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CNG bhuses emit as much

particulate matter (PM) as
diesel buses




In chassis dynamometer testing

by the West Virginia
University, CNG buses
consistently emit dramatically
less particulate matter (PM)
than diesel buses.







4 wvu Transportable Chassis Dynamometer




Emissions on CBD driving cycle (g/mi)

Emissions from Boulder, Colorado CNG and Diesel Buses

N

(Cummins B5.9G and ISB engines)

Al

j Reauction

] Diesel Buses

Rl Redduction

NOX

‘ S { |

THC/NMHC*

PM x 10




s Natural Gas Trucks
= Diesel Trucks
o Natural Gas Buses
+ Diesel Buses

£
S
»
c
he,
n
9
S
L
p=
o

10 & % 8 %0 <‘> QOO—Q‘
10000 20000 30000 40000 50000 60000 70000 80000

Odometer




Publications of Emissions Results
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There 1s conclusive data

showing that CNG buses emit
more ultrafine particles than
diesel buses




Particle size distribution

measurement ultra fine
particle counting are
developing technologies and
Initial data is mixed.




PM Sizing Studies
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WVU Presentation

Transit Bus 13, Cummins M11, D2, DR= 22:1,
CBD Cycle
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WVU Presentation

o “CNG vehicles exhibit very low PM mass emission
rates. But, number count of nanoparticles may be very
high.”




ETSU Study Findings

Studied a dedicated CNG Chrysler Caravan and a

The CNG van “...produced remarkably low particle
emissions, in terms of overall mass.”

“For the greater part, the mean size of the particles
emitted was found to be similar to those from gasoline
vehicles”

However, CNG “..produced large numbers of small
particles at a high, steady road speed”

“It must be said that the original set of LPG data...look
very odd....” “... they suggest a peak particle size of 10
nm or less.” “the repeat LPG runs...peak size ... IS
similar to that found In the past for gasoline engines..”




'Particulate sizing for CNG (Greenwood et
al 1996)

Mumber of Parficulates

Figure 1. Variation in Mumber of Particulates with Speed
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AEA Presentation

o Diesel vehicles emitted at least 10-times as many
particles at idle than spark ignited engines

CNG vehicles emitted fewer particles than diesel up to
about 120 kph (75 mph) at which point “For the CNG
vehicles, the number of particles emitted is of the same
order as for the diesel vehicles.”

“Lubricating oil combustion may account for a
significant proportion of the total amount of particulate
produced when operating on gaseous fuels.”




- EPA PM Sampling Methods Report

“Recent laboratory tests... showed that
a prototype, low-emission [diesel]
engine produced increased numbers of
nanoparticles when tested under
laboratory conditions, however it Is
unclear whether this increase was due
to the engine or to the laboratory test
conditions.”

http://www.me.umn.edu/centers/cdr/Proj_EPA.html




Size distribution depends on....
Engine type
Instrumentation used
Method of dilution
Dilution ratio
Temperature of dilution air
Composition of dilution air
Particle residence time in system
Chemical composition of exhaust
etc.

http://www.me.umn.edu/centers/cdr/Proj_EPA.html




- EPA PM Sampling Methods Report

“The strongest driving force for gas to
particle conversion occurs in the critical
dilution ratio range (5-50:1), roughly
the same range produced by the typical
laboratory dilution tunnel system 3-
20:1. These conditions are not
representative of real-world
conditions.”

http://www.me.umn.edu/centers/cdr/Proj_EPA.html




Buses with modern diesel

technology can now match the
emissions of a natural gas bus.




Some diesel technology under

development can match the
particulate matter emissions
of current commercial natural
gas buses
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of current commercial natural
gas buses




Some diesel technology under

development can match the
particulate matter emissions
of current commercial natural
gas buses




Some diesel technology under

development can match the
particulate matter emissions
of current commercial natural
gas buses




NAVC Hybrid Bus Report
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NAVC Hybrid Bus Report

“The CNG-like particulate emissions of these diesel
hybrid-electric buses were facilitated by the use of low
sulfur diesel fuel and catalyzed particulate filters.”

“NO, emissions from the DDC Series 50G engine CNG
buses were consistently 50 to 60 percent lower than a
conventional diesel bus.”

“CNG buses set the ozone precursor benchmark with
hybrid-electric buses a close second.”

Lowest NO, emissions for CNG = 9.7 g/mile
Lowest NO, emissions for diesel hybrid = 18.5 g/mi
(CBD test cycle)




NOx Emissions Pre-1994
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NOXx Emissions 1996 - 1997
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Natural gas vapors

are toxic to breathe.




Natural gas vapors are odorless and
non-toxic to breathe.

Gasoline and diesel vapors, however,
do contain toxics that are
dangerous to ingest or breathe.




CNG bus maintenance garages

and refueling facilities are
more dangerous than diesel
facilities.




Each fuel requires
use of safety a

equipment desig

facility design and
nd fire protection
ned specifically for

the fL

Diesel bus facilit
more fuel (~100,000 gal) than
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CNG bhuses cost more than

diesel buses.
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2 A full-size CNG transit bus costs
about $40,000 to $50,000 more
than a comparable diesel bus.

A full- size diesel bus costs
around $250,000 to $300,000.

A full-size diesel hybrid bus
currently costs about $385,000.




CNG buses are always more

expensive to operate than
diesel buses.




Natural gas buses can have equal
or less operating cost than
diesel buses.

The cost comparison Is strongly
affected by natural gas and
diesel fuel prices.




| Renewable Energy Laboratory
Evaluation Program




Maintenance Costs
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Dollars per 1000 miles
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Fuel Cost

Dollars per 1000 miles

Fuel cost
per diesel #2
equivalent
gallon

M
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Tacoma, Washington
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. Pierce Transit's Fuel Cost

* Now buying CNG as a commodity

. o Cost $0.30 per diesel equivalent gallon
(129,000 Btu)

Diesel Bus CNG Bus

Fuel Cost (D2gal) $0.65 $0.30

MPEG (D2gal) 5.8 mpg 4.5 mpeg
Fuel Cost per Mile $0.11/mile $0.07/mile
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Summary

Sound bites on natural gas buses are often
oversimplified and may be misleading - dig In
and study the details!

Current natural gas buses offer emission benefits
In comparison to diesel buses and diesel hybrid

buses.

Natural gas buses cost more to buy than diesel
buses

Natural gas buses can have equal or less
operating cost as diesel buses .... Fuel cost can
make a big difference.







