe

Italy

Germany

Russia

Ukraine

 
icles 

without the 

nment 
y Italy, 
sult in 
NGVs, 
o see 
el will 
argest 

rs.  As 
97,613 
While 
ussia, 
elines.  
eases 

ope: 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.7

-

50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

4,50

search LLC.  
rved. This publication
permission of Pike Re

Western
CAGR b
strong g
is using
develop

7 NGV R

 

 

 

 

 

 

 

 

 

 

 

-

00 

00 

00 

00 

00 

00 

00 

00 

00 

2010E

 may be used only as
esearch LLC. 

n Europe is 
between 2010
growth in thes
g incentives a
ment of the v

Refueling Sta

2011 20

s expressly permitted 

expected to 
0 and 2016.  G
se countries (
and grants to
vehicles (parti

ations, West

012 2013

by license from Pike 

67 

have the str
Germany and
(5.2% and 8.9
o develop a 
cularly for fle

tern Europe: 

3 2014

Research LLC and m

rongest refue
d Italy’s suppo
9%, respectiv
wider networ
et vehicles). 

2010-2016 

(Sour

2015

Natura

may not otherwise be 

eling station 
ort of CNG ve
vely).  The Ge
rk of refuelin

rce: Pike Resear

2016

Res
Eur

Sw

Ger

Ital

al Gas Vehi

accessed or used, w

growth with 
ehicles will res
erman govern

ng stations to

rch) 

st of Western
rope

weden

rmany

y

 
icles 

without the 

8.6% 
sult in 
nment 
o spur 

n 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.8

-

20

40

60

80

1,00

1,20

1,40

1,60

1,80

2,00

search LLC.  
rved. This publication
permission of Pike Re

Eastern 
CAGR b
of refue
costs an

8 NGV R

 

 

 

 

 

 

 

 

 

 

 

 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2010E 2

 may be used only as
esearch LLC. 

European re
between 2010
ling stations 

nd low profitab

Refueling Sta

2011 20

s expressly permitted 

efueling infras
0 and 2016).  
are not as p
bility of statio

ations, Easte

12 2013

by license from Pike 

68 

tructure grow
While the Uk

prevalent (320
ns in that cou

ern Europe: 2

3 2014

Research LLC and m

wth is expecte
krainian vehic
0 stations in 
untry.   

2010-2016 

(Sour

2015

Natura

may not otherwise be 

ed to be relati
cle market is s
2010), likely 

rce: Pike Resear

2016

Re
Eu

Uk

Ru

Ea

al Gas Vehi

accessed or used, w

vely modest 
strong, the nu
due to insta

rch) 

est of Eastern
urope

kraine

ussia

astern Europ

 
icles 

without the 

(1.6% 
umber 
llation 

n 

e



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1.4 

Chart 6.9

1,

1,

1,

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

NGV S

The Asia
the large
India’s c
fleets.  T
result in
vehicles

China c
benefit f
Chinese
grow at 

9 Natura

 

 

 

 

 

 

 

-

200,000 

400,000 

600,000 

800,000 

,000,000 

,200,000 

,400,000 

20

 may be used only as
esearch LLC. 

ales Foreca

a-Pacific mar
est market by
continued ac
The lower co

n 12.0% CAG
s in 2016). 

ontinues to s
from this.  In a
e market for C
20.8% CAGR

al Gas Vehic

010E 2011

s expressly permitted 

ast, Asia-Pa

rket is the sec
y 2016 (1,322
cceptance of 
ost for CNG a
GR in India to

see strong ve
addition, the 
CNG and LNG
R between 20

cle Sales (Inc

2012 2

by license from Pike 

69 

acific: 2010

cond largest m
2,084 vehicles

CNG as a 
and the gover
o become the

hicle sales ov
increasing sc
G trucks grow

010 and 2016,

cluding Conv

2013 2014

Research LLC and m

0-2016 

market for NG
s in 2016).  T
vehicle fuel
rnment crack
e largest NGV

verall, and th
crutiny on em
w.  The NGV 
, resulting in a

versions), As

(Sour

2015 2

Natura

may not otherwise be 

GVs, and is ex
This growth w

for governm
kdown on veh
V market in t

he NGV mark
issions from d
market in Ch

a 364,049 NG

sia Pacific: 2

rce: Pike Resear

2016

al Gas Vehi

accessed or used, w

xpected to be
ill be in part d
ent and corp

hicle emission
the world (61

ket is anticipa
diesels will se
hina is expec
GV market in 

2010-2016 

rch) 

Asia Pacific

India

China

Rest of 
Asia Pacific

 
icles 

without the 

ecome 
due to 
porate 
ns will 
2,390 

ted to 
ee the 
cted to 
2016. 

c

c



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.1

-

1,00

2,00

3,00

4,00

5,00

6,00

7,00

search LLC.  
rved. This publication
permission of Pike Re

Because
will supp
CAGR b
NGV ref
growth o
and mor

10 NGV R

 

 

 

 

 

 

 

 

 

 

-

00 

00 

00 

00 

00 

00 

00 

2010E

 may be used only as
esearch LLC. 

e many of th
port fleet veh
between 2010
fueling station
of 7.5% CAG
re broadly wit

Refueling Sta

2011 20

s expressly permitted 

e refueling s
icles, the grow
0 and 2016). 
ns (2,376 in C

GR for refuelin
thin India’s lar

ations, Asia 

012 2013

by license from Pike 

70 

tations in As
wth of refueli
 By 2016, Ch

China and 5,0
ng stations a
rgest cities. 

Pacific: 2010

3 2014

Research LLC and m

ia-Pacific are
ng stations is
hina will trail o
036 in Pakista
as the stations

0-2016 

(Sour

2015

Natura

may not otherwise be 

e government
s anticipated 
only Pakistan
an).  India is a
s are spread

rce: Pike Resear

2016

R
P

C

I

al Gas Vehi

accessed or used, w

t funded and
to be strong 

n for the num
anticipated to
 out to other 

rch) 

Rest of Asia 
Pacific

China

ndia

 
icles 

without the 

 most 
(5.2% 
ber of 

o have 
cities 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.1.5 

Chart 6.1

1

1

2

2

3

3

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

NGV S

Growth 
Assumin
form, th
growth 
accepta
broadly 
albeit re

11 Natura

 

 

 

 

 

 

 

 

 

-

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

2010

 may be used only as
esearch LLC. 

ales Foreca

of NGVs in 
ng that the in
en growth is 
is also suppo
nce by fleets 
available, the

emain a very s

al Gas Vehic

0E 2011

s expressly permitted 

ast, North A

the United 
centives that
expected to 

orted by cont
of natural ga

e NGV mark
small market 

cle Sales (Inc

2012 201

by license from Pike 

71 

America: 20

States is hig
t are currently
be strong (25
tinued legisla

as a vehicle fu
et is expecte
(2,821 vehicl

cluding Conv

13 2014

Research LLC and m

010-2016 

ghly depende
y being debat
5.4% CAGR b
ation towards 
uel.  In Canad
ed to grow at
es by 2016).

versions), No

(Sour

2015 20

Natura

may not otherwise be 

ent on gover
ted do end u
between 201
reduced die

da, where the
t a similar rat

orth America

rce: Pike Resear

16

al Gas Vehi

accessed or used, w

rnment incen
p passing in 
0 and 2016).

esel emission
e incentives a
te (25.2% CA

a: 2010-2016

rch) 

United 
States

Canada

 
icles 

without the 

ntives.  
some 
  This 
s and 
re not 
AGR), 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.1

5

1,0

1,5

2,0

2,5

search LLC.  
rved. This publication
permission of Pike Re

Similar t
(6.8% C
anticipat
stations 

12 NGV R

 

 

 

 

 

 

 

 

 

 

 

 

-

500 

000 

500 

000 

500 

2010E

 may be used only as
esearch LLC. 

to the vehicle
CAGR) thanks
ted to reach 
will serve fle

Refueling Sta

2011 2

s expressly permitted 

e market, the 
s to incentives
1,972 by 20
ets. 

ations, North

012 201

by license from Pike 

72 

refueling infr
s and profitab
16 in the U.S

h America: 20

3 2014

Research LLC and m

rastructure in 
bility of the ga
S.  While ope

010-2016 

(Sour

2015

Natura

may not otherwise be 

the U.S. will 
as.  The num
en to the pub

rce: Pike Resear

2016

al Gas Vehi

accessed or used, w

see strong g
mber of station
blic, most of 

rch) 

Canada

United 
States

 
icles 

without the 

growth 
ns are 
these 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.2 

Chart 6.1

search LLC.  
rved. This publication
permission of Pike Re

Multi-fu

In Latin 
83% of 
an igniti
applied 
convers
United S

At the m
The issu
appears
whether

13 Multi-F

 may be used only as
esearch LLC. 

uel Vehicle

America, the
the NGVs in 
on source).  
to dedicated
ion companie

States. 

moment, the m
ue of incentiv
s to be renew
r the bi-fuel m

Fuel Vehicle

Mu

s expressly permitted 

s 

e majority of N
North Americ
This is beca
 or dual-fuel,

es that offer b

mix of bi-fuel v
ves is addres
ed interest fro

market in North

es, North Am

Dedicated N
53%

ulti-Fuel
17%

by license from Pike 

73 

NGVs are mu
ca are likely t
use the U.S. 
, not bi-fuel v
bi-fuel vehicle

vehicles in the
ssed in some
om conversio
h America ha

erica: 2010 

G

Dual 
(Die

30

Research LLC and m

ulti-fuel (typica
to be dedicat
government 

vehicles.  As
es and no OE

e United State
e versions of
on companies
as legs. 

(Sour

Fuel 
esel)
0%

Natura

may not otherwise be 

ally bi-fuel) v
ted or dual-fu
purchase inc

s a result, the
EMs offer bi-f

es is on the p
f the NAT GA
s.  However, i

rce: Pike Resear

al Gas Vehi

accessed or used, w

vehicles.  How
uel (using dies
centives have
ere are only 
fuel vehicles

precipice of gr
AS Act, and 
it is too early

rch) 

 
icles 

without the 

wever, 
sel as 
e only 
a few 
in the 

rowth.  
there 
to tell 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.1

 

search LLC.  
rved. This publication
permission of Pike Re

14 Multi-F

 

 may be used only as
esearch LLC. 

Fuel Vehicle

 

Multi-
89%

s expressly permitted 

es, Latin Ame

Fuel
%

by license from Pike 

74 

erica: 2010 

De

Research LLC and m

(Sour

edicated NG
10%

Natura

may not otherwise be 

rce: Pike Resear

Dual Fuel 
(Diesel)

1%

al Gas Vehi

accessed or used, w

rch) 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.3 

Chart 6.1

 

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

NGV by

In all r
dominat
interest 
of North
the mar
cars, or 

Interesti
also the
segmen
The incr
interest 

15 Natura

-

1,000,000 

2,000,000 

3,000,000 

4,000,000 

5,000,000 

6,000,000 

7,000,000 

8,000,000 

9,000,000 

 may be used only as
esearch LLC. 

y Vehicle S

egions exce
ted by the pa
and are expe

h American N
ket, but are c
40% sold in 2

ingly, the M/H
e smallest se
nt will see CAG
reasing regul
in NGVs duri

al Gas Vehic

 

s expressly permitted 

Segment Fo

pt North Am
assenger car 
ected to conti

NGVs).  In Ea
closely followe
2016; 285,51

HD truck segm
egment in mo
GRs of betwe
ation of emis
ng the middle

cle Segments

by license from Pike 

75 

recast 

merica and E
segment.  In
nue to do so 

astern Europe
ed by natural 
6 M/HD buse

ment is expec
ost regions.  
een 6.5% in L
sions from la
e years of the

s (including C

Research LLC and m

Eastern Euro
n North Amer
through 2016

e, passenger 
gas M/HD bu

es, or 31%; 22

cted to be the 
Between 20

Latin America
arge diesel tru
e decade. 

Conversions

(Sour

Natura

may not otherwise be 

ope, the NG
rica, light truc
6 (175,292 LD
cars have th

uses and M/H
20,573 M/HD 

fastest growi
010 and 2016
a and 12.3% in
ucks will certa

s), World Mar

rce: Pike Resear

M
D

M
D

Li
Tr

Li
Ca

al Gas Vehi

accessed or used, w

GV market w
cks draw the
D trucks sold
he largest sha
HD trucks (37

trucks, or 24

ing segment, 
6, the M/HD 
n Western Eu
ainly help pus

rkets: 2016 

rch) 

Medium/Heavy
uty Buses

Medium/Heavy
uty Trucks

ight Duty 
rucks

ight Duty 
ars

 
icles 

without the 

will be 
 most 
; 86% 
are of 

70,010 
%). 

albeit 
truck 

urope.  
sh the 

y 

y 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.4 

Chart 6.1

 

(M
ill

io
n

 m
3 )

search LLC.  
rved. This publication
permission of Pike Re

Natura

In 2010
about 3
gas for 
Notably
transpor
segmen

The Uni
to 107 m
total nat

16 Natura

-

5,000 

10,000 

15,000 

20,000 

25,000 

2010E

 may be used only as
esearch LLC. 

al Gas Used

, NGVs are e
.459 billion gg
fuel, as wou
, North Ame
rtation (8.5% 

nts (M/HD truc

ted States us
million cubic m
tural gas usag

al Gas Used 

 

2011

s expressly permitted 

d for Transp

expected to u
ge used glob
ld be expecte

erica will see
CAGR betwe

cks and LD tru

sed 591.7 billi
meters used f
ge. 

for Automot

2012 20

by license from Pike 

76 

portation Fo

use 12,294 m
ally in 2010. 
ed based on 
e very strong
een 2010 an
ucks) consum

ion cubic met
for transporta

tive Transpo

013 2014

Research LLC and m

orecast: 20

million cubic m
 Africa/Middle
the number 

g growth in 
d 2016), give

me a lot of fue

ters of natura
ation.  This is 

ortation, Worl

(Sour

4 2015

Natura

may not otherwise be 

010-2016 

meters of nat
e East will us
of NGVs in 
the need fo

en that its fas
el. 

l gas in total 
less than 0.5

rld Markets: 2

rce: Pike Resear

2016

Af
Ea

As

Ea
Eu

W
Eu

La

No
Am

al Gas Vehi

accessed or used, w

tural gas, wh
se the most n
use in this re

or natural ga
stest-growing

in 2009, com
5% of the cou

2010-2016 

rch) 

frica/Middle 
ast

sia Pacific

astern 
urope

Western 
urope

atin America

orth 
merica

 
icles 

without the 

hich is 
natural 
egion.  
as for 
 NGV 

pared 
untry’s 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.5 

Chart 6.1

(V
e

h
ic

le
s

)

search LLC.  
rved. This publication
permission of Pike Re

Fleet v

Currentl
Consum
access 
between
more w
Howeve
small, re

At the 
following
25.5% b

17 NGV S

 

 

 

 

 

 

 

-

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

2010E

 may be used only as
esearch LLC. 

versus Priva

ly, the marke
mers have few

only to after
n 2010 and 2
idely availabl

er, the consum
eaching 2,970

same time, 
g slightly slow
between 2010

Sales, Fleet V

2011

s expressly permitted 

ate Owner F

et for NGVs i
w choices whe
market conve
2016 for priv
le (including 
mer market fo
0 vehicles by 

the fleet ma
wer growth in
0 and 2016 to

Versus Priva

2012 2

by license from Pike 

77 

Forecast: 2

in North Ame
en it comes to
ersions.  Pik
vate owners 
potentially ne
or NGVs in th
2016. 

arket for NGV
n 2011.  Ove
 reach 29,649

ate Owner, Un

2013 2014

Research LLC and m

2010-2016 

erica is almo
o purchasing

ke Research 
as infrastruc

ew Fiat CNG
he United Sta

Vs is expect
erall, the flee
9 NGV sales.

nited States:

(Sour

4 2015

Natura

may not otherwise be 

ost entirely co
an NGV, and
is anticipatin

cture and new
G models and
ates is expec

ted to mainta
et market will
. 

:  2010-2016 

rce: Pike Resear

2016

Fle

Pri

al Gas Vehi

accessed or used, w

omposed of f
d in fact most
g a 27.7% C
w models be
d a Toyota m
cted to remain

ain steady g
 grow at a ra

rch) 

eet Owner

vate Owner

 
icles 

without the 

fleets.  
t have 
CAGR 
ecome 

model).  
n very 

growth 
ate of 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 6.1

 

No

La

Wes

Eas

A

search LLC.  
rved. This publication
permission of Pike Re

Not surp
the sale
21% in 
comes 
expecte
to less t
the bus 

18 NGV P

0.0

orth America

atin America

stern Europe

stern Europe

Asia Pacific

Africa/Middle 
East

 may be used only as
esearch LLC. 

prisingly, in re
s.  In Africa/M
2010.  Asia P
under greate
d to reach 3,
han 1% of fle
segment. 

Percentage o

 

0% 5.0%

s expressly permitted 

egions where 
Middle East, N
Pacific is exp
er scrutiny to
,754,772 veh
eet vehicles s

of Total Fleet

10.0% 1

by license from Pike 

78 

NGVs sell w
NGVs will acc
ected to incre

o reduce emi
icles by 2016
old).  The one

t Sales by Re

15.0% 20.0%

Research LLC and m

well, Fleet purc
count for 24%
ease its mix 
issions.  In N
6, of which 29
e area that w

egion, World

(Sour

% 25.0%

Natura

may not otherwise be 

chases comp
% of fleet sales

of NGVs in fl
North Americ
9,649 will be 

will be strong i

d Markets: 20

rce: Pike Resear

30.0%

20

20

al Gas Vehi

accessed or used, w

pose the majo
s by 2016, up
leets as the r
ca, fleet sale
NGVs (amou
n North Ame

010-2016 

rch) 

010E

016

 
icles 

without the 

ority of 
p from 
region 
es are 
unting 
rica is 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.6 

Table 6.1

Segment 
Mexico City
Mexico 

Shanghai, B
Guangzhou

Mumbai, Ind

Tokyo, Japa

Karachi, Pa

Sao Paulo, 

London, UK

Hong Kong

Paris, Franc
New York C
USA 
Dhaka, 
Bangladesh

Chicago, US
Dubai,  
United Arab
Emirates 

Buenos Aire
Argentina 
Los Angeles
USA 
Johannesbu
Africa 
San Francis
USA 
 

search LLC.  
rved. This publication
permission of Pike Re

Taxi Fl

As the w
growth 
The taxi
fleets a
adoption
stronges

1 Top L

U
y, 

Ve

Beijing,  
u, China Ve

dia Ve

an Ve

akistan Ve

Brazil Ve

K Ve

, China Ve

ce Ve
City, 

Ve

h Ve

SA Ve

b 
Ve

es,  
Ve

s,  
Ve

urg, 
Ve

sco, 
Ve

 may be used only as
esearch LLC. 

eet Foreca

world’s popula
of their trans
i market is a s
re located in
n. Of the top 
st NGV marke

argest Globa

Units 

ehicles 12

ehicles 6

ehicles 5

ehicles 4

ehicles 4

ehicles 3

ehicles 1

ehicles 1

ehicles 1

ehicles 1

ehicles 

ehicles 

ehicles 

ehicles 

ehicles 

ehicles 

ehicles 
  

s expressly permitted 

sts: 2010-2

ation become
sportation ind
special marke
n strong NGV
five taxi fleet
ets, where NG

al Taxi Fleets

2010 2
 

26,391 127,

 
69,323 71,

 
54,197 55,

 
49,362 49,

 
45,043 45,

 
34,364 35,

 
9,989 20,

 
8,993 19,

 
5,679 15,

 
3,451 13,

 
9,499 9,

 
6,608 6,

 
5,953 6,

 
3,168 3,

2,313 2,

1,854 1,

1,383 1,
 

by license from Pike 

79 

2016 

es increasingl
dustries.  Ma
et simply bec
V markets a
ts, three (Mum
GV infrastruct

s: 2010-2016

2011 201
 

,840 129,30

 
,231 71,88

 
,440 56,33

 
,513 49,66

 
,560 45,87

 
,546 36,76

 
,429 20,61

 
,255 19,34

 
,727 15,79

 
,595 13,67

 
,572 9,60

 
,679 6,72

 
,089 6,17

 
,192 3,21

,331 2,34

,875 1,88

,398 1,40
 

Research LLC and m

ly urban, the 
ny NGVs are

cause of its siz
nd offer an 
mbai, Karach
ture may alre

6 

12 2013
 

07 129,900

 
85 72,709

 
30 57,105

 
65 49,741

 
73 46,189

 
69 37,613

 
17 20,759

 
43 19,454

 
99 15,847

 
78 13,782

 
01 9,631

 
20 6,771

 
73 6,258

 
17 3,232

45 2,363

88 1,901

06 1,417
 

(Sour

Natura

may not otherwise be 

largest cities 
e targeted to
ze, and many
additional op

hi, Sao Paulo)
ady be availa

3 2014 
 

0 
  

130,496  

 
9 

  
73,543  

 
5 

  
57,760  

 
1 

  
49,817  

 
9 

  
46,507  

 
3 

  
38,130  

 
9 

  
20,901  

 
4 

  
19,565  

 
7 

  
15,872  

 
2 

  
13,844  

 
1 

  
9,660  

 
1 

  
6,802  

 
8 

  
6,344  

 
2 

  
3,246  

3 
  

2,374  

1 
  

1,914  

7 
  

1,423  
 

rce: Pike Resear

al Gas Vehi

accessed or used, w

 will see cont
oward these f
y of the larges
pportunity to 
) are in the w
able to them.

2015
 

131,394 1

 
74,218 

 
58,423 

 
49,893 

 
46,827 

 
38,480 

 
20,997 

 
19,655 

 
15,920 

 
13,887 

 
9,690 

 
6,822 

 
6,432 

 
3,261 

 
2,381 

 
1,928 

 
1,428 

 
rch) 

 
icles 

without the 

tinued 
fleets.  
st taxi 
NGV 

world’s 

2016
 

132,212 

 
74,719 

 
58,923 

 
49,963 

 
47,119 

 
38,800 

 
21,089 

 
19,718 

 
15,965 

 
13,927 

 
9,718 

 
6,842 

 
6,516 

 
3,277 

 
2,388 

 
1,940 

 
1,432 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

6.7 

search LLC.  
rved. This publication
permission of Pike Re

Summa

The NG
regions.
stations 
and Eur
are stru
vehicle 
demand

In the U
growing
competi
The NAT
impact o

We are 
Renzo, 
across t
market 
Magneti
are expe

While th
NGVs, i
some ve
both h
governm
operatio
is clear t

 

 may be used only as
esearch LLC. 

ary and Con

GV market re
  India is gr
that will help

rope, the vola
ggling with th
sales, and g

ds. 

United States
; whether in t
tive enough 
T GAS Act in
on the consum

starting to se
and gas co

the supply c
are unlikely 
i Marelli and B
ected to rema

he variety of a
it will most c
ery similar att
ave a subs

ment-supporte
ons.  Although
that EVs will t

s expressly permitted 

nclusions 

emains highl
rowing rapidly

p propel it to le
atility we see 
he constraint
gas compani

s, NGVs will 
the form of re
with new cle
centives will 

mer market. 

ee more cons
mpanies con
hain.  This c
to commit to

Bosch are un
ain focused on

alternative fue
certainly impa
ributes: both 
stantially hig
ed backing.  
h differences 
take a piece o

by license from Pike 

80 

y regionalize
y, but seems
ead the marke
in the sales m
ts of refueling
es and gove

continue to r
egulations, inc
ean diesel an
be critical to t

solidation in t
ntinue to ma
consolidation 
o NGVs with
likely to make
n component

els and EV te
act the marke
have limited 

gher cost t
As a result,
exist betwee
of the market

Research LLC and m

ed, with diffe
s to have a 
et in terms of
market is due
g infrastructu
ernments are

rely on the g
centives, or b

nd hybrids to
the fleet mark

the market as
ake purchase

will likely co
out upfitters.
e the move in
ts.  

echnologies d
et.  Natural g
range compa
than gasolin
 both techno

en these types
t that could be

Natura

may not otherwise be 

erent factors 
good balanc

f NGV sales.  
e to access to
re that has n

e struggling t

government to
both, the NGV

o survive with
ket, but are u

s Fuel System
es that broad
ontinue as O
  However, 

nto the acquis

does not elim
gas and EV 
ared to similar
ne engines; 
ologies are w
s of vehicles 
e a good fit fo

al Gas Vehi

accessed or used, w

affecting dif
ce of vehicles

In the Middle
o fuel.  Consu
not kept pace
to balance s

o keep the m
V market is n
hout this influ
nlikely to hav

m Solutions, 
den their pro

OEMs in this 
larger player

sition game as

minate the nee
technologies 
r gasoline eng

and both 
well-suited for

and their usa
or NGVs. 

 
icles 

without the 

fferent 
s and 
e East 
umers 
e with 
supply 

market 
not yet 
uence.  
ve any 

Landi 
oducts 

small 
rs like 
s they 

ed for 
have 

gines; 
have 

r fleet 
age, it 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Advanced
15 Garde
Tullamarin
VIC 3043 
www.adva
+61.3.933
 
Altech-Ec
101 Fair O
Arden, No
www.trans
+1.828.65
 
ANGVA 
Level 2, B
Off Jalan 
Kawasan 
43000, Ka
Malaysia 
www.angv
+603.892
 
Autocar, 
551 S. Wa
Hagerstow
www.auto
+1.765.48
 
BAF Tech
2415 Bea
Dallas, TX
www.bafte
+1.214.23
 
Baytech C
260 Verna
Los Altos,
www.bayt
+1.650.94
 
BMW/Min
Petuelring
Munich, G
www.bmw
+49.89.38

search LLC.  
rved. This publication
permission of Pike Re

d Fuels Tech
n Drive 
ne, Melbourn
Australia 

ancedfuels.co
38.1722 

co Corp. 
Oaks Road 
orth Carolina 
secoenergy.c
54.8300 

Block A, Lot 3
Ayer Itam, 
Institusi Bang

ajang, Selang

va.org 
6.1686 

LLC 
ashington St. 
wn, IN 47346 
ocartruck.com
89.5499 

hnologies 
atrice Street 
X 75208 
echnologies.c
31.1450 

Corp. 
al Court 
, CA 94022 
techcorp.com
49.1976 

ni 
g 130 
Germany D-80
w.com 
82.0 

 may be used only as
esearch LLC. 

hnologies, Pt

e 

om.au 

28704 
com 

288 & 3289,  

gi, 
gor, 

m 

com 

m 

0788 

s expressly permitted 

Se
COMPAN

ty Ltd. 

by license from Pike 

81 

ection 7
NY DIREC

Bos
3800
Farm
www
+1.2
 
Capa
401 
Long
www
+1.9
 
Chry
1000
Aubu
www
+1.8
 
Clea
3020
Seal
www
+1.5
 
CNG
350 
Ottaw
www
+1.6
 
Cum
101 
Vanc
Cana
www
+1.6
 
Daim
4747
Portl
www
+1.5
 

Research LLC and m

7 
CTORY 

ch 
00 Hills Tech 
mington Hills, 
w.bosch.com
248.876.1000

acity of Texa
Capacity Driv
gview, TX 756
w.capacitytexa
903.759.0610

ysler Corp. 
0 Chrysler Dr
urn Hills, MI 4

w.chrysler.com
800.992.1997

an Energy Fu
0 Old Ranch P
l Beach, CA 9

w.cleanenergy
562.493.2804

GVA 
Sparks Stree
wa, ON K1R 

w.cngva.org 
613.564.0181

mmins Westp
– 1750 West 
couver, Britis
ada  V6P 6G2

w.cumminswe
604.718.8100

mler Trucks N
7 Channel Av
land, OR 972

w.daimler-truc
503.745.8000

Natura

may not otherwise be 

Dr. 
MI 48331 

as, Inc. 
ve 
604 
as.com 

. 
48326 
m 

uels Corp. 
Parkway, Sui
90740 
yfuels.com 

et, Suite 809 
7S8 

port, Inc. 
75th Avenue
h Columbia 
2 

estport.com 

North Ameri
ve. 
217 
cksnorthamer

al Gas Vehi

accessed or used, w

te 400 

e 

ca LLC 

ica.com 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Environm
351 St. Jo
Gatineau,
www.ec.g
+1.800.66
 
EPA 
1200 Pen
Washingto
www.epa.
+1.202.27
 
FAB Indu
5409 Mar
Brentwoo
www.fabin
+1.615.30
 
Fiat 
250 Via N
Turin, Italy
www.fiat.c
+39.011.0
 
Ford Mot
1 America
Dearborn
www.ford
+1.313.32
 
Foton Am
3085 Fou
Germanto
www.foton
+1.205.98
 
Fuel Syst
780 Third
New York
www.fuels
+1.646.50
 
GNC Gali
Av. Gral P
Buenos A
Argentina
http://www
+54.11.47
 

search LLC.  
rved. This publication
permission of Pike Re

ment Canada
oseph Boulev
, Quebec K1A

gc.ca 
68.6767 

nsylvania Ave
on, DC 20460
.gov 
72.0167 

ustries 
ryland Way, S
d, TN 37027 
nd.com 
01.5300 

Nizza 
y 10126 
com 
006.1111 

tor Co. 
an Rd. 
, MI 48126-27
.com 
22.3000 

merica Bus C
ntainside Dr. 

own, TN 3813
n-america.co
87.2889 

tems Solutio
Avenue, 25th

k, NY 10017 
systemssoluti
02.7170 

ileo 
Paz 265 - Sáe
Aires, B1674A
a 
w.galileoar.co
7128002 

 may be used only as
esearch LLC. 

a 
vard 
A 0H3 

enue, N.W. 
0 

Suite 215  

798 

Co., Inc. 
 Suite 105 

39 
m 

ons, Inc. 
h Floor 

ions.com 

enz Peña 
AOA 

om 

s expressly permitted by license from Pike 

82 

Gen
300 
Detro
www
+1.3
 
Hon
2-1-1
Toky
www
+81.
 
Hyu
231 
Seou
www
+82.
 
IANG
PO B
Rem
New
www
+64.
 
Ivec
Via P
1015
www
+39.
 
Juni
101 
Vanc
Cana
www
+1.6
 
Krau
25 P
Winn
Cana
www
+1.2
 
Mac
7900
Gree
www
+1.3
 

Research LLC and m

eral Motors
Renaissance

roit, MI 48232
w.gm.com 
313.556.5000

da Motors 
1 Minami-Aoy
yo, Japan 107
w.honda.com
3.3423.1111

ndai Motor C
Yangjae-don
ul, South Kore

w.hyundaiusa
2.3464.1114

GV 
Box 128446 

muera, Auckla
w Zealand 
w.iangv.org 
9.523.35671

co 
Puglia 35, 10
56 Turin, Italy
w.iveco.com 
011.007.212

iper Engines
– 1750 West 
couver, Britis
ada V6P 6G2

w.juniperengin
604.718.2000

us Global 
Paquin Road, 
nipeg Manitob
ada R2J 3V9

w.krausglobal
204.663.3601

ck Trucks 
0 National Se
ensboro, NC 2
w.macktrucks.
336.291.9001

Natura

may not otherwise be 

e Center 
2-5170 

yama, Minato
7-8556 

Corp. 
g, Seocho-gu
ea 137-938 
.com 

and 

156 
y 

s, Inc. 
75th Avenue
h Columbia, 

2  
nes.com 

 
ba 
 
.com 

ervice Road 
27409 
.com 

al Gas Vehi

accessed or used, w

o-ku 

u 

e 

 
icles 

without the 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Natural D
13765 W.
Goodyear
www.natu
+1.602.28
 
Nissan M
17-1 Ginz
Tokyo, Ja
www.niss
+81.3.556
 
OMVL Sp
Via Rivella
35020 Pe
www.omv
+39.0429
 
Peugeot 
150 Clove
Little Falls
+1.973.81
 
Productiv
1274 S St
Union City
www.pcin
+1.765.96
 
Prins Aut
Jan Hilge
5657ES E
The Nethe
www.prins
+31.0.40.
 
PSA Peug
75 Avenu
Paris, Fra
+01.40.66
 

 
 
 
 
 
 
 
 
 

search LLC.  
rved. This publication
permission of Pike Re

Drive 
 Auto Drive #
r, AZ 85338 
uraldrive.com 
88.9026 

Motor Corp. 
za 6-chome, C
apan 104-802
an.com 

65.2141 

pA 
a, 20 

ernumia Padu
vlgas.it 
.76.41.11 

e Rd. 
s, New Jersey
12.4444 

ve Concepts
tate Rd. 32 
y, IN 47390 
t.com 

64.3993 

togassystem
rsweg 22 

Eindhoven 
erlands 
sautogas.com
2547700 

geot/Citroen
e de la Grand

ance 75116 
6.55.11 

 may be used only as
esearch LLC. 

#122 

Chuo-ku 
3 

a, Italy 

y 07424 

 Internationa

men BV 

m 

n 
de Armee 

s expressly permitted 

al, LLC 

by license from Pike 

83 

Rena
13-1
Boul
www
+33.
 
Toyo
1-To
Toyo
www
+81.
 
U.S.
Rene
1000
Was
www
+1.8
 
Volk
Wolf
Wolf
www
+49.
 
Volv
AB V
Goth
www
+46.
 
Wes
101 
Vanc
Cana
www
+1.6
 
Weic
26 M
Weif
http:
+86.

Research LLC and m

ault 
5 quai Le Ga
logne-Billanco

w.renault.com
1.76.84.04.04

ota Headqua
oyota-cho 
ota, Japan 47
w.toyota.com
565.28.2121

 DOE Office 
ewable Ener
0 Independen
shington D.C.
w1.eere.energ
800.348.5969

kswagen AG
fsburg Office,
fsburg, D-384

w.volkswagen
0.5361.90 

vo Trucks 
Volvo 
henburg, Swe
w.volvo.com 
31.66.00.00

stport, Inc. 
– 1750 West 
couver, Britis
ada V6P 6G2

w.westport-hd
604.264.4734

chai Power, 
Minsheng Roa
fang, 261001
//www.weicha
0536.819777

Natura

may not otherwise be 

allo 
ourt Cedex, F

m 
4 

arters 

71-8571 

of Energy E
rgy 
nce Ave., SW 
, 20585 
gy.gov/office_

 Letter box 18
436, Germany
nag.com 

eden S-405 08

75th Avenue
h Columbia, 

2  
d.com 

Ltd. 
ad 
, China 
ai.com 
77 

al Gas Vehi

accessed or used, w

France 92109

fficiency and

_eere 

8490 
y 

8 

e 

 

 
icles 

without the 

9 

d 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Alternative

American

American

American

Asia Pacif

Battery El

Billion Cu

British Th

California

Canadian

Canadian

Carbon D

Clean Dev

Code of F

Compoun

Compress

Corporate

Cubic Me

Degree C

Degree Fa

Departme

Engine Co

Environm

European

Federal M

search LLC.  
rved. This publication
permission of Pike Re

e Fuel Vehicl

National Sta

National Sta

Recovery an

fic Natural Ga

lectric Vehicle

bic Feet .......

ermal Unit ....

Air Resource

 Natural Gas 

 Standards A

ioxide ..........

velopment Me

Federal Regul

nd Annual Gro

sed Natural G

e Average Fue

ters ..............

Celsius ...........

ahrenheit .....

ent of Energy 

ontrol Unit ....

ental Protecti

n Union .........

Motor Vehicle 

 may be used only as
esearch LLC. 

ACRON

e ..................

ndard for Nat

ndards Institu

nd Reinvestm

as Vehicle As

e (All Battery-

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

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

es Board .......

Vehicle Asso

Association ....

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

echanism (Ch

lations ..........

owth Rate .....

Gas ................

el Economy ..

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

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

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

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

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

ion Agency ...

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

Safety Stand

s expressly permitted 

Se
NYM AND

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

tural Gas Veh

ute .................

ent Act of 200

ssociation ......

-Powered) .....

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

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

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

ociation .........

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

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

hina) .............

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

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

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

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

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

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

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

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

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

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

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

dards .............

by license from Pike 

84 

ection 8
D ABBREV

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

hicle Containe

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

09 .................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Research LLC and m

8 
VIATION L

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

ers ................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Natura

may not otherwise be 

LIST 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

al Gas Vehi

accessed or used, w

................. AF

................. NG

................. AN

................. AR

................. AN

................. BE

................. bc

................. BT

................. CA

................. CN

................. CS

................. CO

................. CD

................. CF

................. CA

................. CN

................. CA

................. M3

................. °C

................. °F

................. DO

................. EC

................. EP

................. EU

................. FM

 
icles 

without the 

FV 

GV2 

NSI 

RRA 

NGVA 

EV 

cf 

TU 

ARB 

NGVA 

SA 

O2 

DM 

FR 

AGR 

NG 

AFE 

3 

C 

OE 

CU 

PA 

U 

MVSS 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Fuel Cell .

Gasoline 

General M

Goods an

Grams pe

Greenhou

Gross Co

Heavy-Du

High Occu

Horsepow

Hybrid Ele

Hydrogen

Hydrogen

Internal C

Internal R

Internatio

Kilometer

Light-Duty

Liquefied 

Liquefied 

Lithium Io

Low Emis

Medium/H

Methane .

Mile per G

Miles per 

Ministry o

Model Ye

search LLC.  
rved. This publication
permission of Pike Re

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

Gallon Equiva

Motors ..........

nd Services Ta

er Kilowatt Ho

use Gases ....

mbined Weig

uty ................

upancy Vehic

wer ................

ectric Vehicle

n Compress N

n Fuel Initiativ

Combustion E

Revenue Serv

nal Associatio

rs per Hour ...

y Vehicle ......

Natural Gas 

Petroleum G

on ..................

ssions Vehicle

Heavy-Duty T

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

Gallon ...........

Hour ............

of Environmen

ar .................

 may be used only as
esearch LLC. 

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

alent .............

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

ax (Canada) .

our .................

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

ght .................

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

cle Lanes (Ca

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

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

Natural Gas ...

e ..................

ngine ............

ice ................

on of Natural 

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

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

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

as .................

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

e ...................

ruck ..............

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

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

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

nt (Japan) .....

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

s expressly permitted 

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

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

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

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

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

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

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

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

arpool Lanes)

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

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

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

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

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

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

Gas Vehicles

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

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

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

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

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

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

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

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

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

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

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

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

by license from Pike 

85 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

s ....................

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

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

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

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

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

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

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

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

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

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

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

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

Research LLC and m

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Natura

may not otherwise be 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

al Gas Vehi

accessed or used, w

................. FC

................. GG

................. GM

................. GS

................. g/k

................. GH

................. GC

................. HD

................. HO

................. HP

................. HE

................. HC

................. HF

................. IC

................. IR

................. IAN

................. kp

................. LV

................. LN

................. LP

................. Li-

................. LE

................. M/

................. CH

................. mp

................. mp

................. MO

................. MY

 
icles 

without the 

C 

GE 

M 

ST 

kWh 

HGs 

CW 

D 

OVs 

P 

EV 

CNG 

FI 

E 

S 

NGV 

ph 

V 

NG 

PG 

-ion 

EV 

/HD 

H4 

pg 

ph 

OE 

Y 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

National H

Natural G

Natural G

NGV Ame

Nitrogen O

Office of E

Original E

Over-the-

Particulate

Plug-in Hy

Pounds p

Pounds ...

Sport Utili

Super Ult

Ultra Low

Ultra Low

United Kin

United Pa

United Sta

Volkswag

Zero-Emis

 

 

search LLC.  
rved. This publication
permission of Pike Re

Highway Traff

as Vehicle ...

as ................

erica (Trade O

Oxide ...........

Energy Efficie

Equipment Ma

Road – Semi

e Matter .......

ybrid Electric 

er Square Inc

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

ity Vehicle ....

ra Low Emiss

Emissions V

Sulfur Diese

ngdom ..........

arcel Service o

ates ..............

en ................

ssions Vehicl

 may be used only as
esearch LLC. 

fic Safety Adm

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

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

Organization) 

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

ency and Ren

anufacturer (A

-Tractor Trail

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

Vehicle ........

ch (Pressure)

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

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

sions Vehicle 

Vehicle ...........

l ....................

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

of America ...

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

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

e ..................

s expressly permitted 

ministration ...

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

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

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

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

newable Energ

Automaker) ...

er Trucks .....

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

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

) ....................

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

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

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

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

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

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

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

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

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

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

by license from Pike 

86 

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

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

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

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

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

gy .................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Research LLC and m

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Natura

may not otherwise be 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

al Gas Vehi

accessed or used, w

................. NH

................. NG

................. NG

................. NG

................. NO

................. EE

................. OE

................. OT

................. PM

................. PH

................. ps

................. lbs

................. SU

................. SU

................. UL

................. UL

................. UK

................. UP

................. U.

................. VW

................. ZE

 
icles 

without the 

HTSA 

GV 

G 

GVA 

Ox 

ERE 

EM 

TR 

M 

HEV 

si 

s 

UV 

ULEV 

LEV 

LSD 

K 

PS 

S. 

W 

EV 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Section 1
Executive

1.1 
1.2 
1.3 
1.4 

Section 2
Market Is

2.1 
2.2 
2.3 

2.3.1
2.4 

2.4.1
2.4.2
2.4.3

2.5 
2.5.1
2.5.2
2.5.3
2.5.4
2.5.5
2.5.6

2.6 
2.6.1
2.6.2
2.6.3

2.6
2.6

2.7 
2.7.1
2.7.2
2.7.3
2.7.4
2.7.5

2.8 
Section 3
Technolo

3.1 
3.1.1
3.1.2
3.1.3
3.1.4

3.
3.2 

3.2.1
3.2.2

search LLC.  
rved. This publication
permission of Pike Re

1 ...................
e Summary .
Key Market I
Refueling Inf
Demand Driv
Market Forec

2 ...................
ssues ...........

History ........
Light Vehicle
Medium- and

1  Truck Cla
Natural Gas 

1  Gas Mini
2  Transpor
3  Refilling I
Regional Ma

1  United St
2  North Am
3  Latin Am
4  European
5  Africa/Mid
6  Asia Pac
Current Mark

1  Private O
2  Conversi
3  Fuel Cos
6.3.1  Per
6.3.2  Mai
Competing T

1  Other Alt
2  Liquid Pe
3  Hydrogen
4  Hybrid an
5  Fuel Cell 
CNG/LNG H

3 ...................
ogy Issues ...

Chemical Ch
1  Liquefied
2  Compres
3  Biogas ...
4  Propane 
1.4.1  LPG
NGV Engine

1  Dedicate
2  Bi-Fuel E

 may be used only as
esearch LLC. 

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

.....................
ssues ...........
frastructure Is
vers and Barr
casts ............
.....................
.....................
.....................

es ..................
d Heavy-Duty
ass Definition
Supply .........
ng ................
rtation of Fuel
Infrastructure

arkets ............
tates/Canada

merican Fleet 
erican Marke
n Market .......
ddle East Ma
ific Market ....
ket Opportuni

Ownership .....
on Versus Or
ts .................

rformance Ve
ntenance on 

Technologies 
ernative Fuel

etroleum Gas 
n ...................
nd Electric Ve
Advancemen
andling Train
.....................
.....................

haracteristics 
d Natural Gas 
ssed Natural G
.....................
(Liquefied Pe

G Infrastructu
s ...................
d Mono-Fuel 

Engines .........

s expressly permitted 

Se
TABLE O

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

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

.....................
ssues ............
riers ...............
.....................
.....................
.....................
.....................
.....................

y Trucks/Buse
s ...................
.....................
.....................
l ....................
 Availability ..
.....................

a Consumer M
Market .........
t ...................
.....................
rket ..............
.....................
ties and Barr
.....................
riginal Equipm
.....................
rsus Diesel/G
NGVs Versus
.....................
s ...................
(LPG)/Autog
.....................

ehicle Techno
nts ................
ing Issues ....
.....................
.....................
of Natural Ga
.....................
Gas ...............
.....................

etroleum Gas
re .................
.....................
Engines .......
.....................

by license from Pike 

87 

ection 9
OF CONT

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

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

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

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

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

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

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

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

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

......................
es ..................
......................
......................
......................
......................
......................
......................
Market ...........
......................
......................
......................
......................
......................
riers ...............
......................
ment NGVs ....
......................

Gasoline Engi
s Diesel/Gaso
......................
......................
as .................
......................
ologies ...........
......................
......................
......................
......................
as ..................
......................
......................
......................
) ....................
......................
......................
......................
......................

Research LLC and m

9 
ENTS 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
nes...............
oline Engines
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

Natura

may not otherwise be 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
s ....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

al Gas Vehi

accessed or used, w

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
icles 

without the 

....... 1 

....... 1 

....... 1 

....... 2 

....... 3 

....... 3 

....... 5 

....... 5 

....... 5 

....... 5 

....... 6 

....... 7 

....... 8 

....... 8 

....... 9 

..... 13 

..... 14 

..... 14 

..... 16 

..... 16 

..... 16 

..... 18 

..... 19 

..... 19 

..... 20 

..... 20 

..... 20 

..... 22 

..... 22 

..... 22 

..... 22 

..... 23 

..... 23 

..... 24 

..... 24 

..... 25 

..... 26 

..... 26 

..... 26 

..... 26 

..... 27 

..... 28 

..... 28 

..... 28 

..... 28 

..... 29 

..... 29 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

3.2.3
3.2.4

3.3 
3.3.1

3.3
3.3.2

3.4 
3.4.1
3.4.2

Section 4
Demand 

4.1 
4.1.1

4.
4.

4.1.2
4.1.3
4.1.4

4.2 
4.2.1

4.3 
4.3.1

4.3
4.3
4.3

4.3.2
4.3.3
4.3.4
4.3.5
4.3.6
4.3.7

4.4 
4.4.1
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6

Section 5
Key Indu

5.1 
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.1.9

5.2 
5.2.1
5.2.2

search LLC.  
rved. This publication
permission of Pike Re

3  Dual-Fue
4  OEM Pre
Refueling Te

1  CNG Ref
3.1.1  Hom
2  LNG Ref
Natural Gas 

1  Safety Iss
2  On-Vehic
4 ...................
Drivers ........
Market-Base

1  Economic
1.1.1  Cos
1.1.2  Rela
2  Energy S
3  Environm
4  Vehicle A
Global Warm

1  T. Boone
Government 

1  United St
3.1.1  CAF
3.1.2  EPA
3.1.3  CAR
2  Canada .
3  Latin Am
4  Europe ..
5  China ....
6  India ......
7  Japan ....
Government 

1  United St
2  Canada .
3  Europe ..
4  Japan ....
5  China ....
6  Other Re
5 ...................
stry Players 
Original Equ

1  Fiat ........
2  Ford Mot
3  General M
4  Honda ...
5  Hyundai 
6  Mercedes
7  Renault .
8  Toyota M
9  Volkswag
Heavy-Duty T

1  Autocar .
2  Capacity 

 may be used only as
esearch LLC. 

el Engines .....
epared Engine
echnology .....
fueling ..........
me Refueling 
ueling ...........
Production ...
sues .............
cle Storage Ta
.....................
.....................

ed Demand ...
cs .................
st Recovery A
ationship Bet

Security Issue
mental Benefit
Availability .....
ming and Peak
e Pickens’ Imp

Emissions R
tates .............
FE Standards
A Regulations
RB Certificatio
.....................
erica .............
.....................
.....................
.....................
.....................
Incentives ...

tates .............
.....................
.....................
.....................
.....................

egulatory Ince
.....................
.....................
ipment Manu
.....................
tor Co. ..........
Motors ..........
.....................
Motor Co. ....
s-Benz .........
.....................

Motor Corp. ...
gen ...............
Trucks/Buses
.....................
of Texas, Inc

s expressly permitted 

.....................
e Conversion
.....................
.....................
Appliances ..
.....................
.....................
.....................
anks .............
.....................
.....................
.....................
.....................

Analysis .........
ween Alterna
s ...................
ts ..................
.....................
k Oil Awarene
pact on the U

Regulations ....
.....................

s ....................
s ....................
on .................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

entives ...........
.....................
.....................
facturers.......
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
s ....................
.....................

c. ...................

by license from Pike 

88 

......................
s ...................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
ative Fuel Dem
......................
......................
......................
ess ................
.S. Market ....
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................

Research LLC and m

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
mand and Ga
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

Natura

may not otherwise be 

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
as/Diesel Pric
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

al Gas Vehi

accessed or used, w

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
es ................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
......................
......................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

 
icles 

without the 

..... 30 

..... 30 

..... 31 

..... 31 

..... 31 

..... 32 

..... 32 

..... 32 

..... 32 

..... 34 

..... 34 

..... 34 

..... 34 

..... 34 

..... 35 

..... 35 

..... 36 

..... 37 

..... 37 

..... 38 

..... 39 

..... 39 

..... 39 

..... 40 

..... 41 

..... 42 

..... 42 

..... 42 

..... 42 

..... 43 

..... 43 

..... 43 

..... 43 

..... 50 

..... 50 

..... 50 

..... 51 

..... 51 

..... 52 

..... 52 

..... 52 

..... 52 

..... 52 

..... 52 

..... 53 

..... 53 

..... 53 

..... 53 

..... 53 

..... 54 

..... 54 

..... 54 

..... 54 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

5.2.3
5.2.4
5.2.5
5.2.6
5.2.7
5.2.8
5.2.9
5.2.1
5.2.1
5.2.1
5.2.1
5.2.1

5.3 
5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7
5.3.8
5.3.9
5.3.1
5.3.1
5.3.1
5.3.1
5.3.1
5.3.1
5.3.1
5.3.1

Section 6
Market Fo

6.1 
6.1.1
6.1.2
6.1.3
6.1.4
6.1.5

6.2 
6.3 
6.4 
6.5 
6.6 
6.7 

Section 7
Company
Section 8
Acronym
Section 9
Table of C
Section 1
Table of C
Section 1

search LLC.  
rved. This publication
permission of Pike Re

3  Cummins
4  Emission
5  Foton ....
6  Freightlin
7  Gillig ......
8  Iveco .....
9  Mack Tru
10  Navist
11  New F
12  Volvo 
13  Westp
14  Weich
Key Supplier

1  Advanced
2  Altech-Ec
3  BAF Tec
4  Baytech C
5  The Bosc
6  Clean En
7  FAB Indu
8  Fuel Syst
9  GNC Gal
10  Kraus 
11  Landi 
12  Magne
13  OMVL
14  Natura
15  Produc
16  Prins A
17  Roush
6 ...................
orecasts ......
Global Natur

1  NGV Sale
2  Latin Am
3  NGV Sale
4  NGV Sale
5  NGV Sale
Multi-fuel Ve
NGV by Veh
Natural Gas 
Fleet versus 
Taxi Fleet Fo
Summary an

7 ...................
y Directory ..
8 ...................

m and Abbrev
9 ...................
Contents .....
10 .................
Charts and F
11 .................

 may be used only as
esearch LLC. 

s Westport Inc
ns Solutions In
.....................

ner .................
.....................
.....................

ucks ..............
tar/Internation
Flyer Bus .......
.....................

port ................
ai Power, Ltd
rs/NGV Conve
d Fuels Tech
co Corp. .......
hnologies .....
Corp. ............
ch Group ......
nergy Fuels C
ustries ...........
tems Solution
lileo ..............
Global .........
Renzo ..........
eti Marelli ......
L SpA ............
al Drive .........
ctive Concept
Autogassyste
h ....................
.....................
.....................
ral Gas Vehic
es Forecast, 
erica Forecas
es Forecast, 
es Forecast, A
es Forecast, 
hicles ...........
icle Segment
Used for Tran
Private Owne

orecasts: 201
nd Conclusion
.....................
.....................
.....................

viation List ...
.....................
.....................
.....................

Figures.........
.....................

s expressly permitted 

c. (Joint Vent
nc. ................
.....................
.....................
.....................
.....................
.....................

nal Truck and 
.....................
.....................
.....................

d. ...................
erters ............
nologies, Pty 
.....................
.....................
.....................
.....................

Corp. ..............
.....................

ns, Inc. ..........
.....................
.....................
.....................
.....................
.....................
.....................
ts Internation

emen BV .......
.....................
.....................
.....................
le Forecast: 2
Middle East/A
sts: 2010-201
Eastern and W
Asia-Pacific: 
North Americ
.....................
t Forecast .....
nsportation F
er Forecast: 2
0-2016 .........

ns ..................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

by license from Pike 

89 

ture) ..............
......................
......................
......................
......................
......................
......................
Engine Corp

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

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

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

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

......................
Ltd. ..............

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

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

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

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

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

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

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

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

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

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

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

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

......................
al ..................
......................
......................
......................
......................
2010-2016 ....
Africa: 2010-2
6 ..................
Western Euro
2010-2016 ...

ca: 2010-2016
......................
......................
orecast: 2010
2010-2016 ....
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................
......................

Research LLC and m

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

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

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

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

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

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

.....................
p. ...................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
2016 .............
.....................
ope: 2010-20
.....................
6 ...................
.....................
.....................
0-2016 ..........
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

Natura

may not otherwise be 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.....................
16 .................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................

al Gas Vehi

accessed or used, w

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
icles 

without the 

..... 54 

..... 54 

..... 55 

..... 55 

..... 55 

..... 55 

..... 55 

..... 56 

..... 56 

..... 56 

..... 56 

..... 56 

..... 57 

..... 57 

..... 57 

..... 57 

..... 57 

..... 57 

..... 58 

..... 58 

..... 58 

..... 58 

..... 59 

..... 59 

..... 59 

..... 59 

..... 59 

..... 60 

..... 60 

..... 60 

..... 61 

..... 61 

..... 61 

..... 62 

..... 64 

..... 66 

..... 69 

..... 71 

..... 73 

..... 75 

..... 76 

..... 77 

..... 79 

..... 80 

..... 81 

..... 81 

..... 84 

..... 84 

..... 87 

..... 87 

..... 91 

..... 91 

..... 93 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Scope of
Sources 
Notes .....

search LLC.  
rved. This publication
permission of Pike Re

f Study .........
and Methodo
.....................

 may be used only as
esearch LLC. 

.....................
ology ...........
.....................

s expressly permitted 

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

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

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

by license from Pike 

90 

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

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

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

 

Research LLC and m

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

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

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

Natura

may not otherwise be 

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

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

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

al Gas Vehi

accessed or used, w

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

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

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

 
icles 

without the 

..... 93 

..... 93 

..... 94 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Chart 2.1 
Chart 2.2 
Chart 2.3 
 
Chart 2.4 
Chart 3.1 
Chart 6.1 
Chart 6.2 
Chart 6.3 
Chart 6.4 
Chart 6.5 
Chart 6.6 
 
Chart 6.7 
Chart 6.8 
Chart 6.9 
Chart 6.10
Chart 6.1
Chart 6.12
Chart 6.13
Chart 6.14
Chart 6.15
Chart 6.16
Chart 6.17
Chart 6.18

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 3.1
Figure 4.1
Figure 4.2
 

search LLC.  
rved. This publication
permission of Pike Re

Number o
Natural G
Costs of 
Grid Dev
Number o
Usage of
Cumulati
Natural G
NGV Ref
Natural G
NGV Ref
Natural G
2010-201
NGV Ref
NGV Ref
Natural G

0  NGV Ref
1  Natural G
2  NGV Ref
3  Multi-Fue
4  Multi-Fue
5  Natural G
6  Natural G
7  NGV Sale
8  NGV Per

1  U.S. Petr
2  United St
3  Hydraulic
4  Natural G
5  Natural G
6  Russian a
7  Projected
1  Bi-Fuel V
1  Well-to-W
2  Peak Oil 

1940-205

 may be used only as
esearch LLC. 

TABL

of NGVs per 
Gas Used for 
CNG versus 
elopment .....
of LPG Vehic
f LNG, United
ve Natural Ga

Gas Vehicle S
fueling Station
Gas Vehicle S
fueling Station
Gas Vehicle S
16 .................
fueling Station
fueling Station
Gas Vehicle S
fueling Station
Gas Vehicle S
fueling Station
el Vehicles, N
el Vehicles, La
Gas Vehicle S
Gas Used for A
es, Fleet Vers
rcentage of To

roleum Consu
tates Truck C
c Fracturing D
Gas Pipeline A
Gas Pipelines
and Europea
d Routes of N
Vehicle Diagra
Wheel Greenh

Curve, World
50 .................

s expressly permitted 

Sec
LE OF CH

Refueling Sta
Transportatio
Gasoline in D
.....................

cles, World Ma
d States: 2010
as Vehicles F

Sales (Includin
ns, Africa/Mid

Sales (Includin
ns, Latin Ame

Sales (Includin
.....................
ns, Western E
ns, Eastern E

Sales (Includin
ns, Asia Pacif

Sales (Includin
ns, North Ame
orth America
atin America: 

Segments (inc
Automotive T
sus Private O
otal Fleet Sal

umption by Se
Classes ..........
Diagram .........
Additions, Un
, Europe and
n Natural Gas

Nord Stream, N
am .................
house Gas Em
d Oil Productio
.....................

by license from Pike 

91 

ction 10
ARTS AN

ation, World M
on Fuel, Pakis
Different Scen
......................
arkets: 2008, 
0 ....................
Forecast: 2010
ng Conversio
ddle East: 201
ng Conversio
erica: 2010-20
ng Conversio
......................
Europe: 2010
Europe: 2010-
ng Conversio
fic: 2010-2016
ng Conversio
erica: 2010-2
: 2010 ...........
2010 ............

cluding Conve
Transportation
Owner, United

es by Region

 

ector: 2007 ...
......................
......................
ited States: 2
the Middle E

s Pipelines ....
Nabucco, and
......................
missions for V
on (Crude Oi
......................

 

 

 

Research LLC and m

0 
D FIGUR

Markets: 2010
stan: 2010-20
narios of Tran
.....................
2010 ...........

.....................
0-2016 .........
ns), Africa/Mi
10-2016 ........
ns), Latin Am
016 ...............
ns), Eastern a
.....................
-2016 ...........
-2016 ............
ns), Asia Pac
6 ..................
ns), North Am

2016 ..............
.....................
.....................
ersions), Wor
n, World Mark
d States:  201
n, World Mark

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

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

.....................
2000-2009 ....
East ...............
.....................
d South Strea
.....................

Various Fuels
l + NGL) and 
.....................

Natura

may not otherwise be 

ES 

0, 2016 ..........
016 ................
nsportation & 
.....................
.....................
.....................
.....................
iddle East: 20
.....................

merica: 2010-2
.....................
and Western 
.....................
.....................
.....................

cific: 2010-20
.....................

merica: 2010-
.....................
.....................
.....................

rld Markets: 2
kets: 2010-20
0-2016 .........

kets: 2010-20

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

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

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

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

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

.....................
am Pipelines .
.....................

s ....................
Various Fore
.....................

al Gas Vehi

accessed or used, w

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

.....................
Distribution 
.....................
.....................
.....................
.....................
010-2016 ......
.....................
2016 .............
.....................
Europe:  

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

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

.....................
16 ................
.....................
2016 ............
.....................
.....................
.....................
016 ..............

016 ...............
.....................
16 ................

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

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

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

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

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

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

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

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

.....................
ecasts:   
.....................

 
icles 

without the 

..... 17 

..... 18 

..... 21 

..... 23 

..... 27 

..... 61 

..... 62 

..... 63 

..... 64 

..... 65 

..... 66 

..... 67 

..... 68 

..... 69 

..... 70 

..... 71 

..... 72 

..... 73 

..... 74 

..... 75 

..... 76 

..... 77 

..... 78 

....... 6 

....... 7 

....... 9 

..... 10 

..... 11 

..... 12 

..... 13 

..... 30 

..... 36 

..... 38 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Table 1.1 
Table 1.2 
Table 2.1 
Table 2.2 
Table 2.3 
Table 2.4 
Table 3.1 
Table 3.2 
Table 4.1 
Table 4.2 
Table 4.3 
Table 4.4 
Table 4.5 
Table 4.6 
Table 6.1 

search LLC.  
rved. This publication
permission of Pike Re

NGV Ref
Annual N
European
NGV Sta
Natural G
Cost of N
Propertie
Engine C
Demand 
Incremen
Corporate
Proposed
Comparis
Vehicle In
Top Larg
 

 may be used only as
esearch LLC. 

fueling Station
Natural Gas V
n Vehicle Cla
tions by State

Gas Refueling
Natural Gas C
es of Natural G
Components T

Drivers for th
ntal Cost Reco
e Average Fu
d EPA Truck 
son of NAT G
ncentives by 
est Global Ta

s expressly permitted 

ns, World Ma
ehicle Sales 
sses .............
e, United Stat
g Stations by 
Compared to O
Gas Compare
Typically Upg
he NGV Marke
overy Examp
uel Economy 
Fuel Econom

GAS Act Bills .
State ............
axi Fleets: 20

by license from Pike 

92 

rkets:  2010-2
(Including Co
......................
tes:  2010 ......
Province, Ca
Other Fuels ...
ed to Other Fu
raded by OEM
et ..................
le ..................
Regulations, 

my and Emissi
......................
......................
10-2016 ........

Research LLC and m

2016 .............
onversions), W
.....................
.....................
nada:  2010 .
.....................
uels ..............
Ms ................
.....................
.....................
United States
ions Regulatio
.....................
.....................
.....................

Natura

may not otherwise be 

.....................
World Markets
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
s:  2010-2016
ons (Oct. 201
.....................
.....................
.....................

al Gas Vehi

accessed or used, w

.....................
s:   2010-201
.....................
.....................
.....................
.....................
.....................
.....................
.....................
.....................
6 ...................
10) ................
.....................
.....................
.....................

 
icles 

without the 

....... 2 
6 .... 4 
....... 7 
..... 15 
..... 15 
..... 21 
..... 26 
..... 31 
..... 34 
..... 35 
..... 40 
..... 41 
..... 43 
..... 47 
..... 79 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

Pike Rese
vehicle O
refueling 
growth of
review of 

The repo
technolog
perspectiv
developm
extends th

Pike Rese
The key c
interviews
are diligen
but not li
governme

Additiona
staff of re
within this

These pr
synthesize
care is tak
and assum
methodolo

Pike Rese
view of m
and is thu
technolog

 

 

 

 

 

 

search LLC.  
rved. This publication
permission of Pike Re

earch has pre
EMs, supplie
technologies

f NGV deman
major deman

ort’s purpose
gies covered. 
ve.  Pike Res

ment of their b
hrough 2016.

earch’s indus
component o
s with industr
nt in ensuring
imited to tec
ent agencies, 

l analysis inc
esearch assis
s report.    

imary and se
ed into the q
ken in making
mptions must
ogy, both with

earch is an in
market opportu
us able to off
gy hype, politic

 may be used only as
esearch LLC. 

epared this re
rs, trade asso
.  The major
nd in the ove
nd drivers, as 

 is not to p
 Rather, it aim

search strives
business mod

SOU

stry analysts 
f Pike Resea

ry leaders inc
g that they sp
chnology com

and the inves

cludes second
stants.  Wher

econdary res
qualitative and
g sure that al
t be made, an
hin the body o

ndependent m
unities within 
ffer clear, act
cal agendas, 

s expressly permitted 

Sec
SCOP

eport to provi
ociations, and
r objective is 
erall consume

well as key in

present an e
ms to provide
s to identify a
dels.  All ma

URCES AN

utilize a varie
arch’s analysi
cluding execu
peak with rep
mpanies, utilit
stment comm

dary research
re applicable,

search source
d quantitative
l analysis is w
nalysts docum
of a report an

market resear
its coverage 

tionable advic
or emotional 

by license from Pike 

93 

ction 11
E OF STU

de participan
d gas provide
to determine

er automobile
ndustry playe

exhaustive te
e a strategic e
and examine 
ajor global re

ND METH

ety of resear
is is primary 

utives, engine
resentatives f
ties and othe

munity. 

h conducted 
, all seconda

es, combined
e analysis pre
well-supporte
ment their as
d in direct co

rch firm whos
areas.  The 

ce to help cli
factors that a

Research LLC and m

1 
UDY 

nts at all level
ers, with a stu
e the state o
e market.  In 
ers within the 

echnical ass
examination f
new market 

egions are inc

HODOLOG

rch sources in
research gai

eers, and mar
from every pa
er service pr

by Pike Res
ary research s

d with the an
esented in P

ed by facts, bu
ssumptions an
nversations w

se goal is to 
firm is not be
ients succeed
are inherent in

Natura

may not otherwise be 

ls of the NGV
udy of the ma
of the industr

addition, the
competitive la

sessment of 
from an overa
segments to 
cluded and t

GY 

n preparing R
ined from ph
rketing profes
art of the valu
roviders, indu

earch’s analy
sources are 

nalyst’s indus
Pike Research
ut where the 
nd are prepar
with clients. 

present an o
eholden to an
d in the indu
n cleantech m

al Gas Vehi

accessed or used, w

V market, incl
arket for NGV
ry and likely 
e report provi
andscape.   

the vehicles
all tactical bus

aid readers 
he forecast p

Research Re
one and in-p
ssionals.  An
ue chain, incl
ustry associa

ysts and the 
appropriately

stry expertise
h’s reports.  
facts are unk
red to explain

objective, unb
ny special inte
stry, unfetter

markets. 

 
icles 

without the 

luding 
Vs and 

future 
des a 

s and 
siness 
in the 
period 

eports.  
person 
alysts 
luding 

ations, 

firm’s 
y cited 

e, are 
Great 

known 
n their 

biased 
erests 
red by 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

CAGR ref

CAGR = (

CAGRs p
given, the
given as w

Figures a
shipments
in year 20

 

search LLC.  
rved. This publication
permission of Pike Re

fers to compo

(End Year Va

resented in th
e CAGR is for 
well.  

re based on t
s, and sales a
009 U.S. dolla

 

 may be used only as
esearch LLC. 

ound average 

alue ÷ Start Ye

he tables are 
the range pre

the best estim
are based on 
ars unless oth

s expressly permitted 

N

annual grow

ear Value)(1/st

for the entire
esented.  Wh

mates availabl
end-of-year f

herwise noted

by license from Pike 

94 

NOTES 

th rate, using

eps) – 1. 

timeframe in
here relevant, 

le at the time 
figures unless
.  Percentage

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Research LLC and m

g the formula:

n the title.  Wh
CAGRs for s

of calculation
s otherwise no
es may not ad

Natura

may not otherwise be 

here data for f
shorter timefra

n.  Annual rev
oted.  All valu
dd up to 100 d

al Gas Vehi

accessed or used, w

fewer years a
ames may be

venues, 
ues are expre
due to roundi

 
icles 

without the 

are 
e 

essed 
ng. 



 

© 2011 Pike Re
All Rights Rese
express written 
 

 
 

This publ
expressly
distributed
Pike. Not
obtained f
in this pu
accessing

search LLC.  
rved. This publication
permission of Pike Re

 

 

 

 

 

 

 

 

 

 

lication is pro
permitted by

d, displayed, 
twithstanding 
from public s
blication). If y

g or using this

 may be used only as
esearch LLC. 

ovided by P
y license from
modified, ex
the foregoin

ources found
you do not ha
s publication. 

s expressly permitted 

Publ

©2010 P
1320 Pea

Boulder
Tel: +

http://www

ike Research
m Pike and m
xtracted, acce
ng, Pike mak
d in this public
ave a license
Please conta

by license from Pike 

95 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ished 1Q 2011
 

Pike Research 
arl Street, Suite
r, CO  80302 U
1 303.997.760
w.pikeresearch

h LLC (“Pike
may not otherw
essed or used
kes no claim
cation (wheth
e from Pike c
act Pike to obt

Research LLC and m

 

LLC 
e 300 
USA 
09 
h.com 

e”). This pub
wise be repro
d without the

m to any Gov
her or not the 
covering this
tain a license

Natura

may not otherwise be 

blication may 
oduced, reco
e express wri
vernment dat
owners of su
publication, p

e to this public

al Gas Vehi

accessed or used, w

be used on
rded, photoco
itten permiss
ta and other
uch data are 
please refrain
cation. 

 
icles 

without the 

nly as 
opied, 
ion of 
r data 
noted 

n from 


