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accuracy, completeness, or usefulness of any information, 
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-on Plagues World's Megacities 
Deteriorating urban air quality ranks as a top concern worldwide, 
since air pollution adversely affects both public health and the 
environment. To assess the problems of urban air pollution, the 
World Health Organization (WHO) and the United Nations Envi- 
ronment Programme (UNEP) conducted a detailed study of air 
quality in 20 "megacities" (cities with populations over 10 million 
by the year 2000) throughout the world in urban areas. Results of 
the study are contained in a Global Environment Monitoring 
System report published in 1992 

Natural gas-fueled buses reduce urban air pollution levels. CNG 
fuel cylinders on the Orion Vi hybrid natural gaslelectric bus 
being developed [top) are roof-mounted. (Illustration courtesy of 
Ontario Bus Industries, Inc./Bus Industries of America, 1nc.j The 
Columbia Gas natural gas transit bus (bottom)'was introduced in 
the United States in 1989 and eliminates pollution equivalent to 
that of 80 cars. 

Among developing nations, the 
report identified the following 
megacities (listed from largest 
to smallest in population): 
Mexico City, Sao Paulo,,Tokyo/ 
Yokohama, New York, Calcutta; 
Greater Bombay, Shanghai, 
Jakarta, Buenos Aires, Rio de 
Janeiro, Seoul, Delhi, Cairo/ 
Giza, Karachi, Manila/Quezon, 
Beijing, Los Angeles, London, 
Bangkok, and Moscow. 
The combustion of fossil fuels 
in motor vehicles contributes 
significantly to the air pollution 
in the megacities, according to 
the study Gasoline- powered 
vehicles are principal sources of 
nitrogen oxides (NO,), carbon 
monoxide (CO), and lead, while 
diesel-fueled engines emit 
particulates and sulfur dioxide 
(SOJ, in addition to NO,. 
Ozone, a photochemical oxi- 
dant, is not emitted directly 
from combustion sources but is 
formed in the lower atmo- 
sphere from NO, and volatile 
organic compounds (VOCs), or 
reactive hydrocarbons, in the 
presence of sunlight. VOCs are 
emitted from a variety of 
manmade sources, including 
road traffic 

-s Adding to 
Pollation in Cairo 
In many developing countries, 
vehicle fleets tend to be older 
and poorly maintained, thus 
increasing their impact as a 
pollutant source. Cairo's air 
pollution is further exacerbated 
by its desert climate, traffic 
congestion, and low wind 
speeds. These factors contribute 
to the city's most obvious 
pollution problem, suspended 
particulate matter (SPM). 
Smoke emissions from cars and 
buses in Cairo were estimated to 
mount to lJ00 tons per year in 
1990. This is more than a 
Feuenfold increase since 1970. 
About 88% of these emissions 
:ome from cars. The impact of 
3PM pollution at roadside 
iocations may be severe. 

1 
Covec Smog blankets Cairo early in the morning (top photo), clearing by late aflernoon (bottom photo). 



Unfortunately, stringent control measures for traffic-related 
pollutants are absent in many megacities. In Cairo, smoke monitor 
ing began in 1973, and total SPM monitoring was initiated in 1985 
on a regular basis at various sites. But, with the exception of data 
from the city's three Global Environment Monitoring System 
stations, only annual mean data are available. Furthermore, no 
SPM emissions inventory is available for Cairo. HydroQrbOns 
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l N G v s D t ? l i ~ e r "  Clean Air  
The outlook for improving air quality in the world's megacities 
need not be bleak, however. The use of natural gas as a transporta- 
tion fuel can measurably reduce urban pollution levels, mitigating 
chronic threats to health and the environment. 
Natural gas is extracted from undergroundgeological reserves and 
transported to cities through an extensive pipeline network. An 
inherently clean fuel, natural gas is composed of at least 90% 
methane and small amounts of other hydrocarbons such as ethane, 
propane, and butane. Since methane is a relatively pure compo- 
nent, natural gas-fueled vehicles (NGVs) produce much lower 
emissions levels of COY NO, and hydrocarbons into the environ- 
ment when compared to gasoline or diesel fueL 
During natural gas production, the amount of energy per unit mass 
or unit volume (heating value) is measured. Compressed natural 
gas (CNG) is typically measured and sold as a transportation fuel in 
terms of mass (kilograms or pounds), energy units (therms), or 
gasoline gallon equivalents (calcuhted using either mass or energy 
content). Currently, a standard unit of measurement for CNG is 
being developed by the US. National Conference of Weights &Measures 
The Wobbe Number-the heating value of a given gas composition 
divided by the square root of the specific gravity-is important 
because it is proportional to the amount of energy that flows into a 
natural gas vehicle at a given pressure. Gas utilities closely monitor 
the Wobbe Number, and where possible, blend gases together to 
maintain a constant Wobbe Number for delivery to customers. 

mol% 
88.0% min 
6.0% max 
3.0% max . 
0.2% max 
mol % 
0.1% max 
O.l%max 
1 .O% max 
5.0% max 
DP >5.6"C below 
99% design temp. 

Composition of Natural Gas for Cairo Vehicles 

Natural Gas from: 

Nitrogen 
Carbon Dioxide 
Methane 
Ethane 
Propane 
Heatina Value 
(Btu/ft3, stp) 
(BtuAbJ 

~~ 

Abu Maadi Abu Quir Abu Ghardig 
(percent) (percent) (percent) 

0.385 0.17 0.5 I - 0.66 
0.688 0.53 2.83 - 4.00 

92.766 93.85 83.37 - 86.38 
4.1 17 3.23 10.18-8.13 
1.21 I 1.22 3.02 - 0.75 

1,133.7 I ,  132.6 1,132.0 
23,056 23,238 21,427 

Source: Research Department, EGPC. 

Proposed California Air 
Resources Board (CARS) 
Natural Gas Quality Standards 
for Commercial and Emissions 
Certification 

Besides being clean-burning, 
NGVs are economical to oper- 
ite and maintain. The current 
:ost of natural gas is lower than 
:hat of gasoline. Natural gas also 
:educes the vehicle's engine 
wear and noise level, extends 
agine life, and decreases 
mgine maintenance. 

m ~ c o n ~ e r s i o n s  
%able Use of Natural 
:as Fuel 
roday, about 700,000 NGVs 
)perate worldwide, the major- 
ty of them converted from 
poline or diesel fueL Conver- 
ion costs about 52,700 to $5,000 
)er vehicle, though the manu- 
acturer's extra price premium 
an range from S3,500 to 57,500. 
ho l ine  vehicles can be con- 

to a bi-fuel vehicle, 
vhich operates on either 
iatural gas or gasoline, or 
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to a dedicated NGY which operates only on natural gas. Conver- 
sion is easy, because NGVs employ the same basic technology as 
gasoline-powered engines. 
Diesel vehicles can be converted to operate on natural gas using 
three methods: spark-ignition conversion; dual-fuel conversion; or 
dedicated, spark-ignited, lean-burn conversions. Spark ignition 
technology is desirable for on-road applications where reducing 
air pollution is the primary purpose for alternative-fuel use. When 
combined with lean-burn technology, spark-ignited natural gas 
engines greatly reduce CO and NO, emissions. 
In the United States, manufacturers who wish to produce and 
certify alternative-fuel vehicles as clean-fuel vehicles must meet 
clean-f uel vehicle standards. Original equipment manufacturers 
(OEMs) are now selling a range of NGVs, including passenger cars; 
light- and medium-duty trucks; vans and minivans, school, transit, 
and shuttle buses; and non-road vehicles (e& forklifts, backhoes). 
Natural gas-fueled specialty buses and service vehicles are avail- 
able from at least 15 manufacturers. The NGVS carry OEM warran- 
ties, a critical consideration for switching to NGV?.. 

Chrysler Corp.3 1994 CNG minivan (above) and Argonne National 
Laboratory's demonstration CNG Dodge Ram van (below). 

DDC Series 50G Natural Gas Engine 

In addition, several manufactur- 
ers, such as Detroit Diesel Corp., 
Cummins Engine Co., and 
Caterpillar, Inc, have developed 
and introduced natural gas 
engines for transit bus and 
truck applications. For in- 
stance, Detroit Diesel is produc- 
ing the Series 30G and 50G 
dedicated natural gas, four- 
stroke overhead cam engine, 
derived from diesel engines. 
Spark-ignited, the engines use a 
lean-burn natural gas combus- 
tion process. 
Fleets-including city buses, 
shuttles, delivery or garbage 
trucks-are particularly well- 
suited for natural gas operation. 
Fleets travel fixed, limited 
routes daily and typically 
accumulate higher annual 
mileage than private vehicles. 
They also can be refueled 
conveniently at private, onsite 
€ueling stations owned and 
operated by fleet operators. 
Most operators report that their 
fleets exhibit good reliability 
and longer useful lifetimes. 
Length of time between tune- 
ups and engine rebuilds has 
increased as well. To ensure 

ever, manufacturer/converter 
maintenance recommendations 
must be followed Overall, 
using natural gas fleets can 
shorten the time it takes to 
improve air quality. 
Four Argonne staff members 
participated as consultants in 

optimum performance, how- 

3 



Fuel Cost Comparison between an AII-CNG Bus and a 
Diesel Bus in the Ravenna, Italy, 80-Bus Fleet 

CNG (lire/m3J Diesel (lire/ltJ 
Price at pump . 420 1.1 I2 
Price before tax 153' 430 
Consurnption/manuf. tax - 504 
VAT 19% 29 178 
VAT recoupment2 -4 -2 7 
Total tax 25 655 
Compression cost 20 
Fuel station investment3 50 - 
Total 70 - 
Grand total 248 1.085 
Cost per kilometre (lit/kmj4 124 543 
Annual cost (lireJ5 4,340,000 19,005,000 

'Arithmetic average of current rate time 
bracket 1 
2Calculation based on VAT recoupment 
of 15% 
Tost estimated on the basis of an in- 
vestment of 600 million lire with 2Gyear 
depreciation at 10% (70 million lire/ 
yearj, serving a ff eet of 80 buses 
'Experience justification efficiency per 
kilometre equivalence of one cum. of 
CNG to one litre of diesel fuel 
Tor a mean annualmileage of 35,000 
km, account has not been taken either 
of the incidence of the diesel fuel sta- 
tion investment or of minor mainte- 
nance costs in CNG operation 
Sources: Montanan R. "Running Pub- 
lic Transport Services with CNC-Fueled 
Buses.' Thermic Seminar. Milan, Italy, 
1992; SNAM. 

Economic Analysis for Bus Fleet Operation 

Natural Gas Fuel Units Case 1 Case 2 Case3 Case4 
Cost at boundary $/kg 0.20 0.20 0.18 0.18 
Total Compression cost $/kg 0.08 0.08 0.08 0.08 
Price at outlet $/kg 0.28 0.28 0.26 0.26 
Liauid Fuel Costs 
Diesel fuel at pump 
Petrol fuel at pump 

I Conversion Factors I 
Gas to liquid equivalentdiesel kggas/L 0.83 0.83 0.83 0.83 
Gas to liquid equivalent-petrol kg gas/L 0.74 0.74 0.74 0.74 
Gas efficiency equivalent % 95.00 95.00 95.00 95.00 
Equivalent cost of CNG $/L equiv. 0.24 0.24 0.23 0.23 
Differential. dieselCNG S/L 0.26 0.26 0.27 0.27 
Operational Factors 
Annual distance travelled km 40,000 40,000 40,000 40,000 
Diesel fuel economy VlOOkm 40.00 40.00 40.00 40.00 
Annual fuel substitution litres 16,000 16,000 16,000 17,600 
Cost of storage cylinders - 6,000 6,000 6,000 6,000 
Cost of vehicle conversion $ I0 ,OOO 10,000 10,000 I0,OOO 
Annual cost of cylinders, 10%. I5 yrs. 788.84 788.84 788.84 
Total conversion cost [year 1 J I 6,000.00 I 0.788.84 i0.7aa.84 10.788.84 
Savinas on Fuel SubstitutionNehicle 
Annual before-tax savings $/year 4.085.89 3.297.05 3,576.63 4,013.18 
Simple payback period year 3.92 3.27 3.02 2.69 

Source: Stephenson J. "Experiences in Public Transport The New Zealand Case." FAST European Seminar 
on Natural Gas as Fuel in Public Transport Vehicles, Milan, Italy. 1992. 
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the US. Agency for International Development/Cairo-funded CNG 
Feasibility Study for Cairo vehicles. The study identified dedi- 
cated CNG buses for the public sector in Cairo as the best environ- 
mentally friendly and cost-effective option. 

m z l  Gas Provides Safety 
As  a Transportation Fael 
Compared to gasoline- and diesel-fueled vehicles, natural gas 
vehicles are among the safest on the roads today The following 
unique characteristics of the fuel itself contribute to its safety 

A vapor that's lighter than air, natural gas dissipates into the 
atmosphere if leaked Liquid fuels, on the other hand, form a 
pool on the ground when leaked or spilled, providing increased 
potential for ignition. 

about GOOOF for gasoline, making natural gas much more difficult 
to ignite. Natural gas will burn only when the proper air-to-fuel 
ratio exists, so it will not burn in concentrations of air below 5% 
or above 15%. 

and is not carcinogenic, caustic, or corrosive 

The ignition temperature of natural gas is l,200°F, compared to 

Natural gas contains only minute amounts of toxic substances 

Unlike liquid fuels, natural gas will not contaminate groundwater. 

llDrcrabilrty a ~ a s t  
for Onboard Natural 
Gascylinders . 
When used as fuel for vehicles, 
natural gas is compressed to 
2,400 to 3,600 pounds per square 
inch in specially designed and 
constructed cylinders. The 
cylinders store CNG onboard 
the vehicl& Four types of 
cylinders are currently being 
manufactured in various sizes: 
steel,steelampite, aluminum- 
composite, and all-composite. 
Steel, steelcomposite, and 
aluminum-composite cylinders 
are usually made of steel or 
aluminum and covered with a 
strong composite material such 
as fiberglass. Allcomposite 
cylinders are made of a high- 
density plastic liner, with a 
carbon fiber and fiberglass or 
epoxy resin and fiberglass 
covering. Rigorous standards 
are applied to the manufacture 
of the cylinders They undergo 
periodic inspection and certifi- 
cation as welL 

Properties of Some 
Composites and Metals 

Specific Specific 
Material Strengths Modulus 
E-glass 2.86 1.10 
Sqlass 4.10 1.10 
Aramid 5.10 4.80 
Graphite 5.60 4.20 
Aluminum 0.80 1.00 
Steel 0.78 0.97 

he specific tensile strength-defined 
E the strength divided by the 
lensityjs given for several materials. 
/alues of specific tensile strength and 
nodulus are also included; these 
dues are a measure of the strength 
ier unit OF mass. The values.are 
liven in inches/l 06and inches/l O8 
espectively and are meaningful 
nainly for comparative purposes. 
;ource: Sinosh S.N. 'Light Weight 
:ulKomposite Cylinders for NGV 
\pplications.' 9th Annual A W N G V C  
Ionference , San Francisco, c4 199 I .  
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CNG cylinders are considered safer than those used to hold liquid 
fuels, which are made of thin sheet metaL The CNG cylinders are 
tested to 5,000 psi pressure and designed to withstand up to 7,500 
psi, severe impact, and high external temperatures. 

Quick-Fill System 

Timed-Fill NGV Fueling 

T 
Compressor Utility 

Meter 

Combination limed- and 
Qui&-Fill NGV Fueling 

Schematics courtesy of Thomason & Arsociates, Inc. 

w i g  options 
Cater to Customer Needs 
To refuel an NGY the fuel is 
dispensed through a sealed 
system, designed to allow 
natural gas to flow into the 
vehicle without leaking into. 
the atmosphere. NGVs can be 
refueled at quick-fill, timed-fill, 
or combination quick- and 
timed-fill stations. The type of 
station selected is based on the 
fueling characteristic of the 
vehicle or fleet and customer 
requirements. 
Quick-fill stations, as their 
name implies, refuel NGVs 
rapidly (eg? within 3 to 7 
minutes for cars and lightduty 
trucks). All public natural gas 
fueling stations fall into this 
category. Timed-fill stations are 
ideal for fleets returning to a 
central location for at least 6 to 
8 hours, during which time they 
are refueled The timed-fill 
stations can also conveniently 
fuel an individual vehicle at 
home or at a small business. 
Combination stations provide 
both types of refueling. (Also 
see table on costs on n m  page) 

E%NGvlndustry 
Standards Deuelbped 
In the United States, a number 
of organizations have devel- 
oped codes and standards to 
assure safe construction and 
operation of natural gas fueling 
stations, including the US. 
Department of Transportation, 
the National Institute of Stan- 
dards and Technology, the 
American Society of Mechani- 
cal Engineers, the American 
Society for Nondestructive 
Testing, the National Fire 
Protection Association, and the 
American National Standards 
hstitute (ANSI), among others. 
Two NGV industry standards 
are particularly noteworthy: 
NGVl pertains to natural gas 
€ueling nozzle and receptacle 
certification and has been 
approved by ANSL Another 
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ANSI-approved standard, NGV2, pertains to onboard fuel-storage 
cylinder certification. It is the only fuelstorage cylinder certifica- 
tion standard that applies specifically to vehicle fuel-tank usage 

Pollutant 
PM 

NOx 
co 
HC 

-&on M v e s  Nationwide Adoption of NGVs 
National and local laws often drive the use of clean-burning, 
alternative-fuel vehicles on a country's roads. In the United States, 
two federal laws promote alternative-fuel vehicles such as NGVs- 
the 1990 Clean Air Act Amendments (CAAA) and the Energy Poliq 
Act (EPACT) of 1992 Both laws recognize fleets as being uniquely 
suited for introducing new fuel and vehicle technologies and 

Bus Exhaust 
Emissions 

(gram/mileJ 

Diesel CNG 

3.32 0.12 

20.36 10.26 

20.85 0.03 

0.79 0.02 

Baseline 

Costs (in U.S. Dollars and Cents) for a Typical Public NGV 
Refueling Station 

~~ ~~ 

Equipment Specifications 
Compressor service pressure (inlet) 60 psi 414 kPa 
Flow capacity 219 SCFM 370 M3/h 

Horsepower 100 hp 75 k W  
Target cost of NCV gas .683/U.S. gal I8 c/L 
Equipment and installation costs ($US.) 

.. Number of storage cylinders 50 

Compressor 
Storage 
Dispenser 
Federal and state taxes 
Sub total equipment 
Engineering 
Shipping 
Mechanical installation 
Electtical installation 
Electrical utility charges 
Sub total installation 
Sub total contingencies 
Sub to51 
Overhead capitalization 
Total caDital costs 
Analysis of retail price 
Gas cost 
Compression cost 
Sub total target cost 
Electricity 
Dispensing 
Retail price 
Analysis of station capabilities 
Storage efficiency 
3perating daydyear 
Svailable refueling hours 
Zompressor utilization factor 
4nnual volume 

$ 130,140.00 
$22,575.00 
$30,874.00 
$ 1  1.015.00 
$194,604.00 
$8,600.00 
$6,020.00 
$ 17,200.00 
$ 17.200.00 
$1,720.00 
$50,740.00 
$8.600.00 
$253.944.00 
5 12.697.00 
$266,641 .OO 

0.35 1AJ.S. gal 9.26 c/L eq 
0.333AJ.S. aal . 8.79 c/L ea 
0.684AJ.S. gal 18 dLeq  
0.046AJ.S. gal 1.2 c/L eq 
.0146/U.S. gal ( 3.9 c/L eq 
.0875/U.S. gal 23.1 c/Leq 

24% 
356 days& 
12 hours/day 
0.6 
3 12,407 US.  aal/vr 1,184 kL ea 

Source: Technology Gap Analysis of CNG Refueling Systems, Gas Research 
InTtitute, Contract No. 5090-8 10-1 995, Chicago, IL 199 1. 

provide incentives for fleet 
owners. Both cover centrally 
fueled fleets where the fleets 
and the fueling station are 
located at the same site and 
owned by the same operator. 
And both apply to consolidated 
metropolitanstatisticalareaswith 
populationsof 250,OOOormore. 
The CAAA primarily seeks to 
improve air qality The 
Amendments introduced a 
comprehensive set of programs 
aimed at reducing pollution 
from motor vehicles. These 
include lower tailpipe stan- 
dards; more stringent emissions 
testing procedure, clean fuels 
programs; clean transportation 
provisions; and possible regula- 
tion of emissions from non-road 
vehicles. The CAAA applies to 
fleets with a minimum size of 
10 vehicles. 
The Energy Policy Act's pri- 
mary purpose is to increase US. 

use of alternative fuels. =ACT 
applies to fleets with a mini- 
mum size of 20 vehicles locally 

~ e r g y s e c u r i t y t b I O U g h i l l C r ~  
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and 50 vehicles nationally Beginning in 1993, it established sepa- 
rate requirements for different types of fleets and allowed only 
alternative fuels to be used to satisfy fleet requirements. EPACI' 
offers tax deductions up to 8100,000 to fleet owners installing 
alternative-fuel fueling capability 

This engine testing facility measures emissions 
from heavy-duty engines. 

Calculated Bus Emissions Based on Argonne's Methodology 
Measured Engine 

Emissions (g/bhp-h) 
CAAA limit, Calculated 
Transient Standard Engine, Bus Emissions 

Pollutant Test Basis 13-Mode Cycle I g m  
Particulates 0.05" 0.08 1 0.57 

Hydrocarbons 1.30 0.5 I 3.50 

Carbon monoxide 15.50 0.66 4.30 
Oxides of nitrogen 4.OOb 9.68 59 

a 1996 
b 1998 

Irlrgonne's centerfor 
Transportation Research 
Offers Expert GzpaWWes 
in Worldwide NGV 
Research, Testing and 
Demonstration 
Argonne National Laboratory 
offers expert capabilities in 
alternative fuels research, 
testing, and demonstration 
through its Center for Transpor- 
tation Research (CTR). One of 
the largest US. research and 
development laboratories, 
Argonne is operated by the 
University of Chicago for the 
US. Department of Energy 
(DOE). Argonne proactively 
transfers technologies proven in 
the United States to benefit the 
international community. 
The CTR is part of Argonne's 
Energy Systems Division, an 
applied science and engineering 
organization that evaluates the 
performance, economics, and 
environmental effects of 
advanced technologies and 
assesses the consequences of 
governmental policies. The 
Division has a staff of more 
than 100 engineers, physical 
and social scientists, and 
other professionals. 
The CTR focuses on a variety of 
passenger and freight transpor- 
tation problems and the impli- 
cations of proposed solutions. 
Funding for the Center is 
provided primarily through the 
DOE Other federal agencies 
and some private companies 
support the Center's remaining 
activities. Applied and develop- 
mental research is enhanced by 
an onsite and national network 
of libraries;computeried 
models, analytical techniques, 
data management systems, and 
technical information. 
h conducting NGV research 
and testing, the CTR works with 
AutoResearch Laboratories, Inc 
[ALII. A H  is an independent 
contract testing laboratory 
servicing the petroleum, 
automotive, and specialty 
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chemicals industries world- 
wide. ALI's engine testing 
facility encompasses fuel, 
emissions, and vehicle testing 
Instrumentation allows emis- 
sions measurements from 
alternative-fueled vehicles, 
including flex-fuel, alcohol, 
compressed natural gas, and 
reformulated gasolines. ALI is 
on the California Air Resources 
Board approved list and is 
recognized by the US. Environ- 
mental Protection Agency 
(EPA). It is also on EPKs list of 
"Private Laboratories Capable 
of Performing the Preliminary 
Emissions Screening Tests on 
Motor Vehicles for the EPA 
Retrofit Device Evaluation 
Programn 
The CTR operates a CNG 
fueling station at Argonne and 
conducts demonstrations of 
NGVs and other altemative- 
fueled vehicles powered by 
electricity, ethanol, methanol, 
and propane. 
For more information on 
Argonne's CTR and its capa- 
bilities, contact Raj Sekar, 
CTR/Building 362, 
Argonne National Laboratory, 
9700 S. Cass Ave., 
Argonne, E 60439, USA. 
(Phone: 708/252-5101; 
FAX: 708/2523443). 
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-e's Center for Transportation Research Staff 

Donald 0. Jobnsotr Deputy Director, Energy Systems Division, and Acting Director, Industrial Technology 
Center, Argonne National Laboratory Since joining Argonne in 1974, he has managed and conducted research on 
environmental programs in the UnitedSrates, Europe, and Asia. In 1994 he received an award from the US. Army 
for his group's activities in Germany and the United States Using Argonne's scientific and engineering expertise, 
he developed a model program for the 19%, combining a small business technology development company 
(Bradtec) with a largescale, privae sector firm (Rust Remedial Services) interested in applying demonstrated * 

technologies. From 197985 he worked for the Gas Research Institute and developed the environmental program 
for the natural gas industry. Hereceid his PhJ). in Geology from the University of Illinois in 1972 and did post- 
doctoral work in Morocco. , 

1 Lamy R Jobnson Director, Center for Transportation Research, Argonne National Laboratory As Director, 
he oversees research and assessment programs for advanced transportation technologies, including technology 
evaluations, economicand enviromentaldyses, policy studies, and experimental programs His own research 
has focused on policy analysis and the economic potentiai for energy-effiaent transportation technologies, 
including maglev systems, engineeredceramics, and alternative fuels Prior to joining Argonne in 1979, he held 
several positions in urban transportation plaMing and environmental analysis with the Tennessee Department of 
Transportation. He holds a PhD. in Public Policy Anatysis from the University of Illinois at Chicago and has both 
graduate and undergraduate degrees in Economics 

FrunkZinJ. Abimax He served a four-year term in Cairo as &ef-of-Party for the US. Agency for Interna- 
tional Development-funded Energy Policy and Planning Project The CNGportion was initiated during this 
period He has been associated with Argonne National Laboratory's Center for International Programs for 15 years 
He was a former Professor and Assistant Dean of Engineering at Cornell University, Ithaca, NY He holds an MS. in 
Hydraulics, Bucknell University, Lewisburg, PA. 

H Ruj Sekar. Mechanical Engineer, CTR Before joining Argonne National Laboratory, he worked with Cummins 
Engine Co. for over 15 years. He has extensive experience in the development, testing, and customer interfacing of 
new engines and components He managed several research programs in engine design and systems He holds an 
MS. in Mechanical Engineering, University of Wsconsia; an M.B.A., Indiana University 

1 Robert P. Larsen. Transportation Systems Engineer, CTR He is responsible for the alternatiye fuels and 
advanced engine programs at A r g o ~ e ,  including vehicle demonstrations, research on advanced alternative fuels 
engineand emissions technology, and coordination of alternative fuel engineering research competitions. His 
interest in alternative fuels covers engine, vehicle, and infrastructure technologies With Argonne for Is years, he 
has extensive experience in operating alternative fueled-vehicle fleets. Under his direction, Argonne operates the 
largest fleet of alternative-fueled vehicles in the US. Department of Energy system and has collected the largest 
data base on alternative fuel performance and energy efficiency in the United States He holds two Masters 
Degrees from the University of Wsconsin 

1 DaniloJ. SatrtinF Transportation Economist, CTR He is Section Manager of Environmental and Economic 
Analysis at CTR He has published research papers on the determinants of locations of major urban air pollutant 
emitters, the effects of using district heating to displace emissions from core areas to the periphery of major US. 
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Glossary of Terms 

Air-to-Fuel Ratio (AFR) 
The ratio of air volume to fuel volume. A 
specified ratio is necessary to achieve a 
desired character of combustion in a 
vehicle4 engine. 

All-tomposite Cylinder 
A cylinder with a plastk (nonmetallic) liner. 
reinforced with filament winding. 

AluminumComposite Cylinder 
Any cylinder with an aluminum liner that is 
reinforced with filament winding. 

American National Standards Institute 

The coordinating organization for the 
United States' federated national standards 
system. 

(ANSI) ' 

Barrel (Oil) 
A volumetric unit of measurement 
equivalent to 42 US. gallons. This is the 
unit of measurement commonly used to 
measure oil production and oil reserves 
within the United States. 

Bi-Fuel Natural Gas Vehicle 
A vehicle with an engine capable of 
running either on natural gas or some 
other fuel (usually gasoline). 

British-Thermal Unit (BTU) 
The quantity of heat necessary to raise the 
temperature of one pound of'water one 
degree Fahrenheit, from 58.5 to 59.5' 
Fahrenheit, under standard pressure of 30 
inches of mercury at or near its point of 
maximum density. 

Butane (C4Hloj 
A low-boiling paraffin hydrocarbon that 
resultr from nanrml gas production as well as 
from a pnxess used in petroleum refining. 

.. 
California Air Resources Board (CARS) 
The California regulatory agency respon- 
sible for air quality in that state. Several 
other states are also adopting CARB 
guidelines. 

Carbon (C) 
A nonmetallic element found as a 
constituent of coal, petroleum, asphalt, 
and other organic compounds. 

Carbureted Engine 
An engine that uses a carburetor to control 
the mixture of air and fuel. 

Carcinogenic 
A cancercausing substance or agent. 

Clean Air Act Amendments of I990 

Federal legislation that seeks to improve air 
quality in the United States. The ch%4 
recognizes fleets as being uniquely suited 
for introducing new fuel and vehicle 
technologies. It allows the use of 
alternative fuels, as well as reformulated 
gasoline and clean diesel fuel, as long as 
fleet vehides meet the ch%4 cleamfuel 
vehicle emissions standards. 

Clean Fuel 
A vehicle fuel that produces lower tailpipe 
emissions than traditional fuels such as 
gasoline or diesel. 

Closed-loop System 
A conversion system that uses a feedback 
system to monitor and adjust engine 
performance. 

Dedicated Natural Gas Vehicle 
A vehicle that operates only on natural 
gas. Such a vehicle is incapable of 
running on any other fuel. 

Dual-Fuel Vehicle 
A vehicle that runs either on diesel fuel 
only, or on diesel fuel and natural gas 
simultaneously. In a dual-fuel vehicle. the 
combmion of the diesel fuel serves to 
ignite the natural gas. 

Energy Policy Act of 1992 (EPACTJ 
Federal legislation passed in 1992 
designed to reduce America4 dependence 
on foreign oil. 

Environmental Protection Agency 
(EPAJ 
The US. agency charged with setting 
policy and guidelines for the protection of 
national interem in environmental 
resources. 

Ethane [CzHq 
4 colorless hydrocarbon gas of slight odor 
having a gross heating value of 1,773 BTU 
per cubic foot. It is a normal connituent of 
natural gas. 

Gas Mixer 
4 device used to determine how much 
latural gas is mixed with air before 
mering the engine. 

Gasoline Gallon Equivalent (GGE) 
4 proposed unit for measuring com- 
Jrwed natural gas sold at public fueling 
itatiOnS. 

Gross Vehicle Weight (GVW) 
\/laximum weight of a vehicle, including 
Jayload. 

Heavy-Duty Vehicle 
Wording to the US. Environmental 
yrotection Agency, a heavy-duty vehicle is 
my vehicle weighing 8.500 pounds gross 
&tide weight (gwv) or more. In California, 
&tides weighing more than 14,000 pounds 
JWN are classified as hermyduty vehides. 
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High-Pressure Fuel tine 
The fuel-piping system that travels from thc 
onboard fuel-storage cylinder(s) to the 
regulator on a natural gas vehicle. 
Pressure in a high-pressure fuel line may 
reach up to 3,600 psi. 

HoopWrapped Cylinder 
A metaHined cylinder that is reinforced 
with drcumferentlal filament winding in 
the straight slde wall. 

Hydrocarbon (HCJ 
A chemical compound composed of 
carbon and hydrogen. 

lndolene 
The fuel used to certify gasoline vehicle 
emlssions. 

Lean-Bum Combustion 
Engine combustion optimized for a lean 
fuel-twir mixture, usually with high 
turbulence to offset the low flame speed 01 
such mixtures. 

Ught-Duty Vehicles 
According to the US. Environmental 
Protection Agency, a lightduty vehicle is 
any vehicle weighing 8.500 pounds gross 
vehicle weight [gvw) or less. In California, 
vehicles weighing less than 6,000 pounds 
gvw are classified as lightduty vehicles. 

Liquefied Natural Gas [LNG) 
Natural gas that has been liquefied by 
reducing in temperature to -260 
Fahrenheit at atmospheric pressure. In 
volume at standard conditions, it occupies 
1/600 that of natural gas as a vapor. 

Liter (Y 
A metric measurement used to calculate 
the volume displacement of an engine. 
One liter is equal to 1.000 cubic centime- 
ters or 6 1 cubic inches. 

Methane (CHy 
The first of the paraffin series of hydrocar- 
bons, and the chief constituent of natural 
gas. Pure methane has a heating value of 
I ,O 1 2 ENS per cubic foot. 

Methanol [CHzOHJ 
An alcohol fuel usually made from natural 
gas or coal. 

National Ambient Air Quality 
Standards (NAAQSJ 
Legal limits specifying the maximum level 
and time of exposure that can occur in me 
outride air for a given air pollutant mat is 
protective of human health and public 
welfare. NMCS are standards that must 
be met in accordance with U.S. Environ- 
mental Protection Agency requirements. 

Nitrogen Oxides [NO,J 
A general term pertaining to compounds 
of nitrogen oxide [NOJ, nitrogen dioxide 
[NOz], and other oxides of nitrogen. 
Nitrogen oxides are typically created 
during combustion processesand are 
major contnbutors to smog formation and 
acid deposition. NO2 is a critetia air 
pollutant and may result in numerous 
adverse health effects. 

Nonmethane Organic Gas (NMOGJ 
Nonmethane hydrocarbons, plus other 
organic spedes such as aldehydes and 
alcohols, which are not measured as 
hydrocarbons in current test procedures. 

Nozzle 
The device on a natural gas fueling 
dispenser that connects to a receptacle 
onboard the vehicle and allows fuel to 
flow into the onboard fuektorage 
cylinders. .. 
Onboard Computer System 
A computerized system on some vehicles 
that monitors and adjusts engine 
performance. 

Original Equipment Manufacturer 

nle original manufacturer of a vehicle or 
engine. 

P E W  

Ozone (O3J 
e, odorous, pale blue. reactive toxic 
Ihemical gas consisting of three oxygen 
3toms. Ozone is a product of the 
Jhotochemical process involving the suns 
merg. Ozone exists in the upper 
mosphere ozone layec as well as,at the 
sarth's surface. Ozone at the earths 
;urface causes numerous adverse health 
sffects and is a cn'teria air pollutant. It is a 
najor component of smog. 

'ropane (C3HsJ 
!gas whose molecules are composed of 
hree carbon and eight hydrocarbon 
itoms. Propane is present in most natural 
jas in the United States and is the first 
iroduct refined from crude petroleum. 
'ropane contains approximately 2,500 
mJs per cubic foot. 

luick Fill 
lefers to the process of fueling a vehicle 
vith natural gas in approximately the 
ame time it would take to fuel the same 
ehicle With liquid fuels such as gasoline or 
liesel. 

!eactive Hydrocarbons 
lydrocarbons that react with NOx in the 
tmosphere to produce ozone. These are 
'enerally considered to include all 
ydrocarbons other than methane. 

Receptacle 
The device onboard an NGV that allows 
natural gas to fiow into the onboard fuel- 
storage cylinders 

Reformulated Gasoline 
Gasoline that has been chemically 
reformulated to reduce or eliminate one or 
more toxic substances as spedfied by the 
US. Environmental Protection Agency. 

Regulator 
The component in a conversion system 
that reduces the preaure of the fuel. 

Shut-Off Valve 
Avalve that is usually located between the 
onboard fuel-storage cylinders and the 
regulator: This valve usually has a manual 
shut-off feature. 

Solenoid Valve 
A valve mat controls the flow of natural 
gas in a natural gas vehicle. 

Steef-Composite Cylinder 
b y  steel-fined cylinder with filament 
minding which is always hoop wrapped. 

railpipe Emissions 
EmiSnons resulting from engine operation 
3mt exit through a vehicle& tailpipe system. 

merm 
9 unit of heating value equivalent to 
100,000 British Thermal Units [BTUs). 

rhousand Cubic Feet [MCF) 
me quantity of natural gas occupying a 
iolume of01.000 cubic feetat a tempera- 
ure of 60 Fahrenheit and at a pressure of 
14-7311 00 pounds per square inch 
ibsolute. 

Iimed-Fill 
\ method of fueling a vehicle with natural 
jas over an extended pen'od of time. 

bxic Substance 
\generic term referring to a harmful 
ubstance or group of substances. 
Lpically, these substances are especially 
iarmful to health, such as those consid- 
ired under the US.  Environmental 
'rotedon Agency$ hazardous substance 
Irogram. Technically, any compound that 
BS me potential to produce adverse 
iealth effects is considered a toxic 
ubnance. 

khicle Conversion 
etrofitting a vehicle engine to run on 
atural gas. 

rhii glossary was reprinted with 
emission from An Informational Guide 
>Natural Gas Vebick, 1994.) 
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