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Economic Analyses

Section 1.0 Executive Summary

Several potential types of vehicles that may offer opportunities fot economically attractive CNG

1-1Cairo CNG Vehicle Feasibility Study
Fmal Report

Datex, Inc.

The study team concluded that, in general, the use of new, dedicated CNG engines was the mosttechnically certain and economically attractive approach for the bus fleet and the truck fleet. Forpassenger cars and light trucks, bi-fueloperation offers the best financial return compared todedicated eNG approaches. The conversions are considered technically feasible, if associatedwith comprehensive engineering and pilot phases, thorough training, and the establishment ofnecessary institutional capacities, including development of safety standards, regulations,certification procedures, ano inspections.

This report presents the results of an analysis of the feasibility of using compressed natural gas(eNG) in vehicles in Cairo. The purpose of the study is to help identify portions of the Cairovehicle population that could be converted economically to operate on CNG, to describerequirements, and to assess economic and environmental benefits. Technical, financial,economic, environmental, institutional, and policy considerations hav~ been included in theanalyses. No project design related activities have been performed by the Datex study team.

Conversion of Deets of passenger cars and light duty (pickup) trocks were evaluated basedon assumotions of some typical conditions. It was shown that these vehicle conversions cannotgeneraUy be justified economicaUy because of their relatively low usage rates, high fueleconomy, diversity of engine type, and cost of conversion. However, the economic evaluationresults were not strongly negative even for these vehicles, indicating that incentiv~ could bedeveloped to encourage conversion of a portion of them, especially in fleet applications.

Analyses indicate that use of eNG iii the Cairo Transport Authority (CTA) bus fleet isattractive economically. A number of sensitivity analyses confirm that conversion of this busneet would be ecor..omica1ly viable even if actual conditions were significantly different thanclSsumed in the base case. Internal rate of return on an investment of approximately L.E.128million was estimated to be about 45 percent for the base case, and in the range of 23 to 90percent for all conditions evaluated in the sensitivity analyses. Simple payback periods werefound to be in the three to five year range for most conditions. Installation of new, dedicatedeNG engines was shown to be most attractive, but dual fuel (both open loop and closed loopc;ontrolled) and bi-fuel retrofits would also be positive investments.

Analyses of eNG conversion of a fleet of h--~vy d~ty delivery trocks for the Cairo Beverageand lndustrial Company indicate marginal economic returns: If.::sS than the 10 percentdiscount rate assumed. However, sensitivity analyses show that, under some conditions,conversions can be economically viable. For instance, a fleet-owned refueling station cannotbejustified fOf the delivery truck fleet. However, if the truck fleet could use an existing fuelingstation, then the rate of return is estimated to be over 40 percent.



Policy Issues

Environmental Analysis

conversions, including taxis and microbuses, were not evaluated because of the lack of datacharacterizing their operation. It can be e~pected that their higher daily usage rate would causethem to be better candidates than typical passenger cars.

1·2Cairo eNG Vehicle Feasibility Study
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The economic analysis indicated that imptJrtlexport balance benefits, environmental benefits, andthe financial savings, of its citizens combine to make eNG use in vehicles attractive to Egyptiansociety as a whole. In that light, the Government of Egypt can take several steps to provideadditional incentives to encourage eNG vehicle conversions. The tirst involves the eNGrefueling infrastructure, which always represents a significant portion of the total investment ina conversion program. Vehicle owners will not convert to CNG unless they feel confident inthe convenient availability of the fuel. The Government could encourage CNG conversion byoperating or facilitating third party ownership of refueling stations.

Most of the economic analyses in this study were performed assuming that the fleet owner wouldalso be tIl'.: refueling station owner and rates of return were based on the total cost for vehiclesand stations. However, the refueling station could be owned and operated by a third party whocould make a profit on the sale of the gas to give them an equivalent rate of return. Thestations' selling price of natural gas must be carefully calculated to ensure a balance of financialreturn for both the station owners and the vehicle owners.

The GOE could provide incentives for CNG vehicle conversions through several othermechanisms: by reducing the cost 0f natural gas to the transportation sector; placing extra taxeson certain new, non-CNG vehicles ,-such as buses); reducing import taxes on eNG componentsand vehicles; providing high pressure gas distribution lines directly to refueling station locations;or providing land for refueling stations. To be effective, some of these measures would requirethat any resulting capital cost savings by the station owner be passed through to the vehicleowners in the form of reduced natural gas prices charged.

The environmental analysis performed for the CTA bus fleet case indicates that environmentalcost benefits are equivalent to a range of approximately 10 to 20 percent of the total fuel costsayings, depending on the specific options chosen. The greatest concentration reduction benefitsto be realized in any CNG conversion program beyond simple dual-fuel retrofit of diesel busesare in PM10 and sulfur oxides, with the potential for modest carbon monoxide reduction a minorsecondary benefit. Based on a significant number of assumptions made in the absence ofconfirming research. the team estimated conservatively that conversion of the crA bus fleet tonatural gas could eliminate between one and ten latent cancer fatalities out of every 10,000 peryear among longtime Cairo inhabitants. Other environmental benefits are also discussed in thereport.



Recommendations

Institutional Analysis

Economic Analysis Methods
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• Program Planning, Coordination and Evaluation
• Coordination with Transportation Requirements
• Coordination with Natural Gas Supply System
• Physical Connection to the Natural Gas Supply System
• Establishment of Safety Standards
• Establishment of Safety Regulations, Licensing and Certification Procedures• Initial and Periodic Inspection of Vehicles .
• Initial and Periodic Inspection of Stations
• Conduct of Air Quality and Transportation Research
• Conduct of Emissions Testing
• Development of a Public Awareness/Information Campaign
• Publishing Program Reports
• Implementation of a Broad Training Program

. • Evaluation of Acceptance by Participants
• Conduct of CNG Vehicle Feasibility Studies for Oth'~r Fleets
• Coordination and Support of Industries for Local Manufacture of CNG SystemComponents
• Physical Conversion of Vehicles
• Operation of Filling Stations
• CNG Fleet Operation

Datex, Inc.

Institutional requirements associated with the following types of activities we1"e identified:

Economic analyses were performed using a flexible model developed specifically for this projecton a Macintosh version of EXCEL spreadsheet software. In addition to the rate of return themodel reports benefit/cost ratio, a summary of cash flow from which payback can bedetermined, and net present value. The model calculates dollar equivalents for environmentalbenefits of pollution reduction for each scenario. The mood also predicts total impact on thecountry's import/export balance. The analysis for the Cl'A bus fleet was conducted on anindividual bus garage basis. Results for the whole fleet w(!~re extrapolated from that data.

A review of institutional requirements was conducted. An initial estimate is that theimplementation of CNG operations in the public bus ·fleet only, not to expand CNG use
el~where, will involve approximately 50 new personnel positions across all participatingcgypti:m organizations. Training requirements were also estimated and provided in the report.

The crA bus fl,..~t should be converted to CNG operation" Any conversion program should becarefully designed and should include a comprehensive en/~ineering phase, as well as a thoroughpilot phase to ensure successful operation. A comprehensilve training program is need(~ as well.



The following approach is recommended.

b. New engines: Each year the CTA purchases approximately 300 to 500 new
engines for their bus fleet. These engines shnuld be new dedicated eNG engines.Some slight re-engineering of the buses may be necessary to mount the new
engines. These engines could be either specially engineered for CNG and
assembled in Egypt or U.S. CNG engines.

d. Refueling stations: Using the approaches listed in a, b, and c above, the
introduction of CNG can occur at a fast pace. Thus, the time before the fueling
stations would be heavily used would be short. Also, if the refueling stations can
be configured and made accessible to other vehicles or fleets for daytime filling,
the investment made in the stations can be reduced and more fleets, including
bus, truck, and light duty vehicles, can be economically converted.

II
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There is evidence that dual fuel convetsion of existing diesel buses is not
attractive from the standpoints of fuel et'.:onomy, field operation of the engines,
and emissions when compared to dedicated natural gas engines. It might be
worthwhile, therefore, to test, select and install appropriate conversion kits to
operate some diesel engines manufactured in Egypt as dedicated retrofit engi!1es.

The pilot project should be planned and implemented as a regular revenue

a. New Buses: Each year the eTA purchases approximately 100 to 200 new buses
depending on the available budget. These buses should be dedicated CNG
vehicles. This may require I~he purchase of new dedicated CNG engines by a
public sector company such cu, NASCa or a CTA garage shop or a private sector
company to install in the new buses, and some slight re-engineering of the buses.Some relatively inexpensive C'NG engines are available in the American market,
such that the incremental cost for a CNG bus should be small.

c. Overhauls: Currently, after a new diesel engine has been in service five years,
it is overhauled every yeaI'. This overhaul costs L.E.20,OOO. Purchase of new,
dedicated CNG engines instead of overhauling old diesels appears economical.
If need for an overhaul in a bus can be eliminated for two years by using the new
CNG engine, L.E.40,OOO can be saved, which would cover the majority of the
new engine costs.

e. Pilot program: As part of the eNG bus conversion program, the Ministry of
Petroleum, Egypt Gas, the Egyptian CNG Committee, CTA, GCBC, EEAA, and
USAID should include an operational pilot program preferably at one garage
located close to a 30 bar natural gas line. If the gas in the high pressure line
comes from the Abu Maadi and/or Abu Quir gas fields, then the cost of the
compressors and fuel cost of compression will be less and the quality of the gas
would meet the most stringent sp'.x:ifications for natural gas engines.

Datex, Inc.



• The design of the initial fleet conversion program should be begun.

Next Steps

earning project to maximize the value of engineering, economic and emission data
can be generated.

J:>
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• Several types of vehicles and fleets that could be potentially viable CNGconversion opportunities were not evaluated because adequate data were not
lvailable within the time limitations of this study. Study of additional fleets
should continue. Examples of several candidates for early investigation are the
Greater Cairo Bus Company publi.: transit fteet, the bus fleets of the large
industrial companies, and the microbus fleet.

• The economic analysis model developed for this study should be documented and
refined to maximize its value for analysis of other Egyptian fleet conversions and
to SLpport dc::v~lopment of the national strategy and initial program design.

• A study should be performed to refine the environmental cost component of the
economic mooel. The analysis was based on recently developed values for the
cost of emissions of various pollutants in the U.S. These values were then
decreased for application to Egypt based on the ratio of Egyptian GOP to U.S.GDP. This simple proportioning of costs may underestimate benefits to Egypt.

• A detailed analysis of the long term natural gas pricing structure as applied to thetransportation sector should be performed. The success of the eNG conversionprogram hinges on the long term stability, or at least predictability, of fuel prices.

• The Ministry of Petroleum has recognized that Egypt should develop a nationalstrategy for conversion of portions of the transportation sector to CNG. This
strategy may focus initially on Cairo, but may appropriately include eventualexpansion of the eNG fueling station infrastructure beyond Cairo.

• A major effort for the development of safety standards and an equipmentcertification program should begin early to ensure that unsafe equipment orprocedures are not used. Failure or accidents early in the program due to
improper equipment or procedures could seriously jeopardize acceptance of theprogram.

• An emissions testing facility should be established quickly to provide information
for refinement of the program design, for program evaluation, for establishment
of standards, and for emissions certification tests.

Datex, Inc•.

Based on the results of this study, the following actions are recommended as reasonable nextsteps:



• Liquified Natural Gas (LNG) vehicle technology is very similar to eNG
technology. LNG offers the advantage of significantly reduced in-vehicle storage
weight and space. An investigation of LNG use was not within the scope of this
study, but may be wonhwhile as part of a long term strategy.

Datex, Inc. Cairo eNG Vehicle Feasibility Study
F"mal Report
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Section 2.0 Introduction

2.1 Purpose and S-:ope
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'This report pre~nts the results of an analysis of the feasibility of using compressed natural gas(eNG) in vehicles in Cairo. The purpose of the study is to help identify portions of the Cairovehicle population that could economically be conv~Hed to operate on eNG, to describerequirements, ~jti to aS~3S economic and environmental benefits. The Egyptian Government isinterested in the potential application of this technology and USAID is considering CNG use invehicles as a component of a program to address the poor air quality in Cairo. Other donoragencies have also expressed interest in the technology for use in Cairo. Accurate informationis needed to determine appropriate future steps for adopting CNG vehicle technology on a broadscale. Obviously, much additional analyses and planning must be performed to beginimplementing a program. Thi~ study is a first effort to determine where to begin and to scopethe magnitude of the b~nefits.

The report is nct focused on strategy for expanding the eNG vehicle fleet. :Jthough somerecommendations based on the fmdings are made. By strategy, we mean the prioritization andsequencing of steps that Egypt should take to implement a broad program of CNG use invehicles or where initial capital should be spent. For selected portions of the total vehiclepopulation, the report describes requirements and feasibility. Some measures and policies thatcould help encou!'3ge the widespread adoption of CNG are identified.

Technical, financial, economic, environmental, institutional, and policy considerations have beenincluded in the analyses. No project de;sign related activities have been performed.

No alternative methods for improving air quality in Cairo are discussed at length. There aremany sources of pollution that affect the quality of ambient air in Cairo. Different types ofeconomic activity in and around Cairo are contributors to the poor air quality. The majorpolluters within the Governorate of Cairo, Kalyoubia and Giza are the following: industries andthe power plants in Shubra El Khema; the cement factories and other heavy industries inHelwan; lead smelters and the lead in the regular gas(lline; occasional dust storms; the burningof garbage within city limits; and emissions from trucks, buses, passenger cars, andmotorcycles. One must remember that the transportation sector is only one source of airpollution in the city. Within the transportation sector, alternative fuels are one of many potentialapproaches to reduce emissions. Similarly, r:ompressed natcual gas is one of several alternativefuels being investigated and used in various places around the world. The scope of work for thisanalysis does not include a comparison of the effectiveness of CNG use in vehicles versus otherair quality measures.

This study is based on the assumption that adequate natural gas is available to apply to thetransportation sector so that natural gas supply is not a limiting factor. A brief summary of thenatural gas resources and a discussion of natural gas pricing and the impact of supply isprovided.



2.2 Background

Four factors have led to an interest in adopting eNG vehicle technology in Egypt.

A tbird factor leading to an interest in CNG vehicles in cairo is a shift of emphasis within theU.S. Agency for International Development. Greater emphasis is now placed on environmentalissues in the criteria used for selecting developmental projects in nations receiving aid. This is
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However, gasoil prices - the prices paid by diesel fueled commercial vehicles and publictransport buses - continued to be subsidized through the early 1990s, and growth in demand forthis product continued to exceed the overall demand for petroleum products. Other heavyproducts (diesel and fuel oil) also continued to be subsidized. Prices faced by consumers ofgasoil, diesel, and fuel oil will rise sharply by June 1995, and are already increasing rapidly.Accordingly, owners of vehicles making use of gasoil as a fuel will inevitably be doing c~efulreevaluation of their vehicle technology and fuel choices in the next year or so, examining themerits of either greater fuel efficiency, fuel switching (to gasoline or natural gas), or both.

First, annual additions of proved reserves of natural gas in Egypt helve spiked upward since1992, increasing by more than 50 percent in that time frame [(The Economist Intelligence Unit,1994; Abdel-Hakim, Feb. 1993; Tawila, Oct. 1993). (See list of publications in the Appendix.)]This upward spike in gas reserves followed a several year expansion of proved gas reserves from1985 to 1990 amounting to a 75 percent cumulative increase. Gas com;umption did not keep upwith the expansion in reserves, increasing by only 66 percent during the same time interval.The recorded expansion of proved reserves since 1992 has been great but less than the doublinganticipated (Tawila, Oct. 1993, p. 11). Proved oil reserves, in contrast, have remainedrelatively stable since 1975, while oil consumption increased by 144 percent from 1975-85, anda total of only 11 percent from 1985-91 (Abdel-Hakim, Feb. 1993). The demonstrated andanticipCl,led increases in natural gas reserves led to a desire to assess the development of potentialnew markets for natural gas, transportation being "on the top of a list of new applications"(Tawila, Oct. 1993, p. 22).

Second, Egypt has agreed to remove subsidies of petroleum products and bring the weightedaverage of Egyptian petroleum product prices up to 100 per~ent of world prices by June 1995,and to set bulk natural gas prices at an international fuel oil equivalent price by the same date(World Bank, June 1991). Egypt had already r~ognized that the long-term rates of expansionof the demand for petroleum products would not be sustainable without a need to import crudeoil in the future. The price of gasoline was increased to levels higher than world prices in thesecond half of the 1980s, and annual price increases near ten percent were cut to less than onepercent for the 1985-91 period.

The phrase "CNG conversion" at the program level may at times be confusing. Throughout thisreport, the phrase is taken to mean adoption of CNG use in vehicles, whether by "converting"or retrofitting existing vehicles with modified engines or engines built originally to use CNG,or by purchasing new vehicles built to use eNG. The reader is urged to take careful note ofthe specific approllches being discussed at various points within this dlxument.



2.3 Approach

a relatively recent development coinciding chronologically with the expansion of Egypt's naturalgas reserves. Considerablle world-wide research has been conducted to determine the pollutionfrom engine emissions using different fuels. This research was used to establish nationalpollution standards for auto emissions in various countries. Natural gas has been identified asone of the less polluting alt,ernative fuels.

The overall duration of this feasibility study was approximately six months. The effort beganwith a data gathering phase of several weeks duration beginning in late April, 1994. A team offive individuals visited Cairo at various times during different portions of the data gatheringphase, each individual staying fmm two to five weeks. Numerous personnel in Egyptianorganizations and USAID were interviewed and sites visited. A list of persons interviewed isprovided in an Appendix. Several members of the team returned to Cairo in late July 1994 towrite the draft report. Comments were received from a number of reviewers and mostcomments are reflected in the final report.
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A specialized economic model was developed to permit rapid evaluation of the internal rate ofreturn and other economic and financial parameters. Evaluation of all portions of the Cairovehicle popUlation is not possible in this type of study, so a strategy was chosen in which datawere gathered on the total vehicle population and those data were screened to identify thoseportions for which CNG conversions were most likely to be feasible. For instance, most CNGconversion programs around the world have focused on conversions of specific vehicle "fleets."Cairo has been found to have a limited number of true fleets operations, with central owneishipand maintenance that return to a centrnl base each day. The public bus fleets are one example

Finally, the fourih factor is an increasing worldwide effort toward consideration of naturnl gasas an economically viable and environmentally friendly transportation fuel. The phenomenonin Egypt - greater addition of gas reserves to the hydrocarbon reserve base than of crude oil is a worldwide phenomenon. Attempts to find oil in geologically promising areas are frequentlyleading to discoveries of gas instead. This is resulting in a relative excess of natural gasworldwide. In locations whe~re the natural gas discoveries are close to major urban areas.natural gas is often economically competitive with crude oil, and is given careful attention as asubstitute for oil. Examples ,are the north island of New Zealand, the province of BritishColumbia in Canada. the Po Valley area of Italy, Perth in western Australia, and Santiago,Chile. In addition, nations concerned over the long-term availability of petroleum also haveadopted pro-natural gas policies promoting the use of natural gas even when it is not currentlyeconomically justified on the basis of tax equivalent pricing. Most of the U.S. and easternprovinces of Canada fall in this category. An important consideration furthering thedevelopment of natura! gas vehicles in eastern Canada and the U.S. is a concern over theemissions of gasoline and diesel fueled vehicles. Natural gas industries, research institutions,and government bodies have all contributed to the development of natural gas technologies whichare considerably cleaner than current vehicles fueled by petroleum products. Thus, natural gasengine and fuel system technology and vehicle de.C!ign experience are available for Egypt to usefor development of appropriate n,atural gas vehicles.



2.4 Report Organization

The In.::titutional Requirements evaluation presented in Section 9 discusses the functions and
activities necessary to support a CNG conversion program. Estimates of manpower and training
required are included. Finally, Section 10 summarizes the conclusions and recommendations
of the study team based on the data gathered and analyses performed. The Appendices contain
much useful information to support the various sections of the report and document data
gathered.

of a true fleet operation in Cairo. Similarly, some companies have relatively large fleets of
deliver! trucks that have standard delivery runs and operate from a central facility. Some large
industries have fleets of buses for their employees. This is not to say that only vehicles
operating under this strict definition of a "true fleet" are candidates for operation on CNG.
However, it is not within the scope of this effort to evaluate every company's fleet. Thus, the
approach taken was to perform detailed evaluations of a selected set of applications and include
sensitivity analyses for significant parameters to permit the reader to draw conclusions for a
much broader range of applications.

2-4Cairo CNG Vehicle FeasibWty Study
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A brief summary of CNG vehicle technology, Section 3, follows this Introduction. In Section
4, we provide data describing the general vehicle population in Cairo and the vehicular fuels
situation, focusing on the natural gas supply. In the Statement of Work and during our
discussions in Egypt, several topics were identified as requiring special attentinn and are
discussed in subsequent sections. In Section 5, we summarize information on several of these
topics, such as "safety," which of necessity are also touched upon throughout the report. In
Section 6, we describe the vehicles that were selected for detailed study. More than ten specific
"options" have been selected for detailed analysis. These selected options are evaluated in the
economic analysis of Section 7. Many conclusions are discussed there, many additional nuances
and interesting relationships resulting from the outputs are apparent through review of the tabular
output summaries. The range of environmental consequences likely to result from conversion
to CNG is discussed in Section 8. The environmental benefits resulting from conversion of the
public bus fleet are discussed to provide a perspective on the magnitude of effects likely to
result.



3.1.1 Experience Worldwide

Section 3.0 Summary of CNG Vehicle TEChnology Starns

3.1 Experie[l~e with CNG Fleet Vehicles
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City & Regional Transit Systems In Netherlands

80 Diesel Bus Fleet PartiaUy Converted to CNG for Town Service in
Ravenna, Italy

Datex, Inc.

This conversion project was implemented purely for environmental reasons. A three yearenvironmental protection study of the city revealed atmospheric and noise pollution as theprincipal areas of concern. A Ministerial Decree approved the operation of eNG vehicles inRavenna. The project was designed to reduce the noise and air pollution levels and todemonstrate cost savings. The following \!able provides the data on operating the buses that hadtravelJed an average annual distance of 35,000 Km. An energy equivalence of one mJ of naturalgas for one Liter of diesel fuel was used for the analyses.

In reviewing previous experience, one must distinguish between "Demonstration Projects" andfleet vehicle operations set up as "Revenue Operation Projects". Demonstration projects areplanned to test and prove specific i~sues. Under revenue operation projects, the vehicles are putinto actual service on established routes and are designed to generate income from passengerfares and incur actual field and maintenance costs from the service. Since other (diesel) buseswill be operating the same routes, this approach offers a better comparison of two types of fleetvehicles operated over a long period of time.

The torque of the converted bus was lower than the original diesel vehicle because the engineswere tuned for low NOll emissions. The project reported the following problems after thevehicles had accumulated 380,000 Ian and 340,000 kIn respectively on the regional and city .
ro~tes:

The use of natural gas as an alternative fuel to diesel and gasoline began in the 1930s. Today,there are about 700,000 natural gas vehicles world-wide. There are approximately 235,000 inItaly, 200,000 in the Newly Independent States (the former Russia), 100,000 in Argentina,30,000 in the United States, and 26,000 in Canada.

The Central Netherlands Gas company converted eleven diesel buses to operate on CNG. Duringthe second stage of the project, an additional seven CNG buses were put in service, five in onecity and one each in two other cities. The buses were fitted with II eighty liter cylinders givinga range 384 Ian fer the regional bus and 315 Ian for the city bus. The conversion to CNGincreased the vehicle weight by 1200 kg. The fuel consumption increased by 24 percent partlybecause of the incr~se in the weight of t~e bus.

3.1.1.2

3.1.1.1



Exhibit 3.2 compares the emissions from the diesel and eNG vehicles operating the regional and
city routes.

Exhibit 3.1 Fuel Cost Comparison B,Qtween an all eNG and a Diesel Bus in the
Ravenna 80 Bus Fleet

(Source: Montanari R. 1992)

• Twenty incidents of backfiring resulting from lean mixtures or from ignition
defects;

• Thirty incidents of malfunction in the Gas controlled system causing changes in
idle speed; ann

• On fifty occasions the electromagnetic valves malfunctioned which were caused
by NG condensates and/or compressor oil in the system.
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eNG (/ire/m 3 ) Diesel (/irel/t)
Price at Pump 420 1,112
Price before tax 153 (1) 430
Consumption/manufac\.uring tax --- 504
VAT 19%

29 178
VAT recoupment (2) -4 -27
Total Tax

25 655
Compression 20 ---
Fuel station investment (3) 50 ---
Total

70 ---
Grand Total 248 1,085
Cost per kilometre (Iit/km) (4) 124 543
Annual cost (/ire) (5) 4,340,000 19,005,000

(1) Arithmetic average of current rate time bracket 1
(2) Calculation based on VA T recoupment of 15%
(3) Cost estimated on the basis of an investment of 600 million lire with 20 year

depreciation at 10% (70 million lire/year), serving a fleet of 80 buses
(4) Experience justifiesan efficiency /Jer kilometre eauivalence of one cU.m. of eNG to one

litre of diesel fuel

(5) For a mean annual mileage of 35,000 km account has not been taken either of the
incidence of the diesel fuel station investment or of minor maintenance costs in CNG
operation

Datex, Inc.



Exhibit 3.2 Comparison of Diesel Emissions with Regional and City Buses Operating
on CNG

(Van Der Weide J., 1992)

The selection of plug size in a retrofit engine is governed by the need for the spark plugs to fitinto the restricted space available in the diesel iiljector recess. An independent monitoring of sixCNG buses for one year covering 154,000 km gave an average consumption of 38.4 literequivalent for 100 km. With an annual consumption of seven million liters of diesel fuel perannum, the conversion of six percent of the fleet has resulted in a ten percent reduction in dieseluse. The imbalance comes from the fact that the CNG buses are more popular and often workeddouble shifts.

Since 1987 a total of 80 buses were converted to run on CNG and to date, the total distancetravelled by the first bus put in service is over 300,000 krn. The limitation in t~e range ofoperation was quoted as a major disadvantage with the CNG vehicles. on monitoring indicateda decrease of about 20 percent in wear metals and as the distance travelled exceeded 300,000km, this reduction translated into similar decreases in wear. Spark plugs were replaced every20,000 kIn during maintenance of the vehicles. Ignition system breakdown is likely to occurwhen spark gaps reach 0.70 mm.
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Yellow Bus Company (YBC) Operations h. New Zealand

StandardlTest NO\( HC CO P~rticulate

Diesel bus 14.0 2.4 11.1 ---
Regional bus CNG 2.9 3.1 0.25 <0.05
City bus CNG 4.3 2.1 0.4 <0.05

Datex, Inc.

Gas prices and incentives were instrumental in furthering natural gas bus fleets in several
countri~s. In New Zealand, the growth rate of fuelling stations was enhanced during the criticalb.uild-up phase by the provision of a 25 percent development grant on equipment.

For fleet operations, the prospect of lower fuel costs is a major driving force for the finalacceptance of CNG as a vehicle fuel. The price actually paid for eNG at retail outlets needs tolie in the range of 55 - 65 percent of the fuel replaced if there is to be an economic incentiveto conve1.l. in general, if there are no laX or subsidy aistomons and a rational marginal valuebasis for gas pricing, this situation will occur when the oil price is in the range of US$ 15-20per barrel. When CNG prices fall below 50 percent of the fuel replaced, payback times forconversions become extremely attractive. It is difficult to institute and maintain an effectiveCNG program without the support of a consistent national natural gas pricing policy. (ShiltonL.E., 1992).

3.1.1.3



The price of natural gas in Western Australia is high, about half the price of diesel on an energybasis. Capital costs will be recovered over six years at present price levels. (Stephenson J., 1993)

The CNG buses were about 19 percent heavier in fuel consumption than their dieselcounterparts. Again, the OEM bus showed an improvement in this respect.

A basic premise of the project was that the use of an alternate fuel should not interfere in anyway on traffic operations. This goal was achieved. Refuelling was based on using compressorsof about 650 MJ/hour capacity to slow fill buses overnight in their normal parking positions.
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Brisbane Transport Fleet Conversions

OEM Bus Fleets in Urban Centers of the U.S.A. and Canada

Transperth Bus Operation in Australia

3.1.1.6

Datex, Inc.

The breakdown rate of buses converted to CNG was high. The regulator was not reliable andsome faults were observed with the ignition system and the low vacuum switches. (Weston G.R.,1992 )

The U.S. Department of Transportation (DOn sponsored a CNG bus fleet program that spansseveral cities in the U.S.A. and Canada. All the buses are powered by Cummins L-IO NaturalGas Engines. More than 265 vehicles are involved. The following table lists the cities where thebuses operate, the number of buses in each city, the bus manufacturer and the total milestravelled by the buses as of May 1993.

Passenger reaction was favorable, and the noise levels were considerably reduced. Driverscomplained about the lack of power and acceleration. The lack of on-road performance wasmainly due to the speed gearbox not allowing the engine to work in the most favorable range.The OEM bus with a five speed gearbox performed better.

In March 1991, ten urban buses were converted to CNG and put in service. Two OEM buseswere purchased and operated as part of the fleet. The cost of converting a diesel bus wasestimated at A$ 42,000 and the cost of an OEM bus was A$ 23,000 more than the dieselcounterpart including the cost of the cylinders.

Two compressors rated at 125 and 250 mJ/hour were installed with 1300 liter cascade storage.A refuelling time of IS minutes was typical. Although this refuelling time may be acceptable fora small number of buses, it may not be adequate for large bus fleets.

3.1.1.5

Transperth runs a fleet of 900 buses in Perth, the capital city of the State of Western Australia.Three buses were initially converted to CNG and the three buses have completed over onemillion krn in eight years. In 1990, the company started to convert 30 buses using the enginemanufacturer's lean burn technology. The success of the program has encouraged the companyto convert the entire 900 buses to CNG.

3.1.1.4



Exhibit 3.3 eNG Buses in Service - May, 1993

The Toronto Transit Commission (TIC) Report evaluated the operation of the 2S eNG busesas of August 1992. Vehicle availability is a measure of vehicle reliability and ease of repair. Itis based on the total number of vehicles that are available for service. During the evaluation

PROPERTY , OF BUSES MANUFACTURER TOTAL MILES
Mississauga 11 OBIIBIA 170,000
Toronto 25 OBI/BIA 1,600,000
Hamilton 30 OBIIBIA 1.400.000

10 GM/IVECO

Chatham 2 OBI/BIA 8.000
Brooklyn 2 OBIIBIA 80.000
New Jersey 5 FLX 60.000 approlC.
Colombia Gal 1 FLX 70.000 approlC.
Cleveland 21 FLX 450.000 approx.
Dallal 2 FLX 80,000 !Ipptox.
Fort Worth 45 FLX 500,000 approx.
St. Louil 2 FLX 40,000 approlC.
Dade County (Miami) 5 FLX 50,000 approlC.
Reading 1 OBIIBIA 12,000
Pittsburgh 5 OBIIBIA 190,000
Tacom. 30 OBIIBIA 1.000,000
Salt Lake City 5 OBIIBIA 100,000
SCP.TD (LA) 4 FLX 200.000 approlC.
NCTD (LA) & FLX 140,000 approlC.
OCTO ILA) 2 GILLIG 80,000 approlC.
Galviston 1 FLX

Binghampton 3 OBIIBIA.
Syr.cule 8 OBIIBIA

Rochalter 5 OBIIBIA.
Buffaloe 5 OBIIBIA

Mineol. 10 OBlIBIA

Yolo 4 OBIIBIA

Sacaramento 15

TOTAL 285
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Cummins Engine Company has confirmed that their L-IO CNG Engine will be certified to the
California Air Resources Board (CARB) Standard.

Vehicles running out of fuel while in service was the most prevalent issue. Installing a low fuel
warning light that comes on when the cylinder pressure falls below 500 psi has eliminated this
problem.

Ignition system problems accounted for 15 percent of all repairs/inspections of the CNG buses
and the life of the spark plug and ignition wiring has been unacceptably short. Recent selection
of the spark plug and ignition wiring appears to have solv«".d the problem.
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Over the evaluation period, the average cost per mJ of natural gas was $ 0.01357 and the
electrical "cost of compression" was $ 0.017 per mJ• The cost of operating the CNG buses and
the compression station was $ 0.295 per mile. If the provincial road tax is applied, the operating
cost per mile would be approximately $ 0.295 per mile. In comparison, the cost per mile to
operate a new Diesel bus is $ 0.399 per mile.

period, the 25 buses were available 92.05 percent of the time. Only 20 percent of the time the
vehicles were not available for service was specifically related to the use of CNG. This is
considered to be quite acceptable for a major development project.

Since the CNG engines are turbocharged, there is approximately a 40 percent increase in power
output. The CNG engines have more power and run quieter than comparable diesel engines. The
following table is a cost comparison of the diesel and eNG buses operating on similar routes and
compiled by the Toronto Transit Commission.

Datex, Inc.



3.2 Experience in T~gypt

• -50.7 kg/100krn = 72.9 m 3/100km
+ -TTC supplied figures

In Egypt, the Organization for Energy Conservation & Planning, (OECP) Ministry of
Petroleum, completed a study in 1991 assessing the costs and benefits of substituting natural gas
for diesel (gasoil) in the transport sector. Diesel consumption (2.99 million metric tons of oil
equivalent) in the transport sector constituted 49.7 percent of total diesel consumption for fiscal
year 1990/1991. Diesel oil consumption by different vehicular modes of travel was as follows:
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Cummins L10 CNG

25 Buses 125 Buses

$19.4 $16.4

72.9 • 72.9 •

$14.14 $11.95

$11.880 $10.038

$7.877 $9.719

$2.736 $4.578

40% 49%

19% 31%

43.5 +

26%

$0

0%

$5.141

$40.0 +

$17.40

$14.616

97.0 percent
1.6 percent
1.2 percent
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/
Diesel Versus CNG Fuel/OSI Comparison

DOC 6Vt Cummins
92TA Die/!,;el L10 Diesel

Trucks & Buses
Ferry & barges
Railroads

Fuel Price ($1001 or m3) $40.0.+

Fuel Consumption (/ or 58.8 +
m3/100 km)

Fuel Cost ($/1 OOkm) $2~:L52

Annual Fuel Cost ($) for $1~3.757

84.000 km +

Savings ($) Relative to $0
6V·92TA

Savings Relative to L10 ($5.141)
Diesel

Savings (%) Relative to 0%
6V·92TA

Savings (%) Relative to -35%
l10 Diesel

Exhibit 3.4

The design of refineries in Egypt are such that without the addition of a hydro-cracker unit, the
refineries cannot produce all the diesel oil needed to meet domestic demand. Hence a fair share
of diesel oil demand is met by foreign imports. Domestically produ'=Cd natural gas can substitute
for diesel oil in trucks and buses. Since domestically available natural gas has not been an
internationally traded commodity, its substitution for imported diesel oil, which is readily
tradeable internationally, would yield economic and environmental benefits to the country. Note
that the great increase in natural gas reserves may lead to export of the fuel for Egypt.

Datex, Inc.



3.3 Conversion Technology

The positive assessment by OEep fonned the basis for international agencies to consider followon studies.

• "Dedicated CNG Engine or Vehicle" - The engine uses only compressed naturalgas (CNG) as the fuel. This could be retrofit or a new engine.

Cairo CNG Vehicle Feasibility Study
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• "Dual-Fuel Engine, Open Loop Controlled" - applies to conversions of dieselengines only. The existing fuel system is kept intact while a CNG fuel system
is added. Both fuels are used illl proportions varying according to the engine

• "New Engine" refers to a factory built engine by an Original EquipmentManufacturer (OEM) that is designed and warranted to operate on CNG.

• "Retrofit" refers to the modification of an existing engine by changing or addinga few components so that CNG fuel could be used. Generally, retrofits do not
have factory warranty.

By the conversion of CNG, we mean both the retrofit of existing engines to use CNG and theuse of new engines or vehicles that are manufactured specifically for CNG use. In this section,we briefly summarize the technological status of CNG vehicles. For clarity, the followingdefinitions apply here:

Other evidence of the government's commitment to use natunl gas in the transport sector is thenumber of natural gas filling stations that are either planned or in operation. PETROBEL hasa mobile and a. stationary tilling station operating in Cairo. AMOCO has two stationary fillingstations in operation and two are under construction.

Of interest also is the corporate df~ision reportedly taken by AMOCO headquarters in Chicago.After an assessment of its world wide business opportunities for the long term, AMOCO hasdecided on investing in the exploration. distribution and management of natural gas in Egypt.In support of this strategy, AMOCO has submitted an ambitious proposal for a large scaleconversion of Cairo vehicles to natural gas to the Minister of Petroleum.

In 1992, UNDP funded a study of the feasibility of CNG conversions of 100 buses of theGreater Cairo Bus Company's fleet. The author of that study recommended against CNGconversion in that case primarily because of the age of the engines and concerns about theoperational and technical difficulties associated with converting the types of engine they use.

Some of the joint venture petroleum companies PETROBEL (EGPC and AGIP) and GUPCO(EGPC and AMOCO) in Cairo have already introduced. dedicated CNG buses and bi-fuel fleetpassenger cars. NASCO is planning on mounting bus bodi.es on five imported IVECO naturalgas engines/chassis. Carlin Middle East has submitted a quotation to GUPCO for a "Bluebird"school bus fitted widl a "Tecogen" dedicated natlJ~j gas engine.



3.3.1 Conversion of Gasoline-Powered Engines and Vehicles

• uBi-fuel Engine" - Engine that would opernte on either gasoline or CNG fuel, butnever on both fuels. The fuel switch could be either manual or automatic.

load. Use of 100 percent diesel fuel is posr.ible, but use of 100 percent eNG is
not possible.
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Dedicated CNG Retrofit Convel'Sion of Gasoline-Fueled Vehicles

Retrofit of Existing Gasoline-Fueled Vehicles

Datex, Inc.

• "Dual-Fuel Engine, Closed Loop Controlled" is a variation of dual-fuel engine
in which the diesel fuel system is small and limited to provide a pilot ignition
source for the CNG fuel. The engine can idle but can not provide any significant
power on diesel fuel alone.

Virtually all passenger cars and light-duty trucks in Egypt are powered by gasoline engines.These engines are spark-ignited and have compression ratios reasonably compatible withcompressed natural gas (CNG) fuel: the compression ratio is about 10: 1 compared to 14: 1 to13: 1 in most diesel engines. The optimum compression ratio for natural gas vehicles is around11: 1. Conversion of gasoline engines to CNG fuel is discussed in this section.

Exhibit 3.5 shows a schematic diagram of the fuel system for a dedicated CNG vehicle. Becausethe carburetor operates at close to atmospheric pressure, the fuel pressure, which is 3,000 psiin the cylinders, must be reduced through a two or three stage pressure regulator system for usein the engine. While the engine will operate satisfactorily without any compIl"..ssion ratio changecompared to its· gasoline version, dedicated CNG engines offer an opportunity to increase thecompression ratio, and hence thermal efficiency. This is possible due to the increased octanenumber of CNG. Other engine modifications that are desirable include spark timing and sparkplug gap optimization for CNG, cylinder head redesign for improving volumetric efficiency anda hardened valve seat to avoid seat recession and improve durability. However the cost ofconversion increases with every additional change. Typical cost estimates for converting agasoline vehicle to dedicated CNG are as follows:

This is a decades-old technology used in a number of countries successfully, but never in a massproduction scale. No internal engine changes are needed. The fuel tank for CNG is a pressurevessel in which the gaseous fuel is stored at 3,000 psi (pounds per square inch) 200 bar pressure.The major effort in retrofits is properly installing the fuel tank in the vehicle while conformingto safety standards. The carburetted engine is f:he most common type (as compared to fuelinjected type) in Egypt. For retrofit conversions in Egypt, carburetors should be replaced withnatural gas fuel mixers. Such mixers can be purchased readily in most developed countries.Retrofits can be either dedicated CNG systems or bi-fuel systems.

3.3.1.1.1

3.3.1.1



One major advantage of passenger car applications of CNG in Egypt is that there are no catalyticconverters. IfCNG is used extensively in these vehicles, it is conceivable that the country couldavoid the need to go to catalytic converters to achieve acceptable emissions levels.

The main problem of the dedicated CNG vehicle is the limited range compared to its gasolinecounterpart. In order to maintain the same range between refills, too many CNG cylinders willbe needed resulting in excess weight and cost. In addition, until the refueling infrastructure isin place, a CNG vehicle driver may worry about running out of fuel at inconvenient times andplaces.

It should be noted that U.S. conversion kits are more complex due to the emissions certificationsneeded and the electronically controlled combustion in U.S. vehicles. In addition, U.S. vehiclesare generally larger and contain two CNG cylinders. The Egyptian conversion estimates aboveprovided by Petrobel are for carburetted engines (i) with and (ii) without some electronics.Considering the passenger car population in Egypt, it is reasonable to assume that most cars willbe smaller and have carburetors. The Petrobel estimate assumes only one CNG cylinder isneeded per vehicle.
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$ 720 per vehicle

$ 550 per vehicle

$1 ,100 to 1,700 per vehicle
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Hi-fuel Conversions - Gasol~ne Engine Retrofit

U.S. Conversions

Egyptian Conversion,
mechanically controlled (ii)

Egyptian (Petrobel) Conversion,
electronically controlled (i)

Datex, Inc.

As far as technology is concerned, oj-fuel conversion is identical to dedicated CNG conversionexcept that the gasoline fuel system is left in place. A driver-operated switch controls whichfuel, gasoline or CNG, is directed into the carburetor. The advantage of the bi-fuel system isthat the vehicle range between refueling is not a problem. However the engine performance andvehicle emissions are compromised to operate on two different fuels and the added weight ofcarrying two types of fuel tanks must be considered. When CNG fuel is used, the spark-ignitiontiming should be advanced for proper o~ration. It is impossible to change spark timing in noncomputer controlled, carburetted engines when fuels are switched by the driver. While theengine will run on both fuels, it will not run with optimum efficiency on either fuel. The costof conversion is slightly higher than in the case of dedicated conversion since two fuel systems¥c in place and a.:~~ fuel selection controls are additional components. For dedicated or bi-fuelconversions, the gas-air mixture is throttled as it enters the engine intake manifold. For anengine with an electronic (or, computer) controlled combustion system, one of the problems isthe stoppage of gasoline flow to the engine. It has been reported that stoppage of gasoline flowin order to initiate CNG flow can send error codes to the computer.

3.3.1.1.2



P.ego eNG Regulat«
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Exhibit 3.5. Schematic Diagram of a Fuel System for a Dedicated eNG Vehicle
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~



3.3.2 Conversion of Diesel Engines
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Dedicated CNG Conversions - Diesel Engine Retrofit

Retrofit Diesel Engines

New Engines

Datex, Inc.

This conversion of diesel engines is well known and no new technology needs to be developed,although the conversion "kits" for each engim: require some engineering. In small quantityconversions (1 to 10 engines per batch), the cost is estimated to be $5,000 per engine. SinceEgypt has manufacturing capability for Deutz air-cooled engines, a design and layollt project for

An existing diesel engine with CR of 14: 1 or higher can be converted to operate on CNG fuelalone by making the following changes:

Remove the diesel fuel system and replace it with a CNG-air mixer, similar to a carburetor ina car. Adapt the fuel injector holes in the cylinder head to provide spark-plugs. Change thepistons to low-CR pistons. Design a CNG fuel tank and a multi-~tage pressure reduction system.Test the engine and establish the new power ratings with CNG fuel. Generally, a rated powerreduction of IS percent - 20 percent should be expected with CNG, especially in a naturcillyaspirated engine. This derating is unavoidable due to the fact that in a fixed displacementengine, gaseous fuel occupies more of the combustion chamber space than diesel fuel resultingin less air available for the combustion process.

Nearly all buses and heavy-duty trucks are powered by diesel engines in Cairo. Diesel enginesare the most efficient, durable and e<:onomic power plants used worldwide. But smoke,particulate and NOx emissions from diesel engines are of concern. An existing diesel engine canbe converted to operate on CNG fuel but the conversion is more expensive than in the case ofa gasoline engine. This is due to the fact that CNG fuel can not be used in engines withcompression ratios (CR) higiler than 11: 1, whereas diesel engines have compression latios of14:1 or higher. In order to change the compression ratio a major engine overhaul, including achange of pistons, is necessary. This makes a diesel engine retrofit more expensive than agasoline engine retrofit. Usually a retrofit conversion does not have factory warranty.

New engines and vehicles to operate on CNG fuel are always preferable over pie<:e-mealconversions in terms of performance, efficiency, emissions, and warranty. A fully optimizedand properly designed vehicle built in the factory with full warranty will be more readilyaccepted by end-users. All the major vehicle manufacturers in the U.S. currently offer a fewselected models of CNG vehicles. Generally, the automobile manufacturer builds the gasolineversion of the vehicle in the conventional manner using factory assembly lines. A selectednumber of these vehicles, consistent with the immediate market demands, are taken to asecondary assembly line for upfitting with CNG-related parts. The components of the new engineare conceptually the same as the retrofit systems; the same functions are performed, althoughmore optimally.

3.3.2.1.1

3.3.1.2

3.3.2.1

---------------------_.-



3.3.3 Original Equipment Manufacturers (OEMs) in the U.S.A.

Currently, there are several original equipment manufacturers producing fleet type vehicles inthe U.S.A. Ultimately, vehicles will be dedicated NGVs and will be optimized for both engineperformance and emissions.

a specific Deutz engine would be necessary. The main advantage of dedicated CNG conversionis the total elimination of the diesel fuel system. Also this is the most economical conversionof a diesel engine and provides the maximum benefits 0t the CNG fuel.
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New Diesel CNG Engines

Dual FOJel Diesel Engine Retrofit
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As manufacturers move from early-entry vehicles towards optimized NGVs, the engines will bedesigned to take advantage of the fuel characteristics of the natural gas, and computerized fuelmanageme:lt systems for natural gas vehicles will be developed. Additionally, on-board fuelstorage cylinders will be lighter in weight than the cylinders available today.

Use of new, factory-built CNG engines based on a diesel engine design and intended to be usedin heavy-duty applications is the technically preferred approach for changing over to CNG fuelif funds are available. New engines come with a factory warranty similar to current productionengines. Actual changes made to engines in the factory are the same as in the case of retrofits.These new engines can be dedicated CNG fuel only or dual fuel type. In either case the volumeof production based on market demand must grow to a fairly large number before capitalinvestment could be justified. Initially, when volume of production is low, a job-shop typefactory using diesel engine blocks and other major components could match the demand. Thisis similar to an engine rebuild center where an economical mix of good quality used parts andnew parts are used to build CNG engines that can be warranted.

3.3.2.2

There are two types of dual fuel system retrofits. In the first, the diesel fuel system is kept intactand a CNG mixer is added. The compression ratio is unchanged and the diesel fuel providesthe ignition source. Both fuels are used simultaneously with the actual proportion of CNG basedon engine load factor. Generally at high loads, CNG is the primary fuel with about five percentdiesel fuel. .At idle and low loads, a greater proportion of diesel fuel is used. The engineretains the option of diesel fuel-only operation. One hundred percent eNG operation is notpossible due to the absence of an ignition source and the high compression ratio. In the secondsystem type, called pilot ignition natural dual fuel engines, a small but constant amount of dieselis added regardless of load. The cost of dual fuel retrofits is likely to be lower, because majorengine overhaul is not necessary. The estimated cost of conversion to a dual fuel configurationis $4,000 per engine in low volumes. The main advantage of the dual fuel engine is that thecapability of diesel fuel operation is fully retained. This, however~ opens the possibility of theoperator never using CNG, except for the pilot ignition dual fuel system in which the engine canonly idle with diesel. Two fuel systems need to be maintained and two types of fuel tanks mustbe carried.

3.3.2.1.2
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ORIGINAL EQUIPMENT MANUFACTURER NGVs AVAILABLE FOR PURCHAOE
VEHICLE TYPE Bi·Fuel. Dual-Fuel or ENGINE TYPEI SIZE

Dedicated Natural Gas
Champion Malar Coach Challenger Bi·Fuel Ford 5.7 Liler or 7.5 Liler
Champion Motor Coach Champ Bi·Fuel GM 4.3 Uter or 5.7 Liter
EI Dorado National RE·29 Transit.Paralransit Dedicated Hercules 5.6 Liter
Flexible Metro Dedicated Cummins 10 Uter
Gillig Phantom (Liquafied Natural Gas) Dedicated Cummins 10 Liter
Goshen Coech GC II Bi·Fuel or Dediceted Ford 7.5 Uter

Goshen Coach Sentry ML Bi·Fuel or Dedicated GM 7.4 Utor

Goshen Coach Par..Tran.it Bl·Fuel or Oedic.t.d Ford 7.5 Uter

Neoplan USA Transliner 16 modals ra!'lging from Dual·Fuel or Dedicated DOC 6V92 PING. DOC 6V92 DING40 to 45 feet)
or DOC Seriel 50G

Neoplan USA Metroliner 12 models ranging Dual·Fuel or Dedicated DOC 6V92 PING. DOC 6V92 DINGfrom 40 to 45 faeU or DOC Series 50G
New Flyer 0·40 DedicateeJ DOC 6V92 DING. Cummins 1Q Uter

or DOC Seriel 50 SING
Stewart & Stevenson T·4O Apollo (compressed Dual·Fuel DOC 6V92 PINGor liquefied natural gal)

Transponation Manufacturing Corp. RTS Dedicated Cummins 10 Litor or DOC 6V92
DING

Non-Road V.hlcle.

Clark material Handling 18 siz../typee of fork Dedicated Mit.ubishl 1.6 Utero 2.0 Utar. 2.4lifts)
Uter: Continantal 2.7 Uter: Perkins
3.9 Ular; Ford 4.9 Uter; Ford 7.5.
Uter

Dig·lt Manufacturing 158 N B.ckhoa Bi·Fual or Dadicated Kohler M.gnum 2 cylinder
Yel. M.t.rial HandUng (4 lius/typel of fork Dedicatad Yale 4 cylinderlifts)

P....ngerC.,.

Chevrolat Caprice 11995 modal year) a;·Fual GM 4.3 Utar

Chevrolat Corlica a;·Fuel GM 2.2 Uter

Ught-Duty Piclcup Truclca

GMC Full-slz. Truck (1995 model yaar) a;·Fuel GM 5.7 Utar

Datex, InC.

(Source: NGV Institute, Las Vegas, Nevada)

Exhibit 3.6 Original Equipment Manufacturer NGVs Available for Purchs'le

The following table, Exhibit 3.6, illustrates the types of fleet type transit and shuttle buses thatare in the market:



3.4 CNG Cylinder Technology

There are four types of materials certified by the U.S. Department of Transportation used foron-board gas fuel storage cylinders on natural gas vehicles. The four materials are:
• Steel
• Steel composite
• Aluminum Composite
• All-composite

ORIGINAL EQUIPMENT MANUFACTURER NGVs AVAILABLE FOR PURCHASE
VEHICLE TYPE Bi-Fuel, Dual-Fuel or ENGINE TYPEI SIZE

Dedicated Natural Gas
Chevrolet (1995 model yearl Bi·Fuel GM 5.7 Uter

Ven.

Dodge B250 Van and Ram Wagon (3/4 toni Dedicated Chrysler 5.2 Liter
Dodge B350 Van and Ram Wagon (1 toni Dedicated Chrysler 5.2 Liter
Dodge Caravan (mini·vanl Dediceted Chrysler 3.3 Litor
GMC Truck/Chevrolet Full·size Van (1995 Bi·Fuel GM 5.7 litermodel yearl

Other Truck.

Crane Carrier LET Refuse and Recycle Chassis Dedicated Cummins 10 Uler, Hercules 5.6
Uter or TacoDrive 7.0 Uter

GMC Truck Top Kick (1995 model yearl Bi·Fuel or Dediceled GM 7 Uter

Chevrolet Kodiak (1995 model yeerl Bi·Fuel or Dedicated GM 7 Uter
GMC Truck/Chevrolet P·Challi. (1995 model Bi·Fuel GM 5.7 Uteryearl

School Bue••

Blue Bird TC/2000 All American (Front or Reer Dedicated TecoDrlv. 7.0 Uter or Hercules 5.6Enginel
Uter

Carpenter Counlelor Dedicated Herculel 5.6 Uter
GMC Truck/Chevrolet School Bu. Dedicated GM 7.0 Uter

Thoma. Built Saf-T·Uner MVP Dedicated Hercule. 5.6 Uter
Tren.lt end Shunl. Bu•••

Blue Bird Body Company Q·Bul Dedicated TecoDrive 7.0 Liter
Bu. Indu.trie. of America/Orion V/CNG Dedicatod Cummins 10 liler
Chempion Motor Coach Centurion Bi-Fuel GM 7.0 Uter
Champion Motor Coach CTS Bi-Fuel GM 7.4 Liter

3·15Cairo eNG Vehicle Feasibility Study
Flnal Report

Datex,. Inc.



The following table, Exhibit 3.7, compares similar sizes of four types of cylinders.

Exhibit 3.7 A Comparison of On-Board Fuel Storage Cvlinders
(Source: NGV Institute, Las Vegas, Nevada)

Aluminum and steel composite cylinders weigh 30 percent to 70 percent less than steel cylinders.All-composite cylinders weigh up to 80 percent less than steel cylinders. All four types ofcylinders will accept natural gas at pressures ranging from 2400 psi to 3000 psi.
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MANUFACTURER SIZE CAPACITY WEIGHT 100+
QUANTITY

PRICE

ALL·COMPOSITE NGV·2

EDO 12" X ~8" 525 SCF 391bs. $725
Brunswick 13.7" x 35" 503 SCF 561bs. $595

FULLV·WRAPPED ALUMINUM COMPOSITE
Comdyne I, Inc. 13"x38" 513 SCF 84.3Ibs. $613
SCI 13.5" x 34" 487 SCF 78.3Ibs. $487

. HOOp·WRAPPED ALUMINUM COMPOSITE
CNG Cylinders 13" x 35" 462 SCF 891bs. $518.

HOOp·WRAPPED STEEL COMPOSITE

Pressed Steel 13" x 35" 567 SCF 1341bs. $602

Currently, the recertification procedure for the non-NGV2 on-board storage cylinders requiresthat the cylinders be removed from the vehicles and taken to a facility approved by DOT to re- .certify by hydrostatically testing the cylinders to ensure that they maintain pressure and that thereare no leaks or stress cracks. This process is being examined through a GRI-funded program to

In the U.S., cylinders are manufactured, tested, and certified, and must be used in accordancewith U.S. Department of Transportation (DOn or Transport Canada (TC) regulations orANSIIAGA NGV2 standMds. All cylinders manufactured to DOT or TC SPeCifications must berecertified. Steel cylinders must be recertified every five years and steel composite andaluminum composite cylinders must be recertified every three years. Cylinders manufactured toANSI!AGA NGV2 specifications will have a 15 year useful life with no requirement for recertification.

Steel composite and aluminum composite cylinders are made of steel or aluminum and wrappedwith fiberglass. All-composite cylinders are made from a high-density polyethylene liner withcarbon fiber and fiberglass or epoxy resin and fiberglass covering.



3.5 CNG Filling Station Technology
..

apply an acoustic emission process to metallic on-board cylinders with the hope of reducing andsimplifying the cost of recertification.
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In 1992, a fast fill station to refuel 10 transit buses per hour for the Toronto Transit Commissionwas budgeted to cost approximately US $2.5 million. Specifications were developed for fastfilling a fleet of 125 CNG buses (about 240 m3
) of natural gas per vehicle giving a range of 370km. The station is the largest and most advanced in Canada.

The design and selection criteria for CNG fuelling station components are complex partlyoecause station operation must reflect the operation of established liquid (gasoline and diesel)fossil fuel stations. CNG customers often expect that same ease and speed of operation withgasoline and diesel filling stations and the opportunity to travel relatively long distances betweenfills. Satisfying this customer expectation necessitates large compressors with high rates of CNGoutput at very high pressures. Gas at high pressure and volume requires large, heavy, andexpensive storage vessels.

A truck can be equipped with a large storage cylinder to provide an emergency supply of eNGto resupply vehicles caught out on the road. The cylinder on this truck need only be sized largeenough to provide enough CNG to get the vehicles back to the refueling station.

One must be very careful of costs cited for refueling stations because the costs are very sensitiveto size and type. Conceptual cost estimates for refueling applications for specific fleetapplications have been developed for this report and are presented in later sections. These costsalways represent a very large portion of the total investment in any CNG fleet.

Fleet operators can have a central refueling station which could be of the slow-fill type, if thevehicles are parked for an adequate period of time every night. In some cases, a mix of slowfill and fast-fill refueling is appropriate.

Refueling stations constitute a major capital investment item in switching the transportationsector to CNG. There are two types of filling stations: fast fill and slow fill systems. Fast fillstations are considerably more expensive than slow fill stations. The fast fill station is equippedwith a compressor or set of compressors, high-pressure storage, and dispensers. Slow-tillstations do not have a high pressure storage system. There are two types of fast fill dispensers:mechanical and electrical. The electrical dispenser is used when an accurate reading of theamount of fuel dispensed to each vehicle is needed. The mechanical dispenser is much cheaper,but does not have accurate flow recording capabilities. The compressor and dispensertechnologies have been demonstrated in Egypt, although not manufactured there. GUPCO hastwo operating CNG stations and two more are planned. PETRO.BEL also has two operatingstations. The major determinants of the cost of the station are the proximity and the pressureof the CNG source. The exact trade-off of compressor size, number of compressors, andstorage size requires a detailed engineering/ economic analysis, the result of which will have astrong impact on the economic viability of the fleet CNG application.



In one case, three different refuelling systems were tested to establish the "Storage UtilizationFactor". The three systems were:

• Uniform Pressure Storage
• Sequential refuelling system
• Booster Assisted Refuelling

If gas from a compressor is pumped directly into the vehicle storage cylinder, the compressorworks against a steadily rising back pressure. This process calls for the minimum amount ofwork needed for compression.
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The metering of gas supplied to filling stations may be based on the Coanda effect to measurethe volumetric flow rate and on the coriolis effect to measure the mass flow rate. Mass flow ratemeters are particularly successful. Based on energy equivalency, the popular measure might bethe gasoline gas equivalent.

The booster banks had two storage banks (2418 liters for the "low" bank and 806 liters for the"high" bank). The booster was used to keep the high bank pressure as high as possible. Withthis system, the number of fills for the 240 liter vehicles rose from six vehicles for the sequentialcascade system to 14 vehicles, and the storage utilization factor was increased from 31 percentto 60 percent.

Storage Utilization Factor is defined as the ratio of the total gas volume delivered to the vehiclesto the total volume held in the station storage at 3600 psi. If the compressor was operatingduring vehicle refuelling, the volume delivered by the compressor was deducted from the volumedelivered before calculating the utilization factor.

However, if a compressor fills a storage cascade and the storage bank is connected to thecylinder on the vehicle, a part of the compression work is wasted in the initial filling processbecause high pressure gas is "throttled" to a lower pressure of an almost empty vehicle cylinder.A throttling process in thermodynamic systems is an adiaba.tic, not an isentropic process and isassociated with a loss of energy. This loss can be minimizerl if gas is stored in banks, also calledstorage cascades, with each storage tank of the system maintained at different pressure levels.The empty vehicle cylinder can be connected sequentially to banks at increasing pressures. Themain purpose of multi-level storage is to optimize the availability of gas for fast filling at afuelling station and not to optimize the energy needed for compression.

In a slow fill operation, the gas in the cylinder has time to reach equilibrium with the ambienttemperature. Therefore maximum storage is achieved for given cylinder pressure. In the caseof the fast fill, due to the rapid rate of filling, the temperature rises in the cylinder and takesseveral hours to return to equilibrium with the surrounding temperature. When the equilibriumin temperature is reached, the actual pressure of the cylinder is lower than the pressure at whichit was filled. This problem with fast fill can be remedied by pre-cooling the gas before it reachesthe dispenser. Another strategy might be to stipulate a higher pressure for the fast fill than theslow fill at the same station.



A CNG filling station includes the following equipments:

Until quite recently, there were approximately 10 different filling connections (the receptor for
the gas in the vehicle and the nozzle from the dispenser). Only recently has the American
Natural Gas Standards Institute (ANSI) established the NGV 1 code (standards) for the receptor
and the nozzle (filling connections).

There are normally three banks of compressed natural gas pressure vessels or tanks, called
storage cascades, at a fueling station. All these tanks at the filling station are maintained by the
station compressors at a pressure (3600 psi) that is higher than the pressure to which the
cylinders on-board the vehicle are to be filled (3000 psi).
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Compressor and Drive;
An electronically controlled Priority Panel that controls the fuel flow from the
compressor to the high pressure storage cascades;
Emergency Shutdown Device;
Sequential Panel that manages the fuel flow from the storage cascades to the vehicle;
and
Dispensers.

At a fast fill or slow fill CNG station, the natural gas vehicle is normally fueled by either the
high-pressure storage cascades or the buffer storage system. The pressure difference that exists
between the fuel in the storage cascades and the cylinders on-board the vehicle is used to fill the
vehicle. A slow fill station usually takes from 6-8 hours to fill a heavy duty vehicle while a fast
fill station can fuel the same vehicle in 3-5 minutes.

When a vehicle pulls into a eNG station for gas, CNG from the initial tank ("low") of the
storage cascades starts the fuel filling process. At the start, the initial pressure difference
between the "low" tank and the cylinders on-board the vehicle is at the maximum; and
consequently, the CNG from the "low" tank to the cylinders on-board the vehicle starts at the
maximum rate offlow. As the filling process continues, the rate of CNG flow steadily drops
because the difference in pressure between the "low" tank and the cylinder is steadily reduced.
At a set pressure of the "low" tank, the Sequential Panel, automatically switches the CNG flow
from the "low" tank to the "medium" tank at 3600 psi. The flow rate starts at a high rate. After
some time, the flow rate from the "medium" tank to the cylinders declines and at a pre-set
pressure of the "medium" tank, the sequential panel brings the "high" pressure tank on line until
all of the cylinders on the vehicle are fi lied at 3000 psi. The Priority Panel manages the gas
from the compressors and supplies the gas to the storage banks in the priority sequence "high",
"medium", and "low".



Section 4.0 Description of the Cairo Vehicle Population, Fuel Supply, and Pricing

• There are essentially no diesel-powered passenger cars in Cairo, as ~ese were prohibitedby law for the public. ":"

• Because of the very low price of diesel fuel, almost all trucks and buses are diesel .powered. There are essentially no gasoline-powered trucks or buses.

4-1
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Much of the additional data concerning the vehicle fleets were obtained through various sourcesin a more "piecemeal" fashion. An extensive discussion of sources and specific data is notpossible in the time available. Some important observations are:

4.1 The Cairo Vehicle Population

From Exhibit 4.1, it can be seen that trucks far outnumber buses. Public transportation busesin Cairo predominantly belong to either the Cairo Transportation Authority (CTA) or the GreaterCairo Bus Company (GCBC). These groups were very cooperative in providing detailedcharacterization of their fleets. The~ detailed data are provided in a later section of this reportwhere they are used as the basis for inputs to the economic model. The bus fleets are anobvious candidate for consideration of CNG conversion.

Other important characteristics of the vehicle population can be determined through fuel usagedata. Data provided by the Ministry of Petroleum indicate that gasoil or diesel use exceedsgasoline consumption and represents about 47 percent of the total fuel used for the transportationsector. Gasoline represents about 38 percent.

The Governornte of Cairo, Kalyoubia and Giza, which together constitute the Cairometropolitan area, contain more than 47 percent of the total number of vehicles registeredin the country.

Exhibit 4.1 lists the number of vehicles that operate in the three Governorates comprising theCairo metropolitan area in relation to the total number of vehicles licensed to operate in thecountry. These data were taken from a March 1994 table provided by the Traffic Departmentwhich listed vehicles by type for all governorates. The larger source table can be found in anAppendix. Some of the vehicles listed in Exhibit 4.1 are not grouPed by type of vehicle but byownership, such as "governmental" and "public sector." Nonetheless, a good approximation ofthe relative size of major vehicle type populations can be derived.

An important aspect of the data gathering phase of this study was collecting as much informationas possible about the vehicles in Cairo to determine quantity, vehicle types, engine types, fuelusage, maintenance characteristics, a'ld so forth. Selection of specific vehicles for more detailedanalysis of conversion potential must be based on an understanding of the vehicle "universe"within the city.



• The taxi population is high and is primarily made up of vehicles owned and operated byindividuals who keep them at their residences when not in use. Taxis are usually bettermaintained than private cars due to the owners' reliance on them for income. However,they generally have higher usage rates. Very little recent data (past 1985) could be founddescribing the taxi population.

• Vehicle types with the greatest expected growth rate over the next few years arepassenger cars and microbuses. The number of public buses has not been expanding ata great rate due to capital constraints. The rate of increase in the number of privatevehicles is declining relative to the very high rate of the 1980s. Growth rates are nowaround eight percent per year.

• Very little data could be obtained on the microbus or minivan population in the timeavailable for this study. These vehicles are considered part of the taxi fleet but operatemore like small buses. Both diesel and gasoline engines are used. The microbuses areheavily utilized by the public, generally run regular routes each day and they have highannual mileage rates. These vehicles are not operated in fleet fashion. Generally, theyare owned and operated by individuals and kept at individual residences when not in use.
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• The average life of passenger cars in Cairo is approximately 20 years. The high capitalcost of a vehicle relative to personal income leads to long retention by their owners. Thequality of maintenance and state of repair of passenger cars is highly variable. Manyreceive poor routine maintenance and only go to the shop upon failure. The vastmajority of cars use 1970 technology, or earlier, and have no pollution controlequipment. Most cars are very small and have small engines (less than 2 litersdisplacement) due to heavy taxes on larger engines.

Datex, Inc.

• The heavy-duty truck population in Cairo, as mentioned above, is large. Heavy trucksare excluded from downtown Cairo during the daytime. Little data were found todescribe other characteristics of the truck population. Again, most are believed to beowned and operated by individuals. It is believed that most heavy duty truck ownerswould be unwilling to restrict the possible range of operation for their vehicles to theCairo area. Several delivery truck fleets were identified during the data gathering phaseof this study. These are discussed later and they offer the best potential among trucksfor early CNG conversion.



For the period 1994-1998, the domestic natural gas supplies are expected to be tight and justenough to meet the anticipau.d demand from the industrial, household, and electric sectors. Thisis because not all natural gas fields have been developed.

There are three natural gas fields from which distribution lines reach Cairo. The fields arelocated at: Abu Maadi, Abu Quir, and Abu Ghardig. Presently, Abu Maadi and Abu Quir arethe principal suppliers while natural gas from Abu Ghardig has yet to be linked to the natural

After 1998, natural gas supplies are expected to exceed projected demand. Therefore, the Datexteam was encouraged by the World Bank Group to plan for maximum utilization of natural gasin the transport sector because the maximum demand from the transport sector will still be asmall part of the total demand.

4-3Cairo eNG Vehicle Feasibility Study
Fmat Report

Datex, Inc.

Exhibit 4.1 Statistical Data on Vehicles in Egypt 1

March 1994
VEHICLES Motor Passenger Buses Trucks TaxiCycles

Public Private Public Private Tour

Governorate

Cairo 92571 33421 43516 4276 4649 3022 84524 41264
3

Katyoubia 26250 2155 17410 232 720 290 18200 17410
Giza 35440 1708 14608 370 2044 310 34132 27825

3
TOTAL Cairo 15426 37284 59865 4878 7413 3622 13685 864991 6 6
% of Total 42.4 60.7 63.3 42.6 43.1 70.3 35.1 40.5
TOTAL Egypt 36386 61393 94584 1148 17195 5154 39022 213578 8 2 9

, For complete Statistical Table, refer to Appendices.
Source (The Statistical Section, Ministry of Interior, General Traffic Department, Governmentof Egypt, March 1994)

4.2 Natural Gas Supply

Based on discussions held with host country officials, AID representatives, private sector groups,and members of the Vvorld Bank Group visiting Cairo, the proved natural gas reserves in Egyptseem real and substantial. Presently, natural gas supplies to electric power plants represent over70 percent of the total fuel needs of thermal power stations. Not all electric power stations canbe supplied with or switched to natural gas. By the year 1998, almost all of the fuel supply forthe electric sector is expected to come from domestic natural gas fields.



Exhibit 4.2 Composition of Natural Gas for Cairo Vehicles

Source (Research Department, EGPC)

gas loop for Cairo. The composition of the natural gas from these fields is given below:
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NATURAL GAS FROM:

Abu Maadi Abu Qui, Abu Ghardig
Percent Percent Percent

Nitrogen 0.385 0.17 0.51 - 0.66
Carbon Dioxide 0.688 0.53 2.83 - 4.00
Methane 92.766 93.85 83.37 . 86.38
Ethane 4.117 1.22 10.18 - 8.13
Propane 1.211 1.22 3.02 - 0.75
Heating Value

BTU/FT3
, STP 1133.7 1132.6 1132.0

BTU/LB 23056 23238 21427

Datex, Inc.

Under many existing production agreements between Egypt and oil companies, the discovery ofgas by an oil company requires Egypt to purchase the oil company's share of the gas or tocOmpensate the oil company for its costs of developing the well. Egypt has four years to beginpurchases, at which time the oil company may demand payment and shut down the well if thepurchases are not made. Under this system, it is obvious that Egypt has an incentive toinstall/upgrade transmission and distribution systems in order to purchase gas, so long as theselling price for the gas and the volume of sales projected lead to revenues (in net present valueterms) which exceed the costs of the transmission and distribution system upgrades, plus thepurchase cost of the gas. Generally, Egypt only has to pay for a fraction of the volume ofoutput from the well, perhaps 20 - 30 percent according to the individual contract, sirace itclaims ownership rights to the remaining gas flow by fulfilling its commitment to purchase theoil company's share. Consequently, given the four year period before the closure/purchaserequirements become binding, a rapid increase in gas reserves occurring in the 1992-95 time

Note that Carlin-Middle East commented that the reported composition of gas from Abu Ghardigdoes not meet minimum recommended specifications proposed by Detroit Diesel and possiblyother US engine manufacturers for heavy duty turbocharged CNG engines. They indicate thatthe ethane and propane levels are too high. This question, while apparently not now a problembecause Abu Ghardig gas is not reaching Cairo, should be investigated further and may haveimplications for locating or sourcing CNG filling stations in the future. However, most enginescan be recalibrated to operate satisfactorily on most gas compositions, although emissions maynot be optimum. This is more important in the U.S. with its very strict emission standards.Gas composition is not expected to be a major concern in Egypt.



Exhibit 4.3 depicts the gas production forecast, and Exhibit 4.4 represents the gas supply and
demand forecast.

frame leads to the need for careful assessment of the best ways to market natural gas, so that
economical opportunities for gas use will not be iost in the 1996-99 period.

Production forecasts by the Egyptian General Petroleulrt Corporation (EGPC) in 1993 appear
to be consistent with our understanding of Egypt's contractual agreements with oil and gas
producers, indicating a sharp jump in production from 1996 through 2000 (Tawila, Oct. 1993).
In the event that a total of 26 trillion cubic feet (TCF) of natural gas reserves can be proved in
late 1994 or 1995, EGPC forecasts indicate that natural gas supply will exceed currently
projected domestic demand by approximately 1998-2000, and the supply totals will move well
above even the high demand projections for sectors now using natural gas.
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Although the total 26 TCF has not yet been proved in the summer of 1994, the totals have
moved well above the 12 TCF of proved reserves as of October, 1993 (approx. 19-21 TCF),
and many anticipate that the 26 TCF total or a nearly equivalent value, will be proved in the
next few years. In late 1993, the EGPC, after preparing projections of demand for all sectors
now consuming natural gas, estimated that, even with optimistic 'aSsumptions, there would not
be enough demand from these sectors to take all of the available supply at the tum of the century
if a total of about 20 TCF or more were proved. (As noted above, approximately the 20 TCF
value of reserves has already been proved: 2nd Quarter, 1994 The Economist Intelligence Unit).
Accordingly, the EGPC concluded ~~,at development of new markets should be pursued, placing
CNG as a transportation fuel at the top of a list of potential new domestic applications of natural
gas (Tawila, Oct. 1993).
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4.3 Pricing Policy

The World Bank had ceased lending to Egypt during the 1980s, in large part because ofobjections to the low domestic prices that were set for petroleum products and natural gas. Bythe end of the decade, after observing for a few years the combined effects of low world oil

Egypt proved and developed significantly greater oil reserves about two decades ago. Thesupply of domestically produced oil moved well ahead of the domestic demand for petroleumproducts, at about the same time that world oil prices moved sharply higher. As a result ofthese two favorable events, Egypt moved from a deficit in the value of oil exports minus importsin 1975 to a large surplus in 1980. In spite of the fact that the domestic consumption of oil andgas in tonnage terms increased "explosively'~ from 1975 to 1980 (more than 100 times), andrapidly from 1980 to 1985 (by another 2/3), the net value of Egypt's petroleum sector alsoincreased "explosively", shifting from causing a decrease in Gross Domestic Product (GDP)prior to 1975 to contributing approximately 15 percent of GDP in i 985 (United NationsEnvironment Program, 1993).
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As a result of the dramatic increase in oil revenues in the 1980-85 period, it was possible forEgypt to implicitly subsidize domestic petroleum products by selling them to Egyptian customersfor prices well below those prevailing in the industrialized nations who are the dominantconsumelS of oil products. These implicit subsidies, along with the increased wealth providedby expanding oil exports, allowed Egyptians to afford the purchase and operation of a rapidlyexpanding number of motor vehicles. From 1980 to 1990, it has been reported that the numberof motor vehicles in Cairo has increased from about 400,000 to 900,000 (Blackwell, 1992), anannual rate of increase of about 8 percent. NaticJnwide, from 1981/82 through 1990/94 gasolineconsumption increased about six percent per year. The rate of increase of gasoline consumption(and probably of vehicles) was greatest early in the 1980-90 decade, when world oil prices werehigh and domestic gasoline prices were low. From 1981/82 through 1985/86 gasolineconsumption increased by over 10 percent per year, but the rate of increase dropped to less thantwo percent per year after the collapse in world oil prices and subsequent decline in the rate ofgrowth of the Egyptian economy. Abo contributing to the slowing of demand growth forgasoline was a significantly greater absolute increase in gasoline prices than in gasoil or dieselfuel prices from 1985-90 (Abdel-Hakim, Feb. 1993).

However, in 1986 world crude oil prices collapsed, sharply reducmg the dollar value of Egypt'soil exports. In spite of the sharp drop in crude oil prices, the prices of refined products - someof which Egypt imports to balance specific sectoral needs - did not drop so rapidly. Further,the value of the Egyptian pound dropped, making oil product imports more expensive in localcurrency. Even though demand growth for oil and gas in tonnage terms slowed to 20 percentfrom 1985-90, the value of imports in dollar terms was reported to have increased by 25 percent(United Nations Environment Program, 1993). The result of the sharp 1985-90 decline in valueof crude oil exports and moderate increase in value of imports, combined with growth of theEgyptian economy was a drop of contribution of the petroleum sector to GOP from the 15percent value in 1985 to about four percent in 1990/91 (United Nations Environment Program,1993).



The consequences of this agreement are likely to be dramatic. In the first place, the agreementrecognizes Egypt's history of selling gasoil and diesel fuel for vehicular diesel engines at pricesmuch lower relative to gasoline than in most industrialized nations. In other words gasoil fordiesel engines is relatively cheap. As a result, the mix of transportation fuels in Egypt is heavilytilted toward gasoil and away from gasoline. In 1981182,46 percent of transportation fuels andlubricants consumption was accounted for by gasoil and 36 percent by gasoline. These shareshave been relatively stable, standing at 47 percent and 38 percent in 1990/91.

prices on the nation's export revenue, and of implicitly subsidized domestic petroleum productprices on domestic consumption of those products, Egyptian analysts apparently realized that atrend toward decreasing net export revenues from the petroleum sector existed, and the oddswere good that this trend would continue under current Policy. At the same time the losses inexport revenue made the need for loans from the World Bank greater than in the early 1980s.Accordingly, Egypt and the World Bank in 1991 entered into the previously mentionedagreement to raise petroleum product and natural gas prices to world price levels by Iune of1995 (World Bank, June 1991).

This mix of fuels has significant implications for the air quality problems experienced in Cairo,as will be discussed later. Similarly, the agreement with the World Bank - which requires asharp increase in the price of gasoil and diesel fuel but not gasoline - has implications concerningthe direction of change of transport sector fuel consumption and emissions. In particular, thelikely change in price structure will encourage a shift away from diesel engines and towardgasoline engines in motor vehicles purchased after 1995. This is also an impor.ant considerationwith respect to conversions of vehicles to natural gas, because it is somewhat less expensive toconvert gasoline engines to natural gas than to convert diesel engines.
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A recent study by Adel-Hakim for USAID estimated world prices for various petroleum producr;sand natural gas. Selected numbers from that study are presented below. Note that, accordingto that study, the 1992/93 Egyptian domestic price ratio for gasoil relative to regular gasolinewas 0.30, while the estimated world price expressed in Egyptian pounds led to an estimate ofa ratio of 1.0I. Note that the 1992/93 price of gasoil would have had to rise by 131 percent toreach world levels, and the 1992/93 difference in gasoil and natural gas price would havejumped from 226 LElton to 566 LElton. Obviously, the absolute fuel savings from substitutingnatural gas for gasoil would jump sharply if these estimated price adjustments were made.



Exhibit 4.5 Past Egyptian and Recent World Prices for Key Petroleum Products and
Natural Gas

One source (among ma.1Y) of uncertainty about the future prices of gasoline, gasoil and diesel
fuel is the flexibility of the agreement with the World Bank. The agreement requires that the
average price for petroleum products rise to world levels, not that any single price exactly match
world levels. Further complications arise with respect to the point at which the world prices are
established and the quality of the fuel to which the Egyptian petroleum products are compared.

Note that in commenting on the draft of this feasibility study, the Organization for Energy
Planning prov;' ~ some slightly revised figures for the prices of fuels in Egypt from 1986
through 1993. . table they provided is shown in an Appendix to this report. The differences
in the values are I,' ~ignificantenough to change the findings or conclusions presented in this
discussion. An exte~.,):ve review of the validity of the data from the two sources was not
deemed warranted for the purposes of this study. Future prices are of more concern.
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Egyptian Egyptian Egyptian World
LEiTon LEfTon LEfTon LEfTon

Fuel 86/87 89/90 92/93 92/93

Premium Gasoline 350 559 1295 898
Regular Gasoline 280 490 1257 860
Gasoil (Solar) 36 81 378 872
Diesel Fuel 30 75 132 872
Fuel Oil 15 35 115 306
Natural Gas 15 35 152 306

Source (Abdel-Hakim, Feb. 1993)

The above table makes several facts apparent. First, the agreement will have little effect on those
customers who would otherwise intend to purchase and use a gasoline vehicle. Second, the
agreement will have a dramatic effect on customers who would otherwise purchase a diesel
engine powered vehicle. Those consumers who will not under any circumstances consider
switching to a gasoline for a diesel fueled vehicle would nevertheless be likely to carefully
evaluate any replacement of diesel engines, and would be far more likely to purchase an
advanced, more efficient diesel engine. Many current diesel engine users will also be likely to
consider whether they should switch from gasoil to gasoline or natural gas. A third effect of
the agreement will be to slightly reduce the chances of converting gasoline powered vehicles to
natural gas, switching to natural gas when replacing a gasoline vehicle, or purchasing a natural
gas vehicle rather than a gasoline vehicle when making a first purchase. If the Egyptian
government had chosen to drop gasoline prices to the world level and increase natural gas to the
world level in 1992/93, the difference in price between gasoline and natural gas would have
dropped from 1105 LElton to 554 LElton. However, a fourth effect is opposite to this one,
providing a greater incentive to switch from gasoil to natural gas, where the difference rises
from the previously noted -values of 226 LElton to 566 LElton.



4.4 Natural Gas Distribution System

4.5 GasoillDiesel Supply

Because CNG will substitute for gasoil/diesel fuel in the transportation sector, a brief summary .of the status of supply and consumption of this fuel in Egypt is provided in the tables below.
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According to the numbers for natural gas in Tables 2.1, 2.2, and in Annex 2 of the Hertzmarkstudy (not duplicated in this report), a $70/tonne of crude oil equivalent price of natural gaswould be auout two dollars per million BTU's (2/1(1 BTU's), a price sufficient to cover costsof production and delivery to Cairo of bulk g~ in nearly all circumstances evaluated.Hertzmark's Annex 2 indicated that Egypt's bulk gas costs should range from about $1-2 permillion BTU's, with lowest costs for field extensions (Hertzmark, Nov. 1993).

The position of the public bus terminals relative to the gas distribution line and the costs forextending and connecting to the line are discussed later as inputs to the economic analysis.

Although the degree of incentive per ton of oil equivalent for switching to natural gas is less forgasoil than gasoline, garoil-fueled vehicles are generally more heavily utilized than are gasolinefueled vehicles, leading to opportunities to realize similar or greater annual savings owing to theoffsetting effect of greater annual fuel consumption and more rapid recovery of savings.

There is inherent flexibility in the World Bank/Egypt agreement concerning the matching of bulknatural gas prices to international fuel oil prices. International fuel oil is not a singlecommodity. Its price can vary widely, dependent on fuel composition - primarily indicated bysulfur content (though sulfur content does tend to be associated with other properties). In thestudy "Natural Gas Pricing in Egypt," by D. Hertzmark, the Oct. 1993 "international" price offuel oil with 3.5 percent sulfur content is listed as £55/tonne. while the price of fuel oil with onepercent sulfur content is listed as varying from $85-90/t, "65-70 percent of crude oil prices" ina footnote, and as $92/tonne in the table with the $55/tonne value for the 3.5 percent weightsulfur crude oil (Hertzmark, Nov. 1993, p. (5). The footnote implies oil prices in the $121138/tonne range. Thus, the quoted price of high sulfur fuel oil is in the neighborhood of 40-45percent of the crude oil price. In the event that natural gas prices were pegged to theinternational price of high sulfur fuel oil, the gas price in Table 1 could be as low as $70/tonne(233 LEltonne), well below the illustrated value.

The natural gas distribution network is growing rapidly in Cairo as the Ministry of Petroleumseeks to expand the use of gas in all sectors. A diagram illustrating the main distribution linesof the natural gas distribution system is provided in Section 6. Currently, a 7 bar line runs upthe western side of the Nile. There are now about four crossings of the line under the Nile toserve the other side. A large 30 bar line runs up the western side of the city. EGPC plans ona number of lines that will extend from this line west-ta-east across the city. EGPC hasindicated that they are very interested in cooperating with any CNG conversion program and willextend lines as necessary to meet the need.



"Other" includes industry, housing, agriculture, petroleum, and investment.

Exhibit 4.7 Sectoral Consumption of Gasoil/Diesel in 1992/1993 (Thousand Tonnes)

Sectors Quantity Percentage

Transport 2977 64
-Public 558 12
-Private 2419 52

Electricity 115 2.5
Other 1560 33.5
TOTAL 4652 100
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Gasoil/Diesel Production Imports and Consumption in the Year
1992/93 (Thousand Tonnes)

Item Quantity

Gasoil/Diesel Production 4569

Gasoil Imports 335

TOTAL 4905

Bunker -300

Gasoil/Diesel Available for 4604
Domestic Consumption

Datex, Inc.

Exhibit 4.6



Section 5.0 Selected Issues

5.1 Sc:fety

It is important to recognize the differences between the very substantial cylinders used in eNGand the light-weight tanks used for butagas. Also, the properties of the fuels themselves arequite different relative to explosion potential.
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Currently, the recertification procedure for DOT or TC cylinders requires that the cylinders beremoved from vehicles and taken to a DOT-approved facility. Cylinders are recertified byhydrostatically testing them to ensure they maintain pressure and have no leaks or stress cracks.

Natural gas onboard cylinders are manufactured to strict industrial standards using sturdymaterial. These cylinders are considered much safer than those used to hold liquid fuels, whichare made of thin sheet metal. Natural gas cylinders are tested to 5,000 psi pressure, and are
d~signed to withstand 7,500 psi. One out of every 200 cylinders is subjected to a cyclic pressuretest. This test includes cycling (filling and recharging) the cylinder 25,000 times at extremetemperatures.

Compared with gasoline and diesel vehicles. natural gas vehicles have proven to be very safe.Because nalUraJ. gas is a vapor and not a liqUid, it has unique characteristics. Unlike liquid fuelswhich pool on the ground when leaked or spilled, naturcil gas is lighter than air and will dissipateinto the atmosphere if leaked. The ignition temperature of natural gas is 1,200 degrees F,compared to 600 degrees F for gasoline, which makes it more difficult to ignite. Natural gaswill burn only when the proper air-ta-fuel ratio exists. Therefore, natural gas will not burn inconcentrations in air below 5 percent or above 15 percent.

The study team encountered significant concern about the safety of CNG vehicles and storagefacilities in Egypt. Frequently, the technology is seen as similar to the butagas cylinders usedin homes and which have been res}X)nsible for a number of very violent explosions and deathsin Cairo. These failures have been attributed to poor manufacturing quality control as a numberof local manufacturer:; have introduced poor quality versions of the simple sheet metal cylindersin to the local market. The poor ones are visually indistinguishable from the good ones.

We recommend that Egypt adopt a range of standards, regulations, and procedures similar tothose in the U.S. that have resulted in a very good record of CNG vehicle safety in the U.S.New cylinders are rmmufactured, tested, and certified in accordance with U.S. Department ofTransportation (DOn regulations, Transport Canada (TC) regulations, or American NationalStandards Institute (ANSI)/A.G.A. NGV2 standards. All cylinders must be periodicallyrecertified. Stul cylinders must be recertified every five years, and steel-eomposite and
aluminum-eo,~:posite cylinders must be recertified every three years. Cylinders manufacturesto ANSI/A.G.A. NGV2 specifications have a 15-year useful life, and no requirement forrecertification.



Severe abuse tests have been conducted that induded ~hooting cylinden with bullets, burningin a fire, and dynamite detonation. In each case, there were no ruptures of the cylinders or fuelignition.

In Egypt, Egypt Gas is responsible for the natural gas distribution lines. According to Law No:217, Egypt Gas is also charged with establishing procedures for testing CNG cylinders and forcertifying CNG cylinders that pass the test. A full range of additional codes and standards asdescribed for the U.S. situation is required in Egypt to ensure the safe operation of the CNGfleet. (Much of the material on safety issues presented here was taken from a Columbia Gas

Fueling of natural gas vehicles is also a safe process. Natural gas is dispensed through sealedsystems that are designed to allow natural gas to flow into the vehicle without leakage to theatmosphere. In dispensers using ANSIINGVI nozzles, unless the nozzle is properly connectedto a receptacle on the vehicle, natural gas will not flow. All natural gas fueling stations builtin the U.S. comply with National Fire Protection Association (NFPA) standards for safety.These standards include comprehensive, stringent construction specifications. In the U.S., thefollowing organizations have developed standards and codes to ensure both the safe constructionand operation of natural gas fueling stations. These standards are not directly transferable toEgypt. They are offered here to indicate the range of standards required and as a reference forEgypt's own CNG standards development process.
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ASME (American Society of Mechanical Engineers)
• Boiler and Pressure Vessel (B&PV) Code, 1986 Edition, 1987 Addenda.

Section VUI, Division I - Pressure Vessels
Section V - Nondestructive Examination
Section IX - Welding & Brazing Qualifications

• ASMEIANSI B31.3 - Chemical Plant and Petroleum Refinery Piping,
American National Standard, 1984 Edition

ASNT (American Society foe Nondestructive Testing)
• ASNT-TC-IA Recommended Practice
AWS (American Welding S~ic'Y )
• DI.I-88 Structural Welding Code - Steel
NEMA (National Electrical Manufacturers Association)
• Standards
NFPA 52 (National Fire Protection Association)
• NFPA 52 - 1993, Compressed Natural Gas vehicular Fuel Systems
• NFPA 70 - 1987, National Electric Code
DOT (Department of Transportation)
• Specification 49 CFR, Sections 172, 178, 393 - Latest Edition
OSHA (Occupational Safety and Health Act)
• Title 8, Article 7 of the Administrative Division on Industry General Safety OrdersUBC (Uniform Building Codes)
• 1988 Edition, Local jurisdiction
UL (Underwriters Laboratory )
; ;~ppro...ai



5.3 Compression Ratio Impacts

Most gasoline engines are designed with a CR of between 8: 1 to 10: 1. Most diesel engines aredesigned with a CR of between 14:1 to 18:1. The optimum CR for a CNG engine is about

The Statement of Work for this study requested that the issue of Compression Ratio beaddressed. This subject has been discussed in various sections of the report but is reviewedbriefly here for clarity.
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Power/torque loss always occurs when a naturally aspirated gasoline (spark ignited) engine isconverted to natural gas. This is also true for dual-fuel conversions of naturally aspirated dieselengines. By careful selection of a turbocharger, there is no power loss associated withconversion of a turbocharged diesel to dedicated natural gas engine. Engines in Cairo arepredominantly naturally aspirated.

Compression Ratio (CR) is the ratio of the volume in an engine cylinder at the piston's furthestpoint (largest volume, lowest compression) in the stroke to the volume of the cylinder at highestcompression (smallest volume). Engines are designed with different CR's to account for thecharacteristics of the specific fuel intended to be used. The selection of a given engine's CR inthe design process is essentially a compromise to achieve the best mix of power, low emissions,,,"rt lC!'f"fi",;on,.., .,.......".... 'I.e"" " :.. '" .L. ~"= _-;~;~_1'., .J~C";r,~03A ~-- -.~!"'.:. ~ ..... 4-"::a .. ': 'H~~l
.,", '-.' o\.4..J, .• il ", 0 - - - _ O -... J "'-_w..c "" b6o&oo.l""'.U.V v. u.""~fuel is made to run on CNG (or any other fuel,) the power, emissions, or efficiency are not thesame as with the original fuel. For this reason, the compression ratio is an importantengineering consideration.

It is theoretically, and sometimes practically, feasible to modify a naturally aspirated gasolineor diesel engine to operate as a turbocharged natural gas engine with zero power loss, orpossibly some power gain. Costs of such modifications will be higher (versus no turbocharger)and older engines may not be suitable for such modifications. .

Within this study, the case which is of most concern, relative to power loss, is the CTA buses.The economics of dual fuel conversion of these buses are evaluated in Section 7. The managerof the CTA fleet has serious reservations about the acceptability of any power or torquereduction in his bus engines. It is his belief that these engines are operating marginally nowrelative to the demands placed on them and that reduction in torque would be unacceptable.Because these engines have never been modified to CNG before, the dual fuel option wouldrequire more careful testing during the pilot phase, given these concerns. The study team'sreview of the case concluded preliminarily that the engines used are adequately sized relative totheir load to accept a slight reduction in power (10 to 20 percent.) However, the study teamconsiders the dedicated natural gas engines to be the more "technically certain" option, whichwould avoid the question of power loss.

5.2 Powex-/Torque Loss



5.4 Egyptian Manufacturing!Assembly Capability
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As for production of the eNG cylinders, one military manufacturing company is believed tohave the capability of producing them due to their experience in production of high pressure .chlorine gas storage cylinders. A broad eNG conversion program should include measures toencourage Egyptian firms to enter the arena. Benefits in the form of higher employment and

Egyptian industry currently manufactures numerous automotive components and assemblespassenger cars, buses, and other vehicles. Certainly, Egypt has the capability of manufacturinga significant portion of the components used in CNG engines, as well as the engines themselves.However, the engineering and tooling up to produce these components represents a significantinvestment that should probably be held until the future direction of CNG use is determined inthis country. When it has been determined that CNG vehicles are acceptable, the logical nextstep will be the manufacture or assembly of new or reconditioned natural gas engines in Egypt.For this task, the public and private sector companies that may be candidates are: The El-NasrAutomotive Manufacturing Company (NASCO), CTA, GCBC representing the public sector;or Carlin Middle East, Ghabor, Isuzu, Ghorica, representing the private sector. General Motors(nM\ ;c: 'lnnth~ .. .,.,,,..u;...C", ; .. c ...."". 1......1.. ..... I.~ ~...~. ~··--...,.-"'d -- :_·.,...o .. ~ : - -- --'lyl'ng.......... 6 _ •••• .:;t,J, • .t.L4 _., --.:JJC~' _L to"""'J ; , .... •• --.J -. - ••r.--- __ '-6!"'1'the technology in Egypt.

For the-purposes of this study, the CR is assumed to remain unchanged for dual fuel and bi-fuelapplications. The corresponding decreases in power and efficiency are discussed elsewhere inthis report. When new, dedicated CNG engines are discussed, they are assumed to have CR'soptimized for CNG.

Gasoline or diesel engines can run on CNG without changes in their CR, but their performancesuffers. As a result, add-on kits that only change the fuel introduced into the cylinders loseperformance relative to the gasoline or diesel operation for which they were designed. Theirpower is lower and they are not as efficient. The emissions of some pollutants may be lowerthan with the original fuel, but the emissions of other pollutants may be higher. These nonoptimum characteristics are frequently accepted due to the lower cost of this type of conversion,if the operational requirements of the vehicle can be met with the lower power.

Engines that are modified to run on two fuels simultaneously or switched from one to the othercannot be optimized for both. Hence, naturally aspirated bi-fuel and dual fuel engines havepoorer power, emissions, and efficiency relative to dedicated CNG engines with modified CR.For this reason, whenever possible, engineers prefer to make changes in the engine CR and usededicated CNG engine.c;.

Therefore, unless a CNG conversion in an engine includes a modification of the cylinders,stroke, or head to change the CR from the original engine specification, the engine will not beoptimized for power, emissions, or efficient combustion of the natural gas.



Exhibit 5.1. Assumed Import/Export Fractions Used in Economic Analysis

5.5 CNG Project Development
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CNG System Component Percent Imported

Compressor Costs 100
Power Costs 30
Maintenance Costs .30
Station Storage Costs 100
Dispenser Costs 100
Miscellaneous Costs 50
Installation 50
Vehicle Conversion Kits 100
Vehicle Tanks 100

Datex, Inc.

In light of these factors. any recommendation or further consideration in this report of CNGconversions of major fleets in Cairo assumes that, in the event that a decision is made toproceed with a conversion program, a significant engineering phase and a pilot programphase will be included. We assume that at least a one year engineering phase will beundertaken before a significant number of vehicles are converted. This phase would includeo.tO"C"'; .. 'di ..a.,:c , of "'''·~;1~b1~ _..... - ... ,""\- :_- 1..:.~ ,- .. ~""l'n&:l(, r",c " .....p..opn·'"·":lInor~ ~ -.~_ .. : ~"'·:on
'''.''.H .... _ y t <..Lv .... 0.1 !I,; .wU' _ •• '_0__.....0 ...... AV "11 A ..L'" ."',),) VA "ppU'-C.LU ,selection and design of storage systems, and careful engineering of concepts discussed in thisreport. It would also include engineering and emissions tests in a typical crA diesel engineappropriately modified to operate as a dual fuel or dedicated engine. Engine dynamometer testsmust be conducted to determine the BHP, torque, and fuel consumption characteristics atdifferent loads and speeds. The data will be compared with the standard diesel engine. Costsof conversion kits and time needed for conversion must be documented. This engineering

better balance of trade would accrue to the Egyptian economy as a result. The 'program mustrely in its early stages on foreign equipment: engines, conversion kits, cylinders, compressorsand controls. Assembly and installation of components is certainly within the current capability,of Egyptian firms.

The economic analysis presented in Section 7 makes assumptions regarding the percentage oflocal contribution to the costs of the system as listed in Exhibit 5.1.

As mentioned elsewhere in this report, for many years vehicles have been converted to operateon eNG. The technology exists and is relatively well developed. However, each applicationis different and the con....ersion to CNG can have significant negative impacts on the performanceof the vehicle. It must also be remembered that there have been failures in CNG conversions.Generally, problems that are encountered in a conversion can be resolved with technical fixesif basic errors have not been made in the selection of the specific conversion methods chosenfor each vehicle. It is also worth repeating that the specific engines in the CTA bus fleet, forinstance, have not been converted to CNG before, although efforts are underway.



5.6 Extended Engine Life and Reduced Maintenance Costs

5.7 Reduced Lubricating on Consumption
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to an oft-eited habit of changing engine oil very frequently under the belief that this wouldextend engine life. It may be difficult to get the users of CNG vehicles to take the chance onextending their oil change schedules. To some degree, with the lack of experience and test datain Cairo applications, caution is probably best. Thus, we have not included any reduction inengine lubricating oil costs in the economic analysis.

Advocates of CNG vehicles also point to the ability to increase the time between oil changesbecause of the cleaner burning characteristics of the fuel. However, the dusty air in Cairo maybe a bigger factor in oil contamination than blow-by of fuel combustion products. Also, the highf""'c.'t n~.,a"';,..ill;."\":'" ,-.,..: 1",":••"".- -;3,.r,"",~~' :~,,,,,,,,,,,,......,..:. """,..f tot...'30 '.: ...: r-o 1 -: .~. " .• "~ •
..... to , •• ' v •• a ._ J.O & ~._._ r-"--".- -.."" -.. W &£...,."' ..,......1 ..Uri ,""",,1lJ"V4 VU J'cJ..) ".;:u

Reduced maintenance costs are also claimed in conjunction with the longer engine life. Thestudy team believes that reductions in the maintenance costs, especially in the early stages of anunfar.tiliar technology, cannot be counted on. It is uncertain as to how much a particular typeof fuel affects the maintenance requirements of a Cairo vehicle, especially in light of thequestionable routine maintenance some vehicles receive and the very high levels of air-borneparticulate that can get into an engine. For these reasons, we have not included any adjustmentsfor decreased maintenance or extended engine life for CNG vehicles in the economic analysis.

The engineering phase must be followed by a pilot phase in which the designed conversions areimplemented in a few vehicles. Some problelWl should be expected with the Ill's! vehiclesconverted. It is important that these problems be identified and corrected before proceeding tofull scale conversion of the fleet(s). We recommend that a one year pilot phase be included inthe overall program, depending on the technology options selected. Existing CNG enginesalready in use elsewhere might require only a one year program, while entirely new, unprovenengines or conversions might require two years or more.

development activity must be an integral part of the conversion program, and professionals fromthe appropriate fleets and the appropriate agencies of the Ministry of Petro1eum shouldparticipate.

Some proponents of CNG use as a transportation fuel claim that CNG use can extend the usefullifetime of an engine and that this represents a significant cost savings. The study team does notbelieve that this claim has been sufficiently demonstrated. In addition, one must remember thatgasoline engine vehicles in Cairo are operated for a very long time anyway (about 20 years).A significantly longer engine life would be very difficult to demonstrate here and of questionablepresent value in a 15 year economic analysis using interest rates of 10 percent or so. Dieselengines in the bus fleets are replaced and rebuilt more frequently. In these applications, CNGengines have the best chance of extending erlgine life, but until a pilot phase demonstratesexu.mdeu life, we recommend that feasibility decisions not be based on assumed increases inengine lifetime.



6.1 Rationale for Sellection

Section 6.0 Selection and Description of Options for Detailed Study·
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• The greater the number of engine types within a given population, the greater theengineering effort associated with the conversions. Each engine type requires a
specialized "kit" and some engineering to optimize.

• New dedicated CNG engines are more "technically certain" conversions than dual
c..:~l or hi-fuel :"~t:':f::~.

• Vehicles operated in fleets with central ownership, central maintenance, and thatreturn daily to a central location offer significant advantages in terms of
economies of scale and the greater degree of control that can be exercised over
such fleets during an early conversion program. This is not to say that other
fleets should not be considered. Rather, in the opinion of the study team, "true
fleet" operation as defined above offers a more controllable place to begin. Of
the parameters that define a fleet and impact the likelihood of success of a
conversion effort, we see central ownership ano central maintenance as more
important than returning to a central location. In addition, a lower level of
diversity of vc~hicle and engine types in the fleet is advantageous.

• An old vehicle in poor condition may not have enough useful life left to justify
a conversion.

Fuel injected and electronic ignition vehicles generally perform more reliably
when converted than vehicles with carburetc!'s and mechanical ignitions.

• Small passenger cars are generally more difficult to convert than larger vehiclesdue to reduced space available for cylinders and they are more difficult to
economically justify converting due to higher fuel economy, which reduces the
cost savings potential of CNG.

As describl~ in Section 4, the vehicle population in Cairo is large and diverse. Given the taskof defining where early efforts should be made to convert the vehicle population to CNG, weelected to use several s\JIbjective screening criteria to reduce the extent of the analyses toreasonable levels. Some "conventional wisdom" or rules-of-thumb have developed for CNGconversions and a few CLre worth repeating here. These are not hard-and-fast rules, onlyguidelines.

Some of the above do not offer much help in selecting among the options in Cairo. There arevery few vehicles with electronic injection and controls in the Cairo area because of the highaverage age of the vehicles and higher cost of electronic control systems. In addition, the growthin the number of many types of vehicles is such that only using CNG in new vehicles would taketoo long to have an impact. For instance, annual new bus purchases for the CTA bus fleet are



Several other factors should be considered in the selection process:

less than five percent of the fleet.
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• Buses - The bus population is made up of school buses, tourist buses, publicbuses, and private buses. Almost all buses have diesel engines. School buses aregenerally operated in very small fleets by private schools. They are of verydiverse engine type, age, and condition. They are dispersed throughout the areaand do not operate year-round. They would thus be poor candidates for early
~U!'lication '1f ~N'(]. Th~ tl)lJr1st b'Jses m'.!st h~ 2b!e ~~ h~ '!~erl n~ ln~~ trips
outside Cairo and the tourism industry is still economically depressed. Therefore,until the CNG distribution network is greatly extended, early conversion effortsshould probably not focus on tourist buses. Several significant fleets can befound in the remaining categories of buses. Many of the large public companieshave large bus fleets to pick up their employees. These fleets are housed within
a central com~y facility and make several rounds each day depending on the

• Passenger cal'S - The car population in Cairo is large and growing, and certainlyis tempting to target for CNG conversion. Almost all passenger cars havegasoline engines. However, the age of the average car, the great diversity ofengine type, the small size of and the poor maintenance given the typical car, andthe high passenger loads frequently encountered with small engines all combineto make them an unlikely early target. We could identify no automobile fleetsthat are operated as true fleets, including taxis. Taxis are individually owned andoperated for the most part. Most government vehicles are operated no differently
than personal passenger cars. One exception may be the passenger cars used bythe electric authority residential area service personnel, but we were not able to
get adequa~ information on them in the time available.

• The fleet selected should be significant enough to have an "impact." Included inthis term is the degree to which a selected portion of the fleet could act as a
"seed" or example for later CNG conversions. Also included is impact on naturalgas utilization and emissions reductions.

• Air-borne particulate is well known to be a major problem in Cairo. Dieselengines typically produce many more times the quantity of particulate matter thangasoline vehicles.

• USAID's interest in CNG conversions is largely driven, at this time, by concernwith the poor air quality in Cairo. Vehicles that operate a significant portion ofthe time outside Cairo would have little impact on Cairo Air Quality if converted
to CNG.

Dalex,.lne.

Given all these criteria, let us review the Cairo vehicle population. Refer to Section 4.1 forquantitative data.



Passenger cars were included in the analysis b.ecause of their number and growth rate. Heavyduty trucks are im~ttant because they probably repn:sent the largest fuel consumer of thetransportation sector. Buses were included because the nature of their operation makes themvery good candidates.

The strategy selected was to pick several specific cases from each of the general vehicle typesand perform sensitivity studies around them to permit planners evaluating other cases to drawinferences from this ::;~udy. (We recommend, however, that detailed investigations be conductedbefore any actual conversions are done on any vehicle.)

The microbus or minivan taxi fleet has been growing very rapidly in Cairo.
These microbuses are individually operated. They are usually very crowded and
travel significant distances each day. Their small size and high loading make
them unlikely candidates for early conversion. However, the growth rate in this
type of vehicle does make the analysis of new dedicated CNG vehicles of interest.Insu:ficient data were available for analysis of this option.
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• Trockt; - The number of heavy duty trucks greatly exceeds the number of buses
in the ~airo area by a factor of about 9: 1. Almost all of the heavy duty truckshave diesel engines. It is very difficult to get accurate data on the make-up of the
truck population. Apparently, many are owned and operated by individuals.Many of the trucks are long haul trucks or construction related vehicles that must
be able to operate outside the Cairo area. However, we did identify several
delivery truck fleets that are operated in true fleets and that may offer significant
opportunities for early CNG applications. For instance, the Cairo Beverage and
Industrial Company (7-Up) operates a fleet ofabout 200 delivery trucks that make
several rounds a <by. The company has expressed a strong interest in CNG for
its vehicles and also for the forklifts used in the plant. The Coca Cola distributor
was also visited and has a similar fleet. No information could be obtained on
light duty trucks. MC&JlY are known to operate on gasoline. Some of theministries have fairly large numbers of trucks.

number of shifts operating at the plant.. Two large bus fleets, the Cairo Transit
Authority (CTA) and the Greater Caim Bus Company (GCnC) operate many
buses for public transportation. Both of these latter bus fleets have justifiably
been the subject of interest for CNG con~rsion for some time. As a result of
this interest and because of the real advantages offered by these opportunities, this
feasibility study must address the public transportation bus fleet.

In each case, various individuals have been proponents of different approaches to theconversions. For instance, some peoplt: in authority believe dual fuel conversions are best;others feel that bi-fuel is required; still others advocate dedicated engines. Given this situation,it is best to evaluate the economic feasibility of each type ofconversion to facilitate development .ofa consensus. This multi-case approach is also the best way of providing sufficient informationto assess the overall potential of eNG as an alternative: fuel for the Cairo cLrea.



6.2. Input Values for Modeled Options

• A "Typical" Passenger Car Fleet
- Bi-fuel retrofit conversions
- New dedicated CNG automobiles

BaseQ on all the foregoing considerations and others, the following options were selected for
more detailed analysis:
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• The Cairo Beverage and Industrial Company Truck Fleet
- Dual fuel retrofit conversions
- Dedicated CNG retrofit conversions
- New dedicated CNG engines
- New dedicated CNG trucks

• The CTA Bus Fleet
- Dual fuel retrofit conversions
- Dedicated CNG retrofit conversions
- New dedicated CNG engines
- New dedicated CNG buses
- Dual fuel, closed loop controlled retrofit conversions

• Light Duty Gasoline-fueled (Pickup) Trocks
- Bi-fuel retrofit conversions
- New dedicated CNG trucks

We provide in the next subsection a brief description of the assumptions made and some of the
engineering details that are used in each case in the economic analysis of Section 7.

There are two bus companies that serve the city transportation needs within Cairo. These are the
Cairo Transit Authority (eTA) and !he Greater Cairo Bus Company (GCBC). The following
tables give details of the number of garages associated with each company and the types of
vehicles that each company operates.

Datex, Inc.



Exhibit 6.1 Cairo Public Sus Fleet
Cairo Transit Authority & The Greater Cairo Bus Company

Bus Age in Year. 0-5 5-12 12·16 >16

eTA Garages NASR 871 NASR 811 Heavy Duty Mercedes TOTAL
Terra 10 131 64 205
Mezalat 15 132 42 189
Sawah 135 135
Gesr EI Suez 17 222 8 247
Amiria 62 94 39 195
Nasr 83 150 7 240
Fath 10 159 7 211
Atr EI Nabi 20 168 28 216
Fom EI Khaleg 10 29 61 100
Giza 21 35 22 78
Mounib 119 87 206
Imbaba 114 107 221
Badr 140 140
TOTAL 616 1260 313 194 2383

Notes:

1. The Heavy Duty Bus has a water cooled DEUTZ engine Model FB 413L
2. The Nasr Bus 811 has an air cooled DEUTZ enGine Model FBL 413
3. The Nasr Bus Model 871 has IVECO engine Model AP 160
4. The Mercedes Bus has engine Model OM 352.

(Hamid Mokhtar, Abdel, Head of Technical Affairs, CTA, MAY 1994)

Datex, IDe. CaIro CNG Vehicle FeasibiUty Study
Final Report
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exhibit 6.2 Greater Cairo Bus Company·· Status of Existing Buses

Note: The IVECO buses at GCBC are fitted with Fiat 8210.02 engines.
(Abas Nadim, Eng. Shehata, General Technical Manager, Greater Cairo Bus Company, May 1994.)

The distance travelled by the crA buses is 230 KM per day. The distance travelled ranges from
170 KM lday to 370 KMlday.

Cairo eNG Vehicle FeasibWty Study
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Status of Existing Buses

Branches Total Under Repair In Operation
Helwan 214 32 182
Cairo 130 3 127
Katamia 210 5 205
Port Said 249 40 209
TOTAL 803 80 723

Exhibit 6.3 CTA and GCBC Buses in Cairo

Cairo Buses Total

Operational Repairs

CTA 2271 t.24 2795
GCBC 723 80 803

TOTAL 2994 604 3598

Cairo Transit Authority (erA) has 13 garages with a total of 2383 buses. There are 616 Nasr
871 fitted 1;\/ith rvECO Model 160 diesel engine, 1260 NasI' 811 with DEUTZ air cooled engine
Model 4U ; 313 Heavy Duty DEUTZ water cooled engine Model 413 Land 194 Mercedes
Benz ;~",~ :ne Model OM 352. For the economic analysis, it was assumed that the average number
of b~,:'~(;5 per crA garage is 220.

Data, IDe.



Note: The total number of eTA buses according to the breakdown (2271 + 524) in Table 1 is less
than the total CTA buses (2383) reported in Table 3. This might be due to the Iranian Mercedes
minibuses not reported in the breakdown in Table 3.

Of the 2047 Nasr buses available for service (Refer Exhibit 6.4), 80 percent are scheduled for
light operation each day. Of this number, 90 percent operate 16 hours per day and remaining
operate at 8 Hours per day.

(Hamid Mokhtar, Mr. Abdel, Head of Technical Affairs, CTA, May 1994t
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53

67

76

328

524

Out of Service

234

.:STATUS OF eTA BUSES

2271

In Operation

2047
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CATEGORIES

NASR Buses in Service

NASR Buses to be Scrapped

NASR Buses Under Repair

Iranian Mercedes Buses in Service

Iranian Mercedes Buses to be Scrapped

Mercedes Buses Under Repair

TOTAL

Exhibit 6.4 Status of eTA Vehicles

Datex,. Inc.



The equivalent amount of natural gas for 270 km is 5487 SCF.

Storage CyUnders on Board the Buses.

The inside volume for the storage cylinder = 35890 in3

Cairo CNG Vehicle Feasibility Study
Final Report

Using the weighted average of 56.56 liters of diesel oil consumed by the heavy duty CTAbuses travelling a distance of 100 km, the fuel consumption for 270 krn = 152.71 litersof diesel oil.

In the case' of'dedicated natural gas engines, the entire fuel will have to be supplied bynatural gas.,F~r this case 10 cylinders were selected for the analysis.

Assuming that the diesel and converted natural gas engines have efficiencies of 36 percentand 32 percent respectively, the natural gas equivalent for the converted CTA bus, allowingfor differences in engine efficiencies, will be 6173 SCF.

For the case of the dual fuel, beth open and closed loop controlled, conversion of dieselengines, part of the fuel (10 - 15 percent) will be supplied by diesel fuel. This fact providesadditional reserves of natural gas.

The ratio of the estimated SCF volume at standard pressure to the inside volume (irr) ofa cylinder at 3000 psi is 0.172 SCF lin].

Choose a fIlament wound aluminuml E Glass design cylinder 11.3" in diameter and 72 "long weighing 130 pounds. The inside volume of the cylinder = 5218 irr.

The average number of cylinders = 35890/ 5218 = 6.88 cylinders.

Choose 8 cylinders with a volume of 41744 irt. The reserves will be 41744 - 35890 I35890 = 16.4 percent.

The equivalence between the BTU content of natural gas and diesel fuel is computed asfollows: The heating value of 136 Standard cubic feet (SCF) of natural gas is equivalent tothe BTU content of one U.S. gallon of diesel oil.

Datex, Inc.

Even though the economic and financial analyses call for the entire bus fleet, the analysis andpilot study of typical buses within the CTA fleet will provide adequate insights to the operationof all the erA and GCBC buses because both companies operate similar buses. Further, theteam did not find equivalent detail of engineering and cost data on the GCBC garages and buses.



Notes:

Exhibit 6.7 Fuel Consumption for CTA Buses

The average fuel consumption for the different types of CTA buses is given in the following
table.

Nasr 811
222
94

Nasr 871
17
197

BEST AVAILABLE DOCUMENT
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TYPES Diesel (Solar) Fuel: Engine Oil: kg/l00 km
Iiters/l00 km

Heavy Duty 56.0 1.0
NASA 811 56.0 1.1
NASA 871 58.0 0.7
Mercedes 42.5 0.9

6.2.1 Number of Buses

Pilot Garage
1. Gesr El Suez
2. Amiria & Sawah

The economic and financial analyses of CNG conversions relate to the water (ooled Nasr 871
and the air cooled Nasr 811. Two separate CTA garages were selected becluse each garage has
a predominant number of Nasr 811 or Nasr 871 buses at each garage as indica.ted below:

The three garages are located on the eastern side of the Nile river as indicated in the following
map (Exhibit 6.8). On the eastern side, natural gas main lines with a pressure of 30 bar are
availaole. Each station selected for the pilot study is located near the 30 bar line, thus the cost
of the natural gas pipeline extension to the garages will be low relative to other locations.

The buses at Gesr El Suez can be tested for the conversion of air cooled Nasr 811 engines to
eNG whil(~ the garages at Amira & Sawah are targeted as a group to test the conversion of
water cooled Nasr 871 engines to operate on natural gas. Thus the garage at Gesr El Nasr will
be serviced by one natural gas filling station located at the garage while the garages at Amiria
& Sawah will share one natural gas filling station.

Even though there will be four crossings of the natural gas pipelines across the Nile river, for
the time being the available line pressure on the western side of the Nile river is at 7 bar.

-'-: .:.. '::'"~~3 distancs t:-=vel.3d ::',' I ~~ ".-- ~U::iCS ;;~f;;i;; ,,;;~ ::."~; ~',;arhau£; ~: ...;.~~v "IVI.

2. After the first complete bus overhaul. the engines are overhauled each time the average
additional distance travelled is 70.000 KM

3. The number of revenue passengers per heavy duty CTA bus/day in 1994 was 1198
4. The number of heavy duty eTA buses in operation = 2000
5. The average distance trdvelled by CTA bus = 230 KM/day

Datex, Inc.



Exhibit 6.8 Map of the Garages

~"'UJ\('w.:~.~

=-1:~;...;.J;,r,r.:,'.,.

• ~ ....... ·'- ... 1 ,,.,, ...

_ ..."1_ •• : ~~t!"--a._--:,....l ~J.f""""'"

, '.
"

.J,--...-.. ..
0.. r /
.oJ ;'

~"

! I
,t.'

...L?' ,., '1

\.

,' ..

..... _'-
iI .

'-., i
,
I

'.'- i" '-I
I

~".,...
. ". " ~.~

"....
"



l'

, "

'Ilj,

6-11

j:~~~~~~1
/--

, ------ .
...~_.'. I 'I'UQI'O'" ~" , I

,~t '

Cairo eNG Vehicle Feasibility Study
F"mal Report

--
..

p-

•

I -"~"7;0:,,;'
, - ,. ,

~'~
!

r

Exhibit 6.9 Distribution System

.....!..', 0' •

Datex, Inc.



6.2.3 Data Tables

Of the 2047 Nasr buses available for service at CTA, 80 percent are in operation each day. 90
percent of the buses in operation are on duty 16 hours per day.and the remaining buses operate
8 hours per day.

The average fuel consumption for the different types of CTA buses is given in Exhibit 6.7.
Using the number of Heavy Duty, Nasr 871 and Nasr 811 that are in operation, the weighted
average of diesel fuel consumed by the three types of heavy duty buses = 56.56 liters per 100
krn.

6-12Cairo CNG Vehicle Feasibility Study
Final Report

The eTA Bus case is well documented as described above. The other cases selected for analysis
are not as well documented. The study team met with individuals from the Cairo Beverage and
Industrial Company and obtained significant data through discussions with them. For the
passenger car and light duty truck cases, the study team developed input data based on
discussions with numerous individuals in all sectors. These were the least well documented.
In some instances, estimates were made based on the teams' experience and background. Input
tables describing the above described inputs and for other options investigated are provided
below.

Datex, Inc.



CfA BUS CfA BUS CfA BUS CfA BUS CfA BUSRETRO RETRO NEW ENG NEW BUS RETRODUAL-OPEN DEDICATED DEDICATED DEDICATED DUAL-CLOSEDLOOP
LOOP

Number of Vehiclet 220 220 220 220 220
Average Number of 176 176 176 176 176Vehicles Operating

Diesel kmll 1.77 1.77 1.77 1.77 1.77
CNG kmll Equival~nt 1.41 I.S 1.58 1.58 1.57
Daily kmlVehicle 270 270 270 270 270
Hn Parked 7 7 7 7 7(slow) (15) (15) (IS) (15) (IS)

Change in Lead. g/km - - - - -
Change in CO. g/km 11.3 -21.7 ·21.7 -21.7 -20.4
Change in NMHC. +2.2 -2.2 -2.2 -2.2 -2.2g/km

Change in NOx. g/km -7.4 ·11.0 -11.0 -11.0 -11.2
Change in SOx. g/km -0.9 -1.7 -1.7 -1.7 -1.5
Chango in PM. g.km -1.9 -2.4 -2.4 -2.4 -2.4
KITS 2500 3600 2500 2500 5000
Tanka Size (SCF) 784 784 784 784 784
Number of Tanka 8 10 10 10 8
TanbCost. S 3200 4000 4000 4000 3200
Labor Houn 64 70 30 30 64
Percent km on CNG 70 100 100 100 85 .-DaYI per Year 365 365 365 365 365Ope:'llion

Inspection Houra II 14 14 14 \I

Exhibit 6.10

Datex, InC.

Input Data for the CTA Bus Fleet for a Typical Garage
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TRUCK TRUCK TRUCK NEW TRUCK
RETRO RETRO NEW ENG DEDICATED
DUAL.QPEN DEDICATED DEDICATED
LOOP

Numbcr of Vchiclc. 200 200 200 200.
Avcl'llgc Numbcr 160 160 160 160Vchiclea Opcl'llting

Dics.:1 kmll J.2J J.23 J.23 3.23
CNG kmll Equivalent 2.82 2.87 2.91 2.91

Daily kmlVehicle 100 100 100 100

Hours Parked 7 7 1 7

Change in Lead. g/km - - - -
Change in CO. g/km +2.9 -13.2 -13.2 -13.2

Change in NMHC. +2.7 ·2.5 -2.5 -2.5g/km

Change in NOx. g/km ·1.5 -7.0 ·7.0 ·7.0

Change in SOx. g/km ~.9 ·1.7 -1.7 -1.7

Change in PM. g/lan ~.2 ~.7 .0.7 .0.7

Kit S 2500 3600 2500 2500

Tank Size (SCF) 784 784 784 784

Number of Tanka 2 2 2 2

TanbCo.t. S 800 800 800 800

l.IIIbor HOUri 46 46 6 6

Pen:cnt km on CNG 70 100 100 100

Day. per Year 312 312 312 31ZOperation

Inspection Houl'll 6 6 6 6

6-14Cairo CNG Vehicle Feasibility Study
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Input Data for Cairo Beverage and Industrial Company Trucks
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PASSENGER PASSENGER L1GHTTRWCK LIGHT TRUCK
CAR CAR (pICKUp) (pICKUp)
RETRO NEW NEW RETRO
Ol-FUEL DEDICATED DEDICATED DI-FUEL

Number of Vo;:hlclCl ISO of 300 ISO of 300 150 of 300 ISO or 300
Avenlge Number 120 120 120 120
V~hicl~s Openlting

Gasoline kmll 10.6 10.6 7.8 7.8

CNG I;mll Equivalent 11.55 11.24 8.19 8.39

Daily kmlVtllicle 55 55 100 100

Hounl Parked 16 16 12 12
Change in Lead. g/bn -.056 -.07 -.08 . -.084

Change in CO. g/bn +2.9 -13.2 -13.2 -13.2

Change in NMHC. -6.5 -25.5 -29.8 ·7.9g/km

Chanle in NOx. g/km -0.2 -0.9 ·1.04 -0.2

Change in SOx. g/km - - - -
Change in PM. I/bn - - - -
Kit $ 200 350 350 200

Tank Size (SCF) 459 459 459 459

Number or Tanka I I 2 2

Tanka Cost. S 350 350 700 700

Labor HOUri 13 13 16 16

Percent km on CNG 80 100 100 80

Cay. Per Year 272 272 272 272Operation .
InlIpection Houn 3 3 ,

6

Input Data for Petrobel Passenger Car and Light Truck Fleets
Exhibit 6. 12

Datex,.InC. Cain CNG Vehicle Feasibility Study
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7.1.1 Overview

• Vehicle capital and opecating costs (top middle of Exhibit 7.2)

• Station ca,pital and operating costs (upper left of Exhibit 7.2)

7-1 .Cairo eNG Vt!hicle Feasibility Study
Final Report
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• Design values estimated for key station components - the compressor and the gas
storage bottles (upper middle of left side of Exhibit 7.2)

BEST AVAILABLE DOCUMENT

• Costs and benefits and various economic performance parameters from the fleetowner's perspective (center of Exhibit 7.2)

•• '-'''1' .. 0. - ••• _ .• .;.~~~.~ ~~.-: :;u...mg:i WAU ~m15';luns iienems \~Up .d61H vi cAmOl[ ""-)

Basic output data is included in segments that list:

Section 7.0 Economic and Financial Analysis

• Vehicle input data, such as number of vehicles, average km per day, fueleconomy, conversion costs, etc. (across top of Exhibit 7.1)

Import cost shares, uses estimates of percent of components imported (right hand
side of Exhibit 7.1, under vehicle data input)

• Miscellaneous economic inputs, such as discount rate, labor rate, tax rate, landcost, exchange rate, etc. (two boxes on the lower middle and lower right ofExhibit 7.1)

• Station design factors (approximately in the center of Exhibit 7.1)

• Fuel-related inputs, such as gas price pressure, distance to distribution network,
electricity price, diesel price, etc. (left hand side of Exhibit 7. 1, under vehicledata input)

7.1 Description of Economic Model

An economic spreadsheet model has been constructed for a broad-based examination ofalternative transportation uses of natural gas in Egypt. The model is capable of providing betterprediction for large fleets than for small fleets. However, since larger fleets are more likely tobe economically justified, this "bias" is considered acceptable for this level of feasibility review.The model is currently on a Macintosh version of Excel spreadsheet software. Model input andoutput sheets which have been used in the results tables found later in this section can be foundin the Appendices for the cases/options analyzed. One copy of the model is provided here asExhibits 7.1 (Input Sheets) and 7.2 (Output Sheets) Basic input segments of the model include:



• Net export and import effects and emissions reductions etlfects from the EgyptianGovernment perspective. (middle right of Exhibit 7.2). Note that the estimates
in this section are !!Q! estimates of revenue to the Egyptian Government. Rather,they are the net effects to the Egyptian economy as a whole, most of which
accrue to citizens.

Undiscounted cash flows for the project in Egyptian pounds, through year 12 (usually annualcosts and benefits have stabilized by this date) (bottom of Exhibit 7.2). Thf: simple payback canbe determined by examining the values in the bottom row on Exhibit 7.2 (Cash Outlay Sum) anddetermining the y~ when cumulative cash outlay becomes negative (in other words becomesa net inflow).

The model is based on 15 year Net Present Value, bUlt has an option 'Lo analyze a ten year timehorizon (see lower right of Exhibit 7.1). The model includes detailt~ calculations outside thearea of the spreadsheet images used for inputs and outputs. At the end of this section resultsof use of the model to examine the economics of a range of alternative:s will be presented. Firstthe important technical and economic properties of th,e compressed natural gas fueling stationand vehicle conversion system will be described.

7-2Ca:rD eNG Vehicle Feasibility Study
FinaK Report
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The installation of a compressed natural gas station ,and conver:don of vehicles is a capitalintensive (high cost) investment which requires a mlatively It.:rge energy equivalent pricedifference between oil and natural gas (the gas being cheaper) fClr a reasonable rate of return.The flow of capital costs versus fuel savings benefits and annual operating costs is illustrated inExhibit 7.3, while the flow of annual ~1~ cunmlative net benefits are illustrated in Exhibit 7.4.This is an illustration of an advantagcuus case. The concept of the simple payback(undiscounted) is illustrated in Exhibit 7.4. The point where the cumulative annual benefits shiftfrom outflow of dollars to inflow (year 6 in Exhibit 7.4) is called the simple payback period,and is often used as a crude indicator for ranking alternatives in preliminary engineering coststudies.



~

m
)(
::rs=
;;
....,

<en

5"
"0
c:...

~
o
c.
!.

en
::r
CD
CD...
0-.....::r
CD

o
2
G)

m
CD

=CD-;:;"
o
o
en...

1-1ItJO

111070

10

Vdude T",Ita

Cumpr~rColIS

Puwer CoSlS

M_inIClUIll:. CoalS

SI_llun Slora&. CoalS

Dtspcnser ColIS

MlSccllmcouo Costa

hlSL'lllllion

~OlU

-IIMX,

ML"n:UANt:UIIS t:n)NII:\UC INPUI'S

I)_VI oC F1cd1StlllUlI OpcnllUll 365

~ch"'I' ItaIC 3.37

Tllne lI"rtzunIO""e 1"1 ~15 ~r. Q.lcr I Cor 10 yo 0

friICtion H.a:o\"a'llblc FrulII

Siouge Varies: 0.41110 1I.5S

Compreuor COSI FWICI"."

SCFM Intercept Slope

puUnil Term rocrti<.Ql

SO 23820 977
15 26968 637

100 31394 493

Fig. VII·I Input SIIQ:I for!lkl eNG Dllodil vs. Cosl MO<I"I

VALUE OF EMISSIONS REDUCTIONS S/lDnnc
Lad 7100

('arbon Moaolide (CO) 22
NOlI Methane HydrllCllbonJ (NMHC) 20S

Nltro&en <nJdeI (NOx) 7~

ParUc:ulataMa~ (PM) 1800

SuUllr 0xIde1 (SOx) 1200

IMISCEUANEOUS ECONOMIC INPUTS

Real DiSCDurtllUle.~ 10

ubor COCI. SIhr SS
irvDicillmllOrt Tne•. ~ 20
Cosl DC UOO Cor SlJliunll'IlLlIl SO

STATIOPo! DESIGN ."ACTORS

Jr(}J1y BurCer SIDDle. Box =1. OIhuwise Set = 0 I

COIl DC Slorll. as FracliClll DC ASME IUled Sioral. 0.39

Frlelion oCGu Rec:overobl. Crom Sioral. O.S

lloun available Cor slow fill >~ IS I For CaSlIiIl»» 7

Slow fill nIC. CM!minut. >>> l 0.12 I Fullillrlle>>> 17

~olJlirelSor CQII Function Inlacepl Term 31394
~olJlll'euor Colt Funellon Slope CoeClicicnl 493

COJl1lfessor COIl Faelor. > 6 Bu cnIcr 0.56. 1 111_ 0.56

HounI~y Cor Compraaor MainleIIIllC. I

A_Bi·FueI

Diesel Price. $/lila
Di_1 Sull\Jr Codall, ..

OeIivaylDilpcnsm, Colli, $II

'toW Diesel Pri"", 1ld'c.r.Tu'

I I IVcillckSlO
Vdliclc NIIIIC ConVClI

I cOMPRESSED NATURAL GA::JTypIcal eTA Bus Garage· Case lA .,::1 FLEET COST AND BENEFIT ESTIMATE MOUE" IN~'l;TSI~~"Jo;r: :J
'VEHICLE DATA INPU1'S VEIIICI.I:: .1

. • ,"•••• " ...... " ••::' ......-.. • •••• ."••- .I... , '

BEST AVAILABLE DOCUMENT



m
><
:T
C",..
-.,J

N

0
c:...
'C
C,..
en
:T
CD
CD...-0.....
:T
CD

nz
~

OJ
15yrNPV Rl

::3
SAVINGS Rl
S9,613,019 -;;.'so <
IS yrNPV en

COSTS
(")

(S540,591) 0
(S93.391) en...
(S91,293)

~(SS4J23)
0

(SSI.603) Q.

~
CD

~
~
($713.196)

S1,2U,606

Pcrcau

1ml1<>rlaJ

NET E 11: pUle T ·11\1 PO itT It E V t: N U E

Power CoslS I 30

Vehicle TlIlu I IlJO

Inslallalion I so
Vehlcle Con....ion KIlo I 100

Miaccllll\C(lUl Cu.l. I SO

MainletWlCe Cow 1 30

DilDClllCl Casu I 100

SlIlioo Slor'le CUllS I 100

Cormcuor CusU I 100

($37.662)

($201.623)

($65-4.150)

(SI.546.491)

(Slm.713)

TOTALI (S4.031.416)

ConpcucrCapacily (SCPpcdtiJ.oJle 2272

( in SWIlIard CIlbic MCCCI'I per t. our) 3160

SICIn.e Siu (!>.:f) 131469

in SlIJIdard 0JbIc: Ma. n) 3723

'AnON DESIGN VALUI ESTIMATES

BEST AVAILABLE DOCUMENT
OTAL BENEt'lTS I.ESS COSTS

ES11MATE OF llNDlSCOUNTED NET CASH 01 ruYIN EGYPI1AN POUNIl6 {1000s1
. 1 • . 2 3 .. 5 6 7 I 9 10 II 12

3459 2510 2610 :t.t,¥ 2146 393 393 393 J'J3 J'Jl 3'.l3 393

933 1166 2125 J7S1 4690 4690 4690 4690 ~6""" 41>')11 4690 4690

2526 644 ·215 ·1090 .1945 .,.291 ~29a .,.291 .",~JII ~21jK -42\1K ~291

2526 3111 2956 1866 ·19 . -4371 ·1614 ·129n ·1127u -2156H ·2S~06 ·30164



iii Annual Cost!

Simple Payback Period = (; Year

.CumulativE
Benefits

o Annual Benefit!
Less Costs

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ye a r

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 S.
Yea r

• Total Capital Cos [J Fuel Savings

,.

.

.

.

. .... E'I l ..1 D. I I. I I. L l L l. II..I

S800.000

so

$600,000

S400,000

S200,000

SI.000,000

$0

$8,000,000

$6,000,000

$4,000,000

$2,000,000

($2,000,000) .a- ...

Exhibit 7.3 Illustration of Flow of Costs and Fuel Savings Benefits for an
Advantageous Case (1 A)

Exhibit 7.4 Illustration of Flow of Net Benefits for an Advantageous Case (1 A)



7.2.1 Gas Connection Costs

7.2 Input Data

7-6

30

••

20

••

eM/Min. x 10"3

10

Cairo eNG Vehicle Feasibillty Study
Final Report

L 6
E
I
m

5 •I
M
i
I

4
C
M
I 3h
r

x 2

1
0
"3

0
0

Physical/engineering properties offer significant economies of scale in delivery of natural gas.
both in the gas supply network and in the CNG compressor station itself.

In this study we use the more sophisticated measures of discounted benetit to cost ratio (we use
10 percent real interest) and internal rate of return. All calculations are done in constant dollars
for year one of the project (== 1994). However, the simple payback point can be determined
from the model outputs at the bottom of the output sheet.

Exhibit 7.5. Estimated Relationship Between Cost of Movement of Natural Gas, in
Egyptian Pounds per Meter of Pipe Lengti'l, per Million Cubic Meters per
Hour Delivered, at 20 m/sec at 30 Bar (data courtesy of Egypt Gas)

Datex, Inc.

In the natural gas delivery system, the cost of pipeline per unit of volume of gas carried drops
sharply as the size of the pipe increases. The cost of connecting a CNG station to a gas pipeline
can be considerable, especially if the station has a small volume of flow and is far from the
source natural gas transmission or distribution line. A calculation done in dollars (@ 3.37 LEI$)
indicated that the dollars per cubic meter deliverable per hour per meter of pipe would be $1.64
if a 14 inch pipe served a typical CTA bus garage, but would drop to $1.12 if a 20 inch pipe
line were to serve two such garages. There are three pairs of garages in the CTA system which
are candidates for a single pipeline serving both, affording considerable potential for economies
of scale in connection costs for those stations. In the case just discussed above, the incremental
cost of the 20 inch line compared to the 14 inch line is $0.66, about 40 percent of the cost per
unit for delivery by the 14 inch line. Obviously, these properties suggest that, in the event that
CTA bus garages support construction of gas pipelines to the garage(s), the pipeline(s) should
be oversized and additional customers solicited so that the average costs can be reduced. (Note
that several aCHe garages are located near CTA garages and could be tied in as well.)



7.2.2 Onboard Vehicle Storage Cylinders

The vehicle itself may be thought of as a container also. As the outside dimensions of a vehicleincrease, space inside the vehicle tends to increase more rapidly than the weight of the vehicle.As a result, available room for placement of storage cylinders tends to be more readily found

Larger vehicle storage tank size also impacts positively on vehicle fuel tank weight carried perunit of volume of gas stored. In the case of the smallest and largest capacity tanks sold by theU.S. manufacturer discussed above, the smallest tank weighs 3.7 kg per cubic meter of gas
~arried wh~n fbI!. white the b.rgest t~.nk •....eighs 3.4 ~g ~r cubic meter. '!'his i:; cbviously asmaller effect than the cost effect, but it does contribute to reduction in the proportional lossesin fuel economy due to tank weight.
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E.conomies of scale are evidenced in other components of the overall CNG system, including abeneficial effect in the vehicles components. The volume of a cylinder of a given length risesin proportion to the square of the radius of the cross-section of the cylinder, while the materialused in the cylinder rises in proportion to the radius. The complexity of construction stays aboutthe same. Accordingly, the costs of storage per unit volume decline with the volume of thecylinder storage capacity. In the case of the costs of eNG fuel tanks from one U.S. supplier,we found that the retail price of one of the smallest tanks led to a cost of $1.58 per cub~c feet(!88 LE per cubic meter), while the largest tank cost $ 0.84 per cubic feet (100 LE per cubicmeter), a little more than half as much (Pressed Steel Tank, 1994). Note that we assume lowercosts in our analysis because we assume large quantity purchases of the fuel tanks. The costsused in the discussion above were from a sales representative quoting retail prices if only onetank were purchased.

The practical and economic impacts of the cost of delivering gas as a function of the volumedemanded by the customer are illustrated nicely by average U.S. data. There are five majorcategories of customer for which cost data are averaged in the U.S.(U.S. Energy InformationAdministration) Thege are, in order of cost, "transpbrtation, electric utilities, industrial,commercial, and residential". The transportation category refers to compressor stations adjacentto major U.S. pipeline which pressure to a transmission line and at as high a pressure as existsin the system (see discussion below). Such gas is nearly as cheap as the wellhead price of gas.In the U.S. in 1990, this price was $1.95 per thousand cubic feet. The next most expensivegas was that sold to electric utilities, for which the price was $2.38 per thousand cubic feet. Forindustrial customers the price was $2.93, for commercial customers it was $4.82, and forresidential customers it was $5.82. Not~ that the residential and commercial prices were morethan twice the price of transportation and electric utility gas. This provides some degree ofillustration of the very high costs of transporting gas through a distribution system to small anddispersed customers. We noted that the level of demand for a typical Cairo Transit AuthorityStation, if converted to natural gas, would be far above the demand of the one industrialcustomer that we visited, the Cairo Beverage and Industrial Company. The high costs of gasdelivery illustrated here are related not only to pipeline costs, but also to costs of metering thegas for small customers. The effects of metering costs were recognized in this study and stepsto hold the cost down were assumed, as discussed below.



7.2.3 Conversion Kits

7.2.4 Compressor Systems

From the data points developed by Filidaro for electric power requirements per unit of gascompressed, a continuous curve was developed by regression analysis for use in the model. The
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in larger vehicles. In the U.S., those CNG vehicles being developed by Ford, General Motors,and Chrysler tend to t':e vehicles of larger sizes, such as standard pick-up trucks, vans, andlarge sedans.

The pipeline distribution system itself impacts the capital and operating costs of the station. Gasis transmitted from wells to Cairo in large diameter pipelines operating at high pressure. Onceat the edge of Cairo, the gas is transmitted into Cairo in smaller diameter feeder lines. As theselines become smaller and smaller in diameter, the pressure in the lines is dropped. The majortransmission line serving Cairo operates at 30 bar, while a second large line operates at 7 bar.Lines serving residential areas generally operate at a pressure of 3 bar. The recently openedPETROBEL CNG service station (currently serving only PETROBEL CNG vehicles) taps intoa gas line which operates at 3 bar. Based on the characteristics of the types of compressors usedfor CNG, it is a cnnsiderable advantage to tap into a major pipeline at higher pressure. Thisis logical, since the gas stored in the vehicles has to be compressed to about 200 bar. Thus, thehigher the starting pressure from the gas pipeline, the lower the energy requirements to compressthe gas further to the level required in the vehicle storage tanks. The benefits of starting with';) h,ohp" ,"'pt nrp~s""e to the ,,"'....."" n .. ;""I"d" lO'''er ..I..,.....: ..: (or other ........,·e..1c. • ..," ~-st cor.. "'=.. - - .. :: "" u. to ....,.I.~.-.., '"" , 'v w J r""')'T A• .. _ I __ 11compression, and lower capital cost for the compressor itself, since it requires fewer stages.Our source for the relative magnitude of these effects was Filidaro (1990), who had prepareda discussion of the trade-offs involved in developing a station for a group of intercity buses.

The U.S. supplier IMPCO produces kits for engines above and below 4.0 liters. The Italiansupplier to PETROBEL, however, was indicated by PETROBEL engineers to supply kits in sizesfor engines above and below 2 liters. Generally, a kit for a light duty car or truck with a 1.0liter engine, from either the U.S. or Italy, would cost approximately the same as a kit for avehicle with a 2.0 liter engine. The relative cost for conversion would therefore be greater forthe smaller vehicle. At the same time, the smaller vehicle has better fuel economy, using fewerliters per kilometer, effectively saving less money per kilometer using CNG than the large car.So, the ability to payoff the costs of the kit would be greatly diminished in the smaller vehicle.Generalized, these properties of CNG storage and engine conversion systems tend to workagainst economical implementation in smaller vehicles.

As was the case for kits, we found that the U.S. tends to specialize in equipment for largervehicles. The range of fuel tank sizes offered by the U.S. supplier that we investigated (PressedSteel Tank, 1994) started and ended with larger tanks than did the range offered by the Italiansupplier (Barker,1990). Consequently, the comparative advantage that might exist for Italiansuppliers relative to U.S. suppliers for small passenger cars should disappear in the range ofvehicle sizes that includes buses.



Exhibit 7.6 Estimated Electric Power Requirements per Unit of Gas Compressed, forVarying Inlet (Suction) Pressures Into the Compressor (source: Filidari,
1990)

for compressor costs, Filidaro also presented estimates of the effect of inlet (suction) pressureon the capital cost of the compressor. In this case the relationship was not :J. smooth curve, butseemed to be consistent with the existence of a "kink" in the cost curve. Filidaro presentedestimates at 3, 8, 30, and 60 bar. Costs per unit of capacity varied most when going from 3 to8 bar, and then remained roughly constant thereafter. It is presumed that the increase from 3to 8 bar allows the elimination of a fixed number of stages in the compressor, and further
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intercept term for this curve was about 0.5 kWh per 100 SCF (17.7 kWh per 100 m3). A 1983estimate of power requirements for a representative U.S. station for a few light duty vehicles,operating at 0.5 bar, was 1 kWh per 100 SCF. We presume that contemporary and largecompressors (such as those used in a bus station) are more efficient than those assumed in the1983 U.S. analysis, and therefore we used the more general formulation base on Filidaro. Itis worth noting that the compressor can be powered by an on-site generator fueled by the gasin the pipeline. We have not analyzed this option, assuming instead that the electric power forcompression will be provided by EEA.

Datex, Inc..



We suspect that the optimized size of the individual compressors for the CTA fleet applicationswill be larger than 100 SCFM after detailed engineering design is completed, however, the totalsystem cost estimates developed by the model are satisfactory for feasibility study purposes.

pressure increases de not. The model allows the user to specify the fraction of cost ofcompressors operating at 3 bar in order to estimate the beneficial cost effect of increases incompressor inlet pressunr:. The value used in this study was 0.56, and it was presumed to takeeffect at 7 bar. This is a critical assumption that should be verified when making specificestimates based on information from particular compressor suppliers.

The costs of compressors were examined against those obtained from a study by Taylor, Euritt,Mahmassani (1992,1993) and determined to be similar to the costs implied by that study. Aminimum cost function was constructed, but it was based on the assumption of a singlecompressor. It was recognized that multiple compressors would be desirable, since theconsequences of failure of a single large compressor serving the whole station would be severe.One would probably prefer to have at least three compressors per station. For the CTA busgarages, the model inputs developed so far imply numerous 100 SCFM compressors, so thesafety in numbers is great and the need for reserves small. If larger compressors are of interestin practice for CTA garages, the station designers will want to carefully consider theconsequences of failure ofcompressors and its relationship to the most desirable size and numberto purchase. The model provides suggested compressor cost functions to simulate multiples ofSO, 75, and 100 SCFM. Investigation indicates that l00s are cheapest, even at small stationsizes.
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The model includes a ge,neral compressor cost-versus-size function, which is a straight line witha positive intercept. The base compressor cost values suggested for inclusion in the model, andused in this analysis, apply to compressors of 50, 75, and 100 SCFM marketed by Norwalk ofthe U.S.(Barker, 1990.) A rough quote was also obtained on a small household compressor(Fuelmaker, 1994) and storage system. The compressor cost was $3500 (11800 LE @ 3.37LE/$) with a capability to deliver the equivalent of one gallon of gasoline per hour (125,100BTU's/hr at values used in this study, and 2 SCFM at U.S. gas BTU content [1035 BTU/CF]).This compressor was designed to work at 0.14 bar, while the Egyptiim gas system pressures thatthe team was familiar with were 3 bar at a minimum. The cost of a 50 SCFM compressor was$39,700, in 1990, escalated at 10 percent to 1994, and 9.7 percent more to Cairo for shippingand insurance. The next two compressors were the Norwalk 75 SCFM at $41,500 in 1990, andthe Norwalk 100 SCFM at $44,500 in 1990. The costs per SCFM of service for thesecompressors drop sharply at each step up in size. $1750 per SCFM (3470 LElcubic meter/hour)for toe 2 SCFM (3.6 cubic meter/hour) unit, $870 per SCFM for the 50 SCFM unit, and $490PER SCFM (970 LE per cubic meter per hour) for the 100 SCFM unit. 550 SCFMcompressors have I.leen put to use in a Canadian bus garage CNG station. Note that the typicalCTA bus garage examined later is estimated to require capacity equivalent to four 550 SCFMcompressors.
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Exhibit 7.7 Potential Costs of Compressors Functions Examined Over a Limited Size
Range of Station
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7.2.5 RefueUng Station Design

The costs of metering natural gas are a deterrent to its use. Electronic dispensers capable ofrecording gas flow appear to be very costly - on the order of $25,000 (84,250 LE) pel'

One drawback of the fast fill option is the loss of storage capacity that occurs as the gas isheated by the fast fill process. This loss depends on the fill rate. Maximum storage is obtainedwith slowest fill rates. The model does not capture this effect, and consequently favors thesecond station concept a bit more than it should.
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One station concept is to have compressors fill station storage bottles over a period of severalhours and then have the vehicles quick-filled at a dispenser like those found at a gasoline stationand in a c~mparable amount of time. This design allows reduced compressor capacity, butrequires expenditure on storage bottles. When compressor costs are high relative to storagebottle costs this option is more advantageous. Taylor, Euritt, Mahmassani (1992,1993) assertedthat maximization of storage was always desirable, but the range of gas throughput of the typicalstation that they examined was far less than that which would occur at CTA bus garage stations.As was illustrated above, at low volumes of compressor capacity, costs per unit of g~s deliveredappear to rise sharply. If this option were adopted, the compressor would be on during mostof the day while buses were in operation, and would run infrequently during the peliod frommidnight to early morning when the buses were filled.

The model is set up to simulate two fundamentally different approaches to station design. Themodel is designed tc handle fleets, and was configured with the CTA bus garage situation inmind because of the preliminary indications that these would be the most economical locations.Most of the operating buses return to the garage for a relatively short period of time, fromabout midnight to six AM. Most buses run two eight hour shifts, with about 10 percent runningonly one eight hour shift. Those buses which run on an eight hour shift can be parked fornearly sixteen hours and are therefore candidates for "slow fill" operation, which allows use ofa ch~p refueling stand (with no metering) and allows station storage for those buses to beavoided. The compressor directly fills the buses.

The second station concept is to have a large compressor capable of directly meeting the demandof the buses (or other vehicles) when they are filled. With this concept the station compressorsare off during the day, but on most of the night. The compre:zsor need some storage to act asa "buffer" between the compressor and the bus and to smooth out variation in pressure from theoperation of the compressor. In this model a storage buffer sufficient to provide 1/2 hour of gasdemand from the vehicles is provided. With the costs of compressors and storage bottlesincluded in the base runs of the model, it generally proved cheaper to use this station concept.We noted that this is the concept implemented in the bus stations in Canada. The model doescapture the changing trade-off between storage costs and compressor costs and does find caseswith very small stations to be cheaper when storage, the first option, is used. For the stationsQf interest in this study, however, the large compressor, small storage concept appears to bemost economically desirable. This approach also leaves open the option of using the station tofuel other CNG vehicles during the day.



7.2.6 MisceUaneous and Installation, Set-Up and Training Costs.

7.2.7 Storage Equipment

Station storage 'equipment comes in three levels of safety and cost. The American Society of
Mechanical Engineers rated system is most expensive and has the highest safety factor. The
common system in the U.S. is certified by the U.S. Department of Transportation (DOT3AA),
and represents about 38 percent of the cost of the ASME system. The Italian stonge bottles cost
least, but not much less than the DOTJAA system. nl~ Italian system does not carry either of
the U.S. safety ratings. To simulate the ASME system in the model, one enters a factor of 1.04
in the appropriate location on the input page to adjust the base cost function in the model: To
use DOTJAA storage bottle cost approximations a factor of 0.39 is entered and to simulate the
Italian system a factor of 0.30 is inserted. In the base runs of the model we use the DOTJAA
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The costs for miscellaneous capital (gas dryers or methanol injectors, valves, tubing, pipes,
connectors, tool kits, gas recovery systems, and equipment manuals) are estimated at 18 percent
of the cost of compressors, storage bottles, and dispensers. The study team was not able to
develop refinement of the likely variation of these costs with costs of the base equipment of the
station. The factor was developed from a NOlwalk pilot project bid prepared for the OECP
(Barker, 1990). Installation, set-up, and training costs were estimated to be 51 percent of the
cost of the compressor, storage bottles, and dispensers. In principal, this cost should decline
as a ratio to capacity as station size increases, since the number of pieces to be managed does
not increase in proportion to station size. In particular, larger compressors may need about the
same amount of set up and training effort per compressor as small compressor. To the extent
that compressor costs decline as a share of total costs and relative to capacity, both the
"miscellaneous" and the "installation, training and set-up" costs will decline relative to capacity
and relative to total costs. The training in U.S portion of the Norwalk bid was not included
since the assumption is that the program will be a large one and after the first round of training
in the U.S., Egyptians will train one another for remainh.g stations.

dispenser, while mechanical dispensers withc'lt the monitoring capability cost about one fifth as
much. In this study we have assumed that only one electronic dispenser is purchased (the first
one) and that mechanical dispensers are used in the rest of the cases. Mechanical dispensers may
also dispense gas at a higher flow rate, since the restriction on the flow rate of the electronic
dispenser appears to be based on the: limitations of the measuring device used. It is assumed that
rough records of fuel use are kept by monitoring fuel gauges in the vehicles and when trouble
is indicated the electronic dispenser is used to accurately test for fuel consumption rates before
and after repairs. The slow fill dispensers are about one fourth of the cost of the mechanical
dispenser, but they only serve one vehicle per day, while the mechanical dispenser can serve
more than four. The use of the slow fill dispenser, however, can have the benefit of spreading
the fill period out, allowing a reduction in size of the compressor and elimination of station
storage. The model is designed to estimate the effects of using slow fill in a proportion of the
fleet less than 50 percent of the total. It makes estimates of the reduced miles per day of those
vehicles which sit idle at the station for more hours, and splits the fuel consumption and retill
demands of slow and fast fill vehicles accordingly.



7.2.8 Vehicle Inputs

system cost estimate.

Specific vehicle inputs used in the analyses discussed here are presented in Section 6. Howevel,some discussion, as pertaining to economic estimates, will be presented here. There are threemajor categories of vehicles examined - heavy diesel buses (16 tons), heavy diesel trucks, andlight duty gasoline vehicles. In each easel conversions tend to decrease peak power, althoughthe degree of loss varies considerably depending on engine and technology specifics. On athermodynamic efficiency basis, the gasoline vehicle engines are closer in original configurationto the ideal requirements of natural gas fuel. In fact, natural gas has a higher octane thangasoline, and this tends to allow greater efficiency when the compression ratio and/or system
contr(Ji~ strategies are adjusted properly. Research on standardized test cycles indicates that theenergy equivalent fuel economy of eNG conversions from gasoline vehicles, especially for lowmethane content gas as found in Egypt, can be greater thzn for gasoline vehicles. We havesimulated this as being the case in our modeling. However, field data contradicts thestandardized test results (Moussavi and AI-Turk, 1993). This may be due to the fact that thestandardized test cycles do not require hard acceleration. Acceleration of natural g'!S enginesvehicles is hampered by the fact that the natural g~ displaces air from the cylinder and makesit more difficult to get the equivalent of rich mixtures used in gasoline vehicles duringacceleration. Accordingly, in the field, drivers may depress the accelerator to a greater degreein order to obtain desired performance, and thereby degrade fuel economy.
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We have generally assumed a lower level of control and a less sophisticated technology in Egyptthan is applicable to the U.S. case. This does not mean that we have not estimated dramaticimprovement in emissions behavior. We observe that Egyptian vehicles are now uncontrolled.We therefore used U.S. precentral emissions rates per unit of fuel and 'adjusted the emissionsrates per vehicle kilometer traveled by estimated relative fuel consumption per liter in Egypt ascompared to the U.S. The data that we were able to oMain on CNG vehicles tested in the U.S.implied significant CNG emissions reductions from thbi precontrolleve!, even with the relativelylow technology CNG dual fuel kits using open-loop controls. Open loop controls do not havedownstream sensors to adjust the mix of air, natural gas and exhaust gas recirculation cominginto the engine cylinder. Closed loop controls monitor the exhaust gas composition and givefeedback to the engine controls. More information is collected and used (electronically). Theclosed loop systems have led to great success in lowering naturcil gas vehicle emissions in theU.S. Although U.S. customers are not happy with open loop control systems for CNG. wefound that the emissions rates unacceptable to the U.S. EPA shouid be very attractive in Egypt.Since the use of the open-loop control system without a catalyst is much cheaper than the U.S.closed loop systems with catalysts, we decided that the cheaper systems - still a significantimprovement - should be considered for use in Egypt. Since we require less sophistication inthe emission control system and since most of the vehicles of interest for conversion usemechanical systems, we have assumed the use of mechanical rather than electrical controlsystems, and we have assumed that there are no catalytic converters on the CNG vehicles. Sincethere are no catalytic converters on present Egyptian vehicles, this seems the logical assumption.



The information that we have obtained indicates that the incremental cost of a new eNG enginein production in the U.S., as compared to a new diesel engine of the same make, is lower than

The type of emissions control systems to be used in Egypt and their capabilities are an area ofuncertainty. We have constructed best judgment estimates to determine how much technicallyachievable emissions reduction might be worth. The accuracy of these estimates depends on thequality of maintenance of Egyptian vehicles, specific decisions about technology andregulation/inspection.

One thing that we have not done is estimate the difference in cost of reducing emissions by usia.gnon-eatalyst equipped CNG vehicles with simple control strategies in lieu of possible futureimplementation of catalytic converters and sophisticated electronic emissions control systems infuture gasoline vehicles. This would drive up both the costs of gasoline and the gasoline vehicleof the future. This comparison is desirable and should be conducted in the future, but is beyondthe scope of this report.
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For the buses and cars, the new engine options do assume a high level of control such aselectronic systems. We did obtain quot(\S from :,Ilppliers of U.S. engines, and have since learnedwhat type of emissions control would be used. For the new U.S. heavy duty CNG engines thetechnology most adaptable to Egyptian heavy duty vehicles makes use of lean combustion toreduce emissions without a catalytic converter. The new U.S. light duty engines (convertedfrom gasoline engines) do use a high level of emissions control, including a catalytic converterwhich is especially designed for use with CNG. Both the light and heavy duty enginescompromise fuel economy for two reasons. They select a compression ratio of about 10: 1.Though this is lower than can be attained with most natural gaS, it provides a safety factoragainst gas with a lot of non-methane liquids, as well as gas whose composition is highlyvariable. A low compression ratio also helps keep combustion temperatures low and therebykeep nitrogen oxides emissions low. This should also improve durability. However, adetrimental effect of the low compression ratios and of spark ignition is relatively poor energyequivalent fuel consumption at idle in comparison to a diesel eOf~ine.

The value of emissions reduction was obtained from research by Ken Small at the University ofCalifornia at Davis (Small and Kazimi, 1994). The source was particularly fortuitous since itcomprehensively covers all of the pollutants of interest. The damage values are based primarilyon health damages rather than regulatory costs. The values of Small and Kazimi were comparedto those for various cities in the U.S. and to national average values used in U.S. governmentstudies in 1993. The values estimated by Small and Kazimi are higher than most values usedin U.S. studies, partly because they take into account emerging knowledge about detrimentaleffects of particulate matter and sulfates. The values were adjusted downward for the Egyptiancase based on the relative earning power of Egyptians vs. Americans. The GOP per capita of
Egyptian~was divided by the GDP per capita for the U.S., obtaining a factor of approximately0.06. Thus, the vmues started with are historically high, but they are heavily discounted by theassumption that the value of life is commensurate with earning power. The values for emissionsreduction which emerge from this calculation are nevertheless noteworthy, suggesting that motorvehicle emissions reductions in Egypt are highly desirable.



7.2.9 Ot~er Economic Inputs

The model works on the basis of assumed real costs, with no differential escalators. The interestrate entered into the mociel is the n~.:;t interest rate. Rates on loans, to be consideredcompanIble, would add the rate of inflation to the real interest rate.

'Our examination of engine options pointed toward better economics for new engines thancontinued use of old technology ~ir cooled engines. Nevertheless, these engines remain to beadequately demonstrated in CTA buses configured for the old engine design.
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The model uses other critical economic assumptions. The lif~ of the analysis typically presentedhere is a 15 year period, though the model has an option to examine a ten year period. Vehiclesare kept in service for that amount of time. Detailed rep:acement schedules for engines havenot been worked out. For gasoline vehicles the model's implicit assumption of a 15 year (ormore) life is reasonable. For buses and heavy tJ -.cks this is a shortcoming. Discussions of thefrequent rebuilds of CTA bus engines suggests that improvement of the reliability of dte CTAengines, if it carne as a part of a package of switching to new engines, could have a considerableadvantage to the Cairo Transit Authority. We do know that the scheduled rebuilds of transit busengines in Ontario Canada was ·.~~timated to occur at 5 and 10 years, presumably with input fromthe transit operators there (Topaloglu et al, 1991), while engine rebuilds at the Cairo TransitAuthority workshop were reported to occur annUally after the first rebuild at approximately fiveyears. Obviously, if a program to introduce CNG engines al.;o aided the CTA in increasing thetime between overhauls, the benefits of the program would be magnified.

T.~·!} ~t''l ~~:'. ,~.:~!'ation of the fleet can have zn effect on the rate at which a fuel economy cost
redi.lr.:tifj·j! pe:r :arne Df operation can be retrieved to payoff up-front capital costs. The user
mus~ rer~gnize rJtat the annual opernting mileage of all vehicles is not entered into the ~(lodel.To rtedict hew ml,ch fuel is used per year, we consid~r the number of vehicles or,erating perday, the number o~· days operating, the fueK economy per kilometer of operation of the vehicle,and the daily kilometers traveled by the opemting vehicle. The mociel requires inputs on the

Th~ 7:/{ ~ of c-.o~ of labor includt:(f is an option. lbis analysis uses S5/hoUi·. This rate is to be
conj:id(~~ ? fur.! loaded rate for skilled workers. It is presumed to include managerial and
...,.". ~! -")'" ...."t "" 'r1. ;~•..a...,.,.,.~a ll! • I...,... , ,!' p-,_"lr.~.

the cost of converting an undeveloped engine to CNG making use of available kits. Thefeasibility of ronverting the air- cooled engines used in Cairo Transit Buses has yet to bedemonstrated, even if the costs we a3sume are correct. In the interim, CNG engines appear tobe available from the U.S. at costs which are less than the cost of new diesel engines that areroutinp.ly purchased for CTA buses. Our new engine options for buses are distinct from theother CNG engine options in the sense that the engines are available now, while others - suchas an oil ignited natural gas engine, or dlV'1 fuel, closed loop controlled engine (labeled OINGin the spreadsheet and termed a Pilot Inje(.~ion Natural Gas engine [pING] by Detroit DieselCorporation) or Dual Fuel engine - based on existing air-cooled bus engines have to bedeveloped.



In this analysis, we have assumed that the land costs for the station are zero, since we assumethat the station can be fitted into the existing garage for the fleet. When this is not the case,land costs can be entered into the model.

The vehicle inputs permit varying the number of years over which to schedule the build-out ofvehicles, compressors, storage systems and so forth. In this analysis it has been assumed thatthe projects are built over a five year interval.

number of eNG vehicles that must be converted over and above those actually used each day,so that there will be a reserve of operable vehicles for peak days and a reserve of inoperablevehicles under repair. The entry of appropriate values into the model can be deduced byobtaining the proper information from the fleet operator.
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Hertzmark estimated the long run marginal cost of natural gas in Egypt to be $1.S7 per millionBTUs (0.21 LE Icubic meter of Egyptian gas at 1135 Btu per cubic foot) (Hertzmark, p. 10).We use a price of $1.60 per 1000 cubic feet in our analysis, about $1.41 per million Btu with113S Btu/cubic foot Egyptian gas. This is somewhat Ie-55 than the long run marginal costestimate by Hertzmark. Cunent prices are 0.12S LE per cubic meter of ga.c: in Egypt, wellbelow the 0.19 LE ~! cubic meter price we have used.in the base~. In his Annex 2,

A typical rate of taxation of imported products can be entered into the model, and an estimateof the proportion of key components of stations and vehicles which are imported can be entered.The values we have assumed can be found in the appendix. Generally, for our base case, weassume 100 percent imports for compressors, storage bottles, dispensers, vehicle fuel tanks, andvehicle conversion kits. We do not assume imported new engines in the new engine cases, butassume only importation of the CNG equipment to convert an otherwise imported new dieselengine to a CNG engine.

Fuel Prices: The costs of fuel entered into the model involve four fuels; natural gas to thestation boundary; diesel fuel (gasoil) sold internationally at a major port; gasoline soldinternationally at a major port; and electricity at the station boundary. The costs of deliveringdiesel (gasoil) and gasoline from a port to the final consumer are also to be included to properlyrepresent the costs as seen by the gaiage operator. The costs used for the base case in thisanalysis are $0.13/liter (0.44 LElliter) for internationally traded gasoline, and $O.OS/per liter(0.17 LElliter) for retailing/delivery of the gasoline to the customer. It is presumed thatgasoline is of lower quality relative to world market demands than is the gasoil that would bedisplaced by eNG. Gasoil (diesel) is estimated to be worth $O.ISlliter (0.51 LEIliter) on theinternational market. This may vary with sulfur content and is a source- ;)f some uncertainty.Retailing/delivery costs are the same per liter as those for gasoline. On May 26, 1994, the NewYork Harbor futures prices for unleaded gasoline varied from SO. I26/liter to $O.14/liter, whileheating oil (whith can contain more suJ.fur than die.~l transportation fuel) varied over essentiallythe same range. Gasoil varied from $O.14/liter to SO. IS/liter Oal the International PetroleumExchange. Natural gas varied from S1.83 to $2.39 per ooסס1 MBTU on the New YorkExchange, a location to which Algerian (or Egyptian) gas cannot be delivered for less than twicethose amounts.



7.3 Results

General results are as follows:

• For fleets which use a lot of fuel, the station dest~~l which uses a large
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• Bus garages are more economical to convert than commercial truck fleets or light
duty vehicle fleets of sirr.~lar numbers of vehicles.

The costs columns present net present values over 15 years of station life. The station and
vehicle CQsts include the costs of converting vehicles, station costs, and maintenance costs. The
fud'iavlng benefits are a present value accounting of the savings in expenditures on fuel. The
tel1.~fit/cost ratio divides the latter column by the former. The exports less imports column
accounts for the present value of the before tax costs of importing such items as compressors,
power plant generating equipment, storage tanks for stations and vehicles, eNG kits,
replacement parts, and so on. The exports values are derived from the international price
obtainable for the displaced gasoline (Benzene) or diesel fuel (Gasoil). The final column
estimates the potential emissions benefits of the conversion to natural gas with the specific
technology in question. The benefit/cost ratio is completed from the perspective of the owner(s)
of the station and the vehicles which use the station. From society's point of view; however,
the total benefits should include the emissions reduction benefits. In order to obtain a "social"
benefit cost ratio (not presented), the emission decline value 3I1d the fuel savings benefits would
be added together and divided by the station and vehicle costs.

The model assumes natural gas prices equivalent to prices charged to an electric plant. It then
includes an estimate of the cost of connecting the system to the bus garage eNG station. The
costs per meter of distance from the gas transmission line to the station are estimated for a pipe
size appropriate to the station demand. The user enters the estimated distance in meters.

The results are presented in the following two Exhibits. The first of these, Exhibit 7.8, presents
a range of cases from buses to heavy trucks to light trucks and passenger cars. The latter,
Exhibit 7.9, takes the best case from the first table and conducts sensitivity analyses to determine
how robust the best case results are. With the exception of the third column, which presents the
benefit/cost ratio, the costs are presented in units of lOoos of dollars. The costs are estimated
for a single station serving the number of vehicles with the characteristics listed in section six.
The vehicle characteristics are found in that section. Details on the computer runs are provided
in an Appendix.

In his Annex 4, Hertzmark used the avoided cost approach to estimate appropriate electricity
costs. He obtained $0.046/kWh for peak capacity and $0.020/kWh for off-peak capacity.

Hertzmark estimated the marginal cost of gas to vary from $0.89 to $1.01 per million Btu for
extensions of existing gas fields, $1.39 to $2.09 for unproved reserves, 1.27 to $1.75 for
currently operating fields, and $1.39 to $2.09 for unproved reserves. Hertzrnark's estimate for
the ceiling price of natural gas was $2.20/million Btu.



compressor bank running simultaneously with the refilling of the vehicles is
superior to one in which a smaller compressor bank runs most of the day to fill
a storage system which then fills the vehiples.

The following Exhibit illustrates the capital costs, annual costs, fuel savings, net benefits less
costs and cumulative benefits by year for Case lA, new CNG engines. The simple payback is
seen to be about five years. If all spending were to occur in the first year, the payback occurs
in the third year. Capital costs for the single station total $3,791,650. This figure can be
multiplied by ten to approximate total fleet costs: $38,000,000 or LE 128,000,000.

An interesting option for CTA bus conversion was identified as a'result of reviewing the model
output.s. The eTA currently overhauls their engines every year after an engine reaches five
years age. The overhauls cost about 20,000 LE. If new dedicated CNG engines were installed
at that time, it is likely that at least two and possibly three overhauls could be avoided saving
40,000 to 60,000 LE in overhauls. This value would cover all or most of the cost of the new
CNG engine and its installation. Some engineering would be required to mount the US
manufactured dedicated engines into the vehicles, but these costs should be relatively small.
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• For the buses, the best option appears to be new engines using already developed
CNG technology, when new engines are scheduled to be purchased. For light
duty vehicles no options are desirable if a station is built only to serve the light
duty vehicles. For the heavy duty trucks the option could prove desirable or
undesirable, depending on the price structure that emerges in the future and
depending on the degree to which the government of Egypt finds the
export/import benetits and the emissions benefits wonhy of inclusion in the
benefit/cost consideration, As discussed in the model description, large stations
serving vehicles with large daily rates of fuel consumption are the most
economical.



Exhibit 7.8 Summary of Base Economic Cases With Selected Sensitivity Analyses

STAllON FUEL OEJ"EAT E.XPORTS EMISSION INlCRNAL
and SAVINGS TO COST I.ESS DECLINE RATE OF

VEIIICLE BENEFITS RA'nO [MPORTS BENEFITS RETIJRN
Case CASE DESCRIPTORS COSTS fSl000S) l.o:xcJuJo:s I$IOOOS, IS 10005) (51OOOS)
No. 151ooos) o:missiolls (rough (excludes

values I estimate) emissions 5)
(·.\[RO TRANSIT Bt 's CASES
:'-i.: ..... Engine or New Do:Jl..:atcd Bus

! :\ Large Compressl1r -W40 I) IllO ~ ..::' 72:0 2160 ~5';;'

113 I.arge Storage :'0[0 ')100 I X~ (,6;0 2[60 .' ~'1-
RO:lIl,rit Rebuii[t Enclne DcJ.

lA l.arge Comprc;sl1r .u~O l{1)()() .2.111 r,I)(,11 :111() ~~r.r

28 Large Storage :'~50 11900 I.h.' 631\0 1160 .'2':(-
Retrofit Oil Ignited Gas Engine

3A Large Compressor ~180 7660 110 55liO :020 3~%
38 Large Storage 5010 7660 1.53 5090 2020 29'.'t-

Retrofit Old Engines Dual fuel
4A Large Compressor 3470 5940 1.71 4620 940 30%
48 Large Storage 4230 5940 1.40 4190 940 25%

CAIRO BEVERAGE 1RUCK CASE
New Engine or New Truck Oed.

5A large Compressor 1430 1440 1.01 691 631 12%
5B large Storage 1610 1440 0.90 590 631 9%

Retrofit Rebuilt Engine Oed.
6A large Compressor 1700 1420 0.84 SOO 631 7%
6B large Storage 1880 1420 0.76 396 631 6%

Retrofit Old Engines Dual Fuel
7A large Compressor 1380 951 0.6~ 268 154 3%
7B large Storage 1513 951 0.63 191 154 1%

AUTOnRUCKGASOUNETOCNG
New Dedicated

8A large Compressor 962 541 0.56 7 83 0%
8B large Storage 1020 541 0.53 -27 83 -2%

Retrofit Old Eogil1es
9A large Compressor 718 432 0.60 97 34 0%
98 large Storage 765 432 0.56 71 34 -1%

SELECTED SENSl11VITY CASES
SAl Off·Peak Elcc:tric:ity @ 2lt1kWb 1400 1440 1.03 698 631 12%

5A2 Connection Distance 500 Meters 1290 1440 1.12 689 630 15%

SAJ SO Cairo Beverage Trow to Existing 212 360 1.70 234 158 41%
PetrobeU Sttiion (lnczemcntalCost)

8Al DecI. Auto &: Truck Using CTA Case 1530 1440 0.94 322 221 4%
Al Station DluiDg Day (Iocr. Cost)

0 ••• _ ••• --_._- .-...... , .
9Al Bi-Fuel Auto eft Truck Using CTA 934 1150 1.23 530 91 8%

.At-StItioD'DuriDgBay (Iocr:-Con)

911- Bi-Fuel Trude Ooly Using CTA 1160 1640 1.41 864 116 18%
Al Station DluiDg Day t1ocr. Cost)

~'~~~: C'::!: :.--:~ ~~~~5.!! ~~ ~!!i!!!:!!~ L~ ::~t ;~~~:-:! ..~!'.!~ ,~! nC'!~g ':Ii ~not. ,...",1 ;"t~~ct ~t.. " ;n'""",,1 9'~tjlllC ", ,.,.tu", ''In-

CIlimuled to be leu tbao 10%, tbeo tbc benefit to COlt ratio should be leu than 1.0. The benefit to cost rabo presented here ia tho
private rare • it docI DOt ioc1udc tho social value of emiRioDi reduction. To obtain an estimate of the beDefit to COlt ratio iDcluding
tbc social bcoefila of emilsiOlJ' redUdion, add the emiJ.iollS decline beoefitl anld tbc fuel laving. benefitilogeCher and divide by
tht .tation and vehic1e COIti.
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STATION fUEL BENEFIT EXPORTS EMISSION INTERNAL
and SAVINGS TO COST I.ESS DECLINE RATE OF

Case CASE Al VEHICLE 13ENEATS RATIO IMPORTS BENEFITS RETIJRNNo. MODlACt\'llON COSTS I$IOOOSI tllxcludes /SIOOOSI ($10005) (SIOOOS)
DESCRIPTION 1$1000s1 emissiuns (rougb (excludes

vaJUllsl estimate 1 emissions S l

New Engine <'r Nc\,l,' Dc,licatlld ('N( j
: .\ Buses Served hy Luge (\H11press"r.• ~()·m 'Ii' )II :.~5 7::~(l 2160 .t5'f

1,.\1 :'13% Decline in Dillsel Pricll .to.to :"'l()() I..tti .tOW 2160 :.' ':(

1A2 56% Natwal Gas Price Increase 4040 71110 1.7~ 7220 2160 JO':"r

IAJ Double Vebicle Conversion Costs 5500 9100 1.66 6020 2160 29%

IA4 156% Increase in Storage Cost 4200 lJloo 2,17 7100 2160 43%

lAS 79% Increase in Compressor Cost 4550 9100 2,00 6790 2160 45%

lA6 25% Decrease in Daily Kilometers 3520 6830 1.94 5080 1620 36%

IA7 Double Import TlUles (40%) 4520 9100 2.01 7220 2160 NE

lA8 No Import Taxes 3560 9100 2.56 7220 2160 NE

IA9 33% Devaluation of Egyptian Pound SOOO 13900 2.78 11200 2160 90%

IAIO 10 Year TlDle Horizon 3840 6860 1.79 7260 1640 43%

lAll Triple Labor Cost 4350 9100 2.09 7220 2160 43%

IAI2 Triple Slow Fill Fraction 3970 9100 2.29 7260 2160 47%

lAB Half Fill Rate Dispenser 4100 9100 2,22 7180 2160 44%

IA14 Double Station (twice as many buses) 7770 18200 2.34 14500 4320 50%

lA15 Half Station Size 2180 4550 2.09 3570 lOBO 38%

lA16 NoSlowHU 4060 9100 2.24 7200 2160 45%

lAl1 3O'h Beuer BuFuel Economy 3530 7070 2.00 5270 2160 389&

IAl8 29% More TIIDCI (or Fut Fill 3760 9100 2.42 7390 2160 52%

Notes: Costs and beoefita are estimated in net present vaJuo terms using. 10% real intezat nte. If intemal rlda o( rctum are
estim..tcd fa be len than IK, thea the benefit fa COlt ratio should be leu thm 1.0. 1be beoetit to coltndo presented here is the
priVate me . it does not indudC llie social value of emissions reduction. To obtain aneatima&e of the bcuefit to cost r&tio iDcludiDS
tbc lOCial benefita o( emiuiOOl reduction. add the emission. decline benefita auld tbe Cue1 ..vinp bcacfitl together and divide by
.lbt.Itation and vehk:le COlta. NE iDdicatea that the model. as .tN:turcd on Oct 30, did not ~P.='~Yeatimate this value.
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YEAH 1 2 3 4 5 6 7 8 9

Total Capital Cost 1001 696 702 696 696 0 0 0

Annli al Cost 25 49 72 95 119 116 116 116

Fuel :lavings 277 554 838 1115 1392 1392 1392 1392

Net Eenefits less Costs (750) (19U 64 323 577 1275 1275 1275

Cl.Imlllative Benefits - (750) (940) (877) (553) 23 1299 2574 3849 +1275
Undi~ counted \VR
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Single Average Station Costs and Benefits Per Year ($1000s) For Case 1A

7-22Cairo eNG Vehicle Feasibility Study
F"mal Report

Data, Inc.

Exhib, t 7.10



7.4 Sensitivity Analysis

It is also true that the cost estimates used here are rough" so they should be regarded as evidencethat a detailed feasibility analysis for Cairo Beverage trucks and other vehicles should beundertaken by Cairo Beverage and Industrial Company, possibly with some government supportdue to the emissions benefits and export-import benefits.

The final sensitivity analyses in Exhibit 7.8 show that even conversions of cars and light truckscan be economically positive in some circumstances. Note that the most desirable station optionfor the bus garages leads to availability of a lot of idle compressor capacity during the day.Using the same logic as in the case of the PETROBEL station serving Greater Cairo Beverage,if the bus garage CNG station were made available during the day to other customers whocovered the cost of operations and maintenance, and! who used the single electronic fast-filldispenser (with'metering), then the benefit/cost ratio fiJr even lig;ht duty vehicle automobile andtuck customers would be positive. In case 8A 1 we eX2unine the case of 400 dedicated CNG carsand 400 dedicated CNG trucks (which is in excess of the capability of the single metereddispenser) making use of the idle compressor. The ill1cremental benefit/cost ratio increases to0.94 from an original 0.6. The dedicated vehicles se~m too cos,uy to payoff. In case 9AI weexamine the case of 400 bi-fuel cars and 400 bi-fuellight trucks (which may be in excess of thecapability of the single dispenser) making use of the idle compressor. The incrementalbenefit/cost ratio iumos to 1.23 from an ori~inal 0.6. If the social benefit!! are ~ricfE".tf ;n thebenefit/cost ratio rises to 1.33. In the last case (9A2:) we consider the effects if the light duty
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Selected sensitivity analyses are presented in Exhibits 7.8 and 7.9. Some of the results presentedin Exhibit 7.8 indicate that some apparently uneconomiCal cases could become economicallypositive if particular strategies are followed and economic realities accounted for. Case SA forthe trucks at the Cairo Beverage Company is of interest because the Benefit/Cost ratio is so closeto 1.0. Since these vehicles are like the buses in the sense that they run two shifts per day andpark overnight, their electricity demand will occur overnight. If the EEA were to grant anoff-peak electricity rate of $0.02/kWh the benefit/cost ratio would increase only from 1.01 to1.03 (see Case SAl) The standard assumption has been i:lat the station is 1500 meters from ahigh pressure gas transmission line. If this distance is only 500 meters, the benefit/cost ratiorises from 1.01 to 1.12, a relatively significant increase (Case 5A2). We also observed that theCairo Beverage Company is only a short distance from the recently opened PETROBEL CNGstation. Estimates of the size of that station are rough. However, it should be able to handleseveral dozens of CNG vehicles from the Cairo Beverage Company. Since the costs of thecapital equipment at the PETROBEL station are sunk costs, in economic tenns these should notbe included in marginal cost decisions concerning current revenue maximization. If thisperspective is used, the Cairo Beverage Company could be provided service so long as it coversPETROBEL's operating, maintenance and replacement costs. Case 5A3 examines the case inwhich Cairo Beverage only is asked to cover. the operating, maintenance and natural gas costscaused by the use of the station. In this case the benefit/cost ratio rises to 1.70. If the socialbenefit/cost ratio is computed it would be 2.44, and would signal that the government of Egyptwould increase social benefits by encouraging the joint use of the PETROBEL station byPETROBEL and Cairo Beverage and Industrial Company.



gasoline vehicles are like the trucks we have simulated - driven more kilometers per day than
cars and using more fuel per kiiometer. If all of the vehicles are such trucks the benefit cost
ratio rises to 1.41.

In Exhibit 7.9, the results of a large number of alternative sensitivity analyses show that the
positive findings for Case lA are robust. The benefit/cost ratios vary from 1.46 to 2.78, and
the internal rates of return vary from 23 to 90 percent. In the worst case the addition of the
emissions decline values to the benefit cost calculation increases the ratio from 1.46 to 2.00.
According to these calculations, u program to introduce CNG buses eventually in large quantities
(several hundreds of buses) seems well wonh the effon.

Datex" Inc. Cab-o CNG Vehicle Feasibility Study
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Section. 8.0 Environmental Benefits

8.1 Overview: Priority Vehicular Strategies for Improved Air Quality

2. Establish a certificate-based annual or biennial vehicular inspection program covering all
private cars and light tnlcks traveling through Central Cairo, as called for by the GOE
Environmental Action Plan rEAP) that employs an inspection procedure emphasizing
control of carbon monoldde through proper tuning of the (predominantly carburetted)
light duty fleet: most required adjustments will be relatively simple and enhance efficient
use of the fuel.

8-1Cairo (~NG Vehicle Feasibility Study
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I. Proceed with the program to convert a large subset of Cairo's transit buses to op~rate

predominantly on compressed natural gas, which will have a measurable near-term (~ffect

on the exposure of millions ofcitizens to potentially harmful small-diameter carbonaf:eQus
particles while reducin~: the atmospheric loading of combustion-produced sulfur dimtide
and sulfates that aco~lerate deterioration of irreplaceable historical monuments.
Reductions in ambient concentrations of carbon monoxide and, to a lesser extent,
nitrogen oxides in the central area are also possible. In preparing for these conver:;ions,
promote similar conversions among centra!ly~fueled diesei-powered truck fleets in the
private sector through Cl combination of fuel and conversion cost reduction incentives.
Verification of the effec.riveness through time ofthese efforts, which should intensify as
momentum for chQllge is sustained, will only be possible ifa pennanent, quality-assured
vehicle emissions test facility has been established.

3. Phase down the maximum lead content of gasolines sold for vehicular use to 0.15 g/liter,
as also called for in the &IP, utilizing replacement (for tetraethyllead) octane enhancing
agents such as tertiary butyl- and amyl-ethers that can be produced from natural gas
feedstock and do not dramatically increase the volatility of the retail gasoline product.
If the introduction of unl~\ded fuel is not feasible (due to the age of most of the engine
fleet) in the near term, promote the conversion of as many post-1980 model, in-use light
duty vehicles as possible tol bi-fuel spark-ignited gasoline/CNG units that would not use'
cataIV!lts. Bel!in with centrnHv-fnp.1Plf onvpmmpnt-nwnprt ~l1tn ~nrt lioht t",,..1r f!~~~. TI!!~. - ...... ...,
conversion would not significantly reduce carbon monoxide or oxide of nitrogen loading,

The sources of the significant ~lir quality degradation of Greater Cairo over the past 25 years ,are
well-documented (World Health Organization/UNEP, 1992; Government of ~he Arab Republic
of Egypt, 1992; USAID/EGY1IT, 1992; Faiz et ai, 1990), and the role of motor vehicles in that
degradation is understood, if not precisely quantified (EI Kotb & Borman, 1984; EI Kotb &
Borman, 1987; Nasralla, 199'1; Emara, 1987). It remains a major challenge to implement
controls that will bring about the most effective, efficient, and lasting reductions in vehic:ular
pollution loading in a manner l:onsistent with other high national priorities. The use of fleet. and
individual vehicular holdings is expected to intensify over the next several years, and a large
portion of Greater Cairo's populace depends significantly on the private car for indiv:idual
mobility. An implementation process for effective controls can well begin with the adoption of
three enforceable strategies:



8.2.2 Air Quality Data Availability and Quality

8.2 Air Quality/Emissions Data Available and Sources Consulted

but would run only part of the time on leaded fuel and thus achieve a greater reduction
in lead exposure t.han the 0.15 g/liter fuel lead content a!one. As these units are retired,
they should be replaced with either, a) dedicated CNG-fueled vehicles, or b) three-way
catalyst-equipped vehicles running on no-lead gasoline.
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Because the present study comprehensively treats only transit bus conversion in its analysis of
feasibility, costs, and benefits, that is the only component of the first strategy above that is
analyzed in this report, although a broader conversion strategy such as # 3 is discussed in
specific contexts. Our findings endorse and amplify upon conclusions of the references cited
above that assign high priority to reducing ambient lead, fine particulate, and carbon monoxide
for mitigation of the most serious present insults to public health due to vehicular emissions in
Greater Cairo. Conversion of transit buses will contribute to source mitigation of the latter two
of these insults.

'Although Dr. Namilla (supra) reported to us informally that the most recent ozone measurements in central
Cairo did not indicate that excursions of the U.S. standard 0.12 ppm stmldard were taking place, IU!d that
recent-although unreleased-monitoring information for suspended particulate level indicate that it is rising at
about 3 percent per year. He noted that peak ozone concentrations are observed a) shortly f),fore dawn, and b)
for five to six hours during the mid-aftemoon. Such results are consistent with the conditions described in the

There is no continuous, quality-assured ambient air monitoring network in place in Greater
Cairo for the full range of mobile-source related pollutants. Continuously reliable performance
has not been certified for the fixed monitors for S02' TSP and black smoke that were in place
as of 1992 at eight locations in Greater Cairo (WHO/UNEP, 1992), a fact substantiated in
discussion with Dr. M.M. Nasralla of the Air Pollution Department of the National Research
Centre (Nasralla, 1994). Reliable information about levels of other air pollutants around Greater
Cairo is either anocdotal (one-time measurements taken at irregular intervals over a multi-year
period predominantly using mobile sampling equipment) (El Kotb & Borman, 1987)~ tJr derives
from special studies conducted for individual major point sources (e.g., the Shouara el-Khaima
electricity generating station). Many of these measurements were made under the direction of
Dr. Nasralla (Ali et al, 1986; Nasralla, 1990; Nasralla & Shakour, 1981). Oto,:;r studies under
the direction of Prof. M. el-Kotb of the University of Cairo, including a study of air and noise
pollution in the vicinity of Cairo International Airport that began in 1992, have utilized a
portable battery of monitoring equipment for all priority pollutants that can be established at any
vertical position as well as remote site (el-Kotb, 1994). State-of-the-art equipment &"1d

techniques were used in these studies, which means that most data they collected since about
1980 are reliable indications of the actual concentrations that existed at the time. Of course, any
"snapshot" taken in the midst of a period (1980-90) in which vehicles in use were more than
doubling is probably well out of date within two to three years. In particular, Central Cairo's
air quality trends during the present gradual conversion of the Shoubra el-Khaima facility to
natural gas firing have not been documented.'



8.3.1 The overaU picture

8.2.2 Emissions data availability acd quality.

8.3 Existing Envb'onmental Conditions
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Greater Cairo has been compared to Los Angeles with respect to its insolation, lack of rainfall,
and light winds with th~ir frequent inability to fumigate the urban air effectively (Emara, 1987).
Another appropriate comparison might be drawn to Las Vegas, in that it is a desert regime
characterized by: strong vertical advection with limited horizontal advection or wind transport
in daylight hours; and, significant lowering of the mixing layer ceiling at night is undergoing
rapid, private transportation-intensive urbanization. The occasionally massive pollutant loading
undergone daily by the Cairo airshed can be trapped a~ night by the desert inversion, and
becomes starkly visible as day dawns when it renders many surface features at a distance
invisible. With the rising of the sun and the temperature, this pall appears to dilute somewhat
with the onset of strong vertical advection, but returns again toward sundown. The suspended
pa..rticu!ate, that include significant amounts of sulfilte and fine particulate, arc strongly
suspected, as are nitrogen oxides and, possibly, ozone (Nasralla, 1991). Round-the-clock
persistence of these airborne substances is especially troubling in a metropolis like Cairo, in
which a large segment of the population on any given day may breathe outdoor air on a 24-hour
basis and whose waking-hOur activities may keep them in close proximity to vehicular sources
for a large portion of the day. Although CO and lead COnCCiill'ations ~ubside as traffic abates
(EI Kotb & Borman, 1987), lead deposited from the preceding days' vehic:ular fuel combustion
accumulates on the street, to be swept up again by the following days' vehicular mc:wemenl.;i and
possibly inhaled or ingested on food as carbon monoxide reachf'.5 high concentrations. It is
indeed a disturbing and ultimately dangerous cycle that cries out for abatement of its direct and

There is no mobile-source em~ssicns inventory for Greater Cairo, although at least one heroi~

effort in the past has sought to quantify the instantaneous vehicular contribution of CO and NOx
on an hourly basis for purposes of dispersion modeling. (EI Kotb & Bonnan, 1987). Direct
measurement of vehicular emissions has largely been restricted to two mult\-vehicle testing
programs undert:lken a) in 1992 at MISRLab (Engr. M.M. Kainel, 1994), and b) in 1994 under
the authority of the Ministry of the Interior (Gen. M.A. Gaber, 1994); and in topical analyses
conducted at the University of Cairo (el-Kotb, 1994). In cases a and b, a sample of in-use
vehicles was taken off the road and tested for tailpipe CO, unburned hydrocarbons and CO2,

The objective of both investigations was to identify the distribution of exhaust emission rates
enabling determination of appropriate pass/fail cut points for a proposed emissions inspection
program in conjunction with vehicle re-registration. (It is possible that the reliability of the
earlier study's results was hampered by the fact that vehicles that may have exceeded 10 percent
CO exhaust by volume were only recorded at 10 percent, the maximum reading on the analyzer
scale.) From a reliable source who must remain anonymous, it has been learned that about 25
percent of vehicles tested exceeded 7% volumetric CO and 1000 PJll11 hydrocarbon, an indication
of poor engine perfonnance possibly remediable by something as simple as a tune-up, but that
very few of the vehicles exceeding this threshold were taxis (whose owners well understand the
connection between improper engine tune and excessive fuel consumption/operating cost).



8.3.2 Emissions testing, measured concentrations, and expected activity
relationships

As described above, ambient monitoring data for Greater Cairo are very sparse ami almost non
existent for the decade of the 199Os. Thus, relying on the 1980s information available to us,
limited summary statelTl~nts about the relationships between these concentrations and combustion
activities in Cairo can be made about the pollutants of interest.

It is very important to distinguish between engines which typically use gasoline, spark ignited
engines, and those which typically use diesel fuel (gasoil.'~(y'ar), compression ignition engines.
The emissions characteristics of the two types of engin,~~ C~J:-;; very different. In Egypt leaded
gasoline is currently used in spark ignited engines. 'Gasoil is used in compression ignition
engines. Gasoline contains lead, but Gasoil does not. Gasoil contains su:fur but gasoline does
not (except in very s~aIl quantities). Gasoline fueled engines emit far more lead, hydrocarbons,
and carbon mOl'oxide per unit of fuel used than do diesel fueled ~ngines. Diesel fueled engines
emit far more particulate, smoke (as contributor to haze), and sulfur oxides, and somewhat
greater nitrogen oxides per unit of fuel used.
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The study team sought the best testing laboratories availabl~ in Cairo for purpo~ of developing
an emissions baseline for motor vehicles. We visited and vip-wed two emissions test facilities
and had meetL,gs with two other crganiz:itions, which have engine test facilities used for the
purpose of testing power, torque, and fH~l consumption of engines which have been built or
repaired. We uked other organizations if they had c.ny such facilities. In all appropriate cases
of inquiry, our consultations indicated no knowledge of any other emissions test facilities. For
those two facilities which had emissions test equipment, we t7l)und that the emissions which could
be measured were limited to carbon monoxide, hydrocubons, smoke, and carbon dioxide. The
equipment used for the tests is, in effect, designed to allow the tester to optimize fuel efficiency.
Its purpose is not to estimate emissions in a manner which can be used tlJ predict emissions of
vehicles in use in the Cairo fleet. The equipment i~ useful primarily for comparisons among the
sam~ engines and vehicle type, but not for comparisons between engines and vehicle types.

Air pollution relatfd to motor vehicle emissions includes: particulate matter, lead, ozone,
nitrogen oxides, carbon monoxide, sulfur oxides, smoke, and "haze". Particulate matter is
divided into two subcategories, total suspended particulate, and fine particulate. Total suspended
particulate is responsible for soiling and reduction in visibility as a contributor to haze, as well
as for health problems associated with fine particulate. Fine paniculate, less than 10 microns
in diameter, are the predominant cause of health effects of particulate matter, since these
particles are inhaled deep into the lungs. In addition to the total and fine categorization,
particulate is also characterizei as primary and secondary. Secondary p.articulate matter is
formed in the atmosphere by chemical reactions among prevbusly emitted gases, such as
hydrocarbons, nitrogen oxides, and sulfur dioxide. The estimation of Ute contriblltion of motor
vehicles to suspended particulate in the atmosphere is therefore not simple, even when the direct
contribution of primary particulate from motor vehicle exhaust is known. Motor vehicle
exhaust, through both primary and secondary processes, constitutes a much larger share of fine
particulate matter than of total suspended particulate.



Particulate

Particulate matter can conceptually be divided into many categories. Total suspended particulate(TSP) has been measured in Cairo (Nasralla, 1990). There is only a little indication in tae datacollected that the core area of Cairo has a more serious problem than residential areas.Concentrations are generally high and are highest in industrial Helwan, where a cement factoryis located. Nevertheless, residential Heliopolis, to the northwest of Cairo, consistently had thelowest ambient TSP connt; at 500-600 llg/mJ annually for years 1987-89. The World HealthOrganization (WHO) Standard is 60-90 p,g/mJ. Thus, even at the site with the lowest
c~>ncentration, TSP has b=n far above recommended standards.

Black smoke and "white smoke" are two categories of emissions that diesel engineers use whendiscussing gasoiJ engine emissions. Black smoke is more readily visible... In U.S. tests designedto meaaure fine particulate in contrast to TSP, two filters are used. The first filter Itas largerdiameter ope:lings than the second. The first captures larger particulate, allowing fine particlesto pass through to the second filter, which captures the fine particulate. In a properly operatingadvanced diesei engine the second filter will remain white, but will nevertheless catch importantamounts of fine particulate. Accurate measurement of this fine particulate is challenging. (Apaper describing a "dilution tunnel" needed to make accurate measurements of particulate... _: ...: : .. ••: ... _ .... :_ .. ..I! .... """",
.....""..AU.... Ao/I ,tIAUWAU-.w "' ny!A'U'UolA ; •• ;J.
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Hydrocarbon and Ozone Fonnation

Although there is a desire on the part of the study team to establish a baseline characterizationof vehicle emissions by making use of existing test equipment, there was a great deal of concernabout the generation of misleading infonnation. In particular, we are concerned that impropercomparisons between the emission of natural gas vehicles and current vehicles will be generated.This problem was experienced in the United States, even with highly sophisticated testequipment. Two problems existed for the U.S. natural gas industry. First, the initial conversiontechnologies were not well executed, and initial results did not reflect the true capabilities ofnatural gas vehicles, which became clear after the technology was refined. Second, there wasa debate with the U.S. Environmental Protection Agency (EPA) concerning the propermeasurement of hydrocarbons. This problem is relevapt to the Egyptian situation. The U.S.standard for gasoline vehicle hydrocarbon emissions is a "total hydrocarbons" standard.However, it has been recognized that the degree to which hydrocarbons contribute to ozoneformation is based on the reactivity of the various hydrocarbons in the atmosphere. Thereactivity of a given amount of total hydrocarbons from a natural gas vehicle is far less than fora gasoline vehicle, because most of the natural gas vehicle hydrocarbons are methane, which isnot very reactive. The U.S. standard for natural gas vehicles has been rewritten so that onlynon-methane hydrocarbons count against the hydrocarbon emissions standard. However, theEgyptian facilities that were visited da not have th~ ability to distinguish between non-methaneand methane hydrocarbons. Accordingly, tests from these facilities will be biased against naturalgas vehicles, since they will incorrectly treat methane emissions as equivalent in importance togasoline hydrocarbon emissions with respect to po~sible ozone fonnation. The obvious solutionto JUs problem is for Egyptian test facilities to obtain equipment which will allow the speciation(detailed identification of) hydrocarbon emissions.



8.4 Potential F.mis..JiODS Reductions

• Compilation of Air Pollutant Emission Factors (1977), Section 3: M~bile Sources

8.3.3 Selecting appropriate emission factors.
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EM!SSION VALUE SOURCE PM,o Lead CO NMHC: NOx SOx

EPA Pub. no. AP-42 (1977)8 0.81 -- 13.2 2.5 13.4 1.7

References cited this report 0.90 -- 13.0 0.5 12.6 14.0

Datex, Inc.

We see that, for that portion of the Cairo vehicular fleet subject to conversion, virtually all
results are generally in the direction of improvement. The principal exceptions to this, dual-fuel
diesel conversion effect on CO and bi-fuel conversion effect on NOx, result in the former case .
from the loss of combustion efficiency inherent in converting from CI to 51 operation and/or a
~om!,re:-;:-;ion r-ltio n~t 0!ltim~l for pith",. fiu-': ::.nrl, ;n thp 1~~,..,. (,':Ic,.., frnm ~?'~I)!!!,!"'-'::'!"!"'!,!!~

Exhibit 8.1 Comparison of Published EPA Diesel Bu!"! Emission RInes and Estimated
Cairo Values in this Study (g/km)

Exhibit 8.2 conservatively compares the emissions performance ~r vehicle of the conversion
alternatives presented in this report to the aging vehicular propulsion systems they would replace:
or supplement. For our comparison, it is assumed that dual-fueled vehicles replaa: heavy diesels
only, while dedicated vehicles are candidates to replace either gasoline or diesel propulsion.

Existing test data, thoagh flawed, suggest that mean emission rate3 represt~ntative of early 1970s
U.S. conditions can be used to represent the current contribution of vehic:ular pollution loading
in Greater Cairo. This will, however, ove:rstate the emissions of those veilticles which are w.ell
tuned, as well as those of most late-model cars and trucks. 1Chis overstatement is appll'Oximately
balanced by the fact that Cairo traffic moves in conditions more congested than thos.e assumed
in the Federal Test Procedure. However, with respect to the fine (la-micron diameter and less)
component of particulate emissions, recent studies have shown that 1970~:-era emission factors
published by the U.S. EPA that account for the effect of re-suspended road dusts significantly
overestimate the contributicn of vehicular activity and, consequently, will overpredict the
concentration of fine particles if applied to specific street corridors or canyons (Black et ai,
1983; Balough, Larson, and Mannering, 1993). Although due to lack of data no actual
dispersion analysis is being attempted Tor this study, we would endorse use of Black er aI's more
recent estimates for fine particle emission rates as a share of (relatively um:rJntrolled) diesel bus
emissions. Exhibit 8.1 summarizes the emission rate set we applied and their comparison with
published EPA rates applicable to early-1970s urban diesel buses. PM10 values are corrected
to eliminate the resuspended component. Our very high SOx value reflects gasoiJ. at 1.5 % sulfur
weight percent (compared to EPA's assumed 0.2% for U.S diesel fuel) arid slightly lower fuel
economy for Cairo buses than for EPA's test vehicles, based on data frclm CTA and GCBC.
Also, the EPA factor for hydrocarbons is all-inclusive, not specific to the l1ion-methane fraction;
our value includes only non-methane HC.
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CONVERSION OPTION PM,o Lead CO NMHC NO~ SOx

Dua/ fuel C/o-compression ratio - N/A ./+ • •unadjusted -
Dua/ fuel (pi/at charge) C/--
compression ratio lowered -- N/A ./+ • • • --

toward CNG optimum)

Oi-fuel S/--conversion not
0 ./+optimized for CNG - ,- - 0

Dedicated (eNG-optimized) C/-- -- N/A - -/ +. -diesel baseline - --
Dedicated S/..-gasoline baseline - -- - -/+ -- .,- -===

Because non-vehicular emission sources contribute significantly to ma.1Y of the observed
pollutant concentrations in Greater Cairo, concentration reduction benefits of eNG conversion
will not precisel)· Lack the emission reductions shown in Exhibit 8.3

• Assumes retrofit excludes catalytic convertor

Datex, Inc.

Exhibit 8.2 Net Change in Per-Vehicle Emlssions"Attrlbutable to CNG Conversion
Options .

combustion ratios that produce a slightly-enriched higher-temperature environment in the
combustion chamber when CNG is being burned. This tends to increase NOx from CNG
relative to gasoline combustion even in a poorly-runed engine.

8.5 Potential Pollutant Concentration Reductions

KEY: Major emi3sions reduction
Minor emissions reduction

,.,- No change to slight emissions reduction
• No consistent direction of change, if any (Indifferent).,+ No -::hangg to slight emissions increase

- -/ + Wide variability in results possible, depending on conversion parameters
N/A Not applicable

________;_flIlI ~ ~_
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8.6 Potential Healtb Benefits

Exhibit 8.4 Net Expected Change in Cairo's Ambient Pollutant Concentrations
Attributable to CNG Conversion Options

Clearly the greatest concentration reduction benefits to be realized in any CNG conversionprogram that transcends simple dual-fuel retrofit of diesel buses is in the domain of PM.o andsulfur oxides, with the potential for modest carbon monoxide reduction a minor secondarybenetit.
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CONVERSION OPTION PM,o Lead CO NMHC NOx SOx
Dual fuel CI·-compression ratio

N/A • • 0unadjusted - -
Dual fuel (pilot charge) Ct--
compression ratio lowered -- N/A • • • --toward eNG optimum)

Bi-fuel St--conversion not • .,+ •optimized for eNG - - -
I Dedicated (eNG-optimized) Ct--

N/A -/-diesel baseline -- - - --
Dedicated SI--gasoline baseline - -- - -- .,- -

Based on the best estimates available to us of contemporary Cairo air pollutant concentrationsand their proportional source contributions, as defined in the references cited above, Exhibit 8.3illustrates the percentage shares of emission loading for four major pollutants attributable tolight- and heavy-duty vehicles in Cairo, while Exhibit 8.4 shows expected concentrationreductions attributable to the conversion strategy alternatives.

Datex, Inc.

KEY: Average localized concentration reduction> 3%
Localized concentration reduction 3% - 5%

o No systematic change in average localized concentration
+ Potential for localized concentration increase
N/A Not applicable

The interaction of pollutants with biological molecules, or receptors, triggers .mechanisms oftoxic response. But even today these mechanisms are poorly und;:rstood due to their complexityand reliance on the presence of other factors. Simple measurement of exposure, the path of apollutant to its uptake by a receptor, cannot be directly used for many biological problems. Also,the sensitivity of any individual to the toxic effects of a pollutant depends on many otherconditions (genetics, nutrition, availability of inhibitors in the body) that are not measured at thetime of exposure (Bates & Watson, 1988). Thus, virtually all analyses in the area of specifichealth insults of mobile source pollution, and health benefits of its mitigation, are extrapolations'and are associated with a rather low degree of confidence.



8.6.1 Fine particulate matter

Chemical mass balance studies have shown that re-entrainment of road dust, even in urban areaswith most of their streets paved, is substantially underestimated as a contributor to TSP, and canaccount for over 50 percent of the aerosol at a given location. In one oft-cited study, motorvehicle exhaust, while remaining approximately constant in total mass computation, droppedfrom' about 15 percent to less than 7 percent of the particulate (aerosol) inventory following
')VU1~ c11J~.lUUlllllC;m (Cua:, nancailan ~ Cooper, i;oo; Wiuorii el Ul, J.~~4). inIS IS not

The fate of particle macrophages reaching pulmonary areas is either (a) removal via thebronchial mucociliary system (the vast majority) or (b) translocation into the bloodstream orlymphatic system from t.he interstitium through the alveolar capillary endothelium. For organiccompounds associated with (resident upon) particles in the latter category, antigen may betranslated to the lung-associated lymph nodes where there is often a direct effect on the lymphoidcells in these tissues. Toxicants among these compounds, such as benzene and benzo-a-pyrene,kill macrophages or inhibit phagocytosis, which diminishes the capacity of the lung to clearantigen to the lymphatic system. Thus, for example, average residence time in bronchial tissueof insoluble panicles derived from cigarette smoke is 3 to 5 months (Schlesinger, 1988; Sun,Bond & Dahl, 1988).
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In Greater Cairo there are at least three major confounding factors rendering any effort toidentify specific health consequences of fine particulate very uncertain, especially that emittedby diesel buses and other heavy-duty vehicles. The first is the surrounding desert environmentitself and its high loading of respirable pcu1iculate matter, which combines with majoranthropogenic sources such as the Shoubra EI-KhaJma industrial complex and the Helwan cementplant to produce a particulate matter loading (and d-epositional volume) which is formidable evenin the absence of diesel vehicles. The second is the high incidence of smolOng among Cairoresidents. In Emara (1987), over 30 percent of CTA garage workers were "heavy" (> 2 packsa day) smokers; this figure mayor may not be representative of the general populace, but thestatistic provides evidence of daily exposure to at least secondhand cigarette smoke by asubstantial fraction of Cairenes. The third factor is the recent population growth of GreaterGairo itself, much of which is accounted for by a large influx from other partS of Egypt and theArab world. When these immigrants develop impaired respiratory health or cancers after takingup residency in Cairo, the principal contributing cause could be the character of pollutantexposure they experienced prior to arrival In Cairo.

Few unflawed efforts to quantify the carcinogenesis of diesel exhaust have been made, andvirtually all of them are extrapolations from data developed about exposure to other organicextractable materials (cigarette smoke, roofing tar. etc.). A study in the early 1980s developedan extrapolated estimate of 0.2 to 0.6 X 10-4 lung cancers per microgram of exhaust particulateper cubic meter of air (average annual concentration) (Albert et ai, 1983; Lewtas, Nesnow &Albert, 1983). The process of carcinoma formation results fr~m chemical modification of DNAby the invasive organic. Despite the almost impossible task of separating their effects fromother carcinogens present in exhausts, evidence points strongly to polynuclear aromatichydrocarbons as being carcinogenic to humans via both proximate and ultimate interactions asmetabolites on the pathway to DNA reaction and with DNA itself.



Exhibit 8.4 Scaling of Transit Bus Conversion Strat9gy to Mitigation of LatentCancer Fatalities (LCFs) Assuming No Pre-Existing Condition

TRANSIT BUS RESULTING DAYTIME: REDUCTION IN RANGE OFCONVERSION TYPE PM10 AVERAGE PM10 REDUCTION IN LCFsCONCENTRATION EXPOSURE IN por 10,000 (Albert,
RANGE (IIQ/m3 ) CENTRAL CAIRO lewtas 8t aI, 1983)

(IIQ/m3 )

Dual Fuel CI (no > 600 4-7

I
1 - 4

I
change to

compression ratio)

Pilot-injection Natural 590 - 600 8 - 12 2-7Gal (lowered
compression ratio)

D~dicated eNG 585 - 595 10 - 14 2-8Retrofit

New CNG Engine 580 - 590 13 - 16 3· to

inconsistent with the 1987 finding reported by Dr. J. Borrazzo in a May 5, 1994 report toUSAID/Cairo that public transportation accounts for about 14 percent of Cairo particulate notincluding 1UlJUral sources. Applying size distribution data from Black el ai, we deduce a PM10constituent of about 5 percent by mass of particulate concentrations in urban streets. However,because diesel fuel combustion in Greater Cairo represents- a much higher share of transportationactivity than the cities from which our apportionment data deriv(:, the correspondingly largeramount of dust and stationary source particulate is at least partially offset with respect ~o theCore findings. Also, as discussed above, measurements of black smoke concentrations in Cairorepresent a reasonably reliable indication of the presence of engine combustion by dieselvehicles. \Ve conservatively assume that diesel vehicle-generated particulate (with residentcarcinogens) represents 10 percent of the daytime particulate concentration in the breathing spaceof heavily-trafficked Cairo streets. Thus, of the ambient TSP concentrations reported (through1989) for hi~h traffic areas in Ali, Nasralla & Shakour (1986), values are generally in excessof 600 Ilg/m , and the density of the diesel-f~mitted component is from 60 to 70 Ilg/rnJ, of whichabout 90 percent is of 10 microns or less in diameter. If the cited 1983 results of Albert,Lewtas and colleagues are accurate, this means that diesels account for between 11 and 63 ofevery 10,000 lung cancers in Greater Cairo. Public transit buses, roughly 40 percent of thediesel bus population, contribute about 25 perr.ent of the daytime loading of total dieselparticulate in the more congested areas (considering daily activity patterns). This share woulddrop to between 5 and IS percent after retrofit depending on the option selected. Thus,conversion to natural gas couid presumably (in the absence of the confuting factors cited above)eliminate between 1 and 10 latent cancer fatalities out of every 10,000 per year among longtimeCairo inhabitants. Exhibit 8.4 traces these relationships.

)I),/-
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8.6.2 Lead

8.6.4 Ozone

8.6.3 Carbon monoxide

/{)~
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Both the findings of Core, Hanrahan, and Cooper (1988) regarding the understatement of thecontribution of road dust to the particle loading of urban air, and the known persistence of suchdusts in Cairo streets, lend a special urgency to the goal of mitigating traffic-borne lead by
significan~!y reducing its concentration in motor gasolines. However, reducing the quantity oflead in gasoline will not result in an immediate and substantial reduction of its mass in road dust(as a heavy component of dustfall, it is likely to resist mechanical mobilization). Nor will itresult in a near-term reduction in average blood lead levels commensurate with its change as a,,:omponent of motor fuel because lead persists in ingestion pathways (for example, in the foodtins soldiers use for food tins and it is still coming out of Helwan smelters). Exhibit 8.6 showsthe expected chdIlges in fuel lead. ~mission rate, and blood lead due to a) the planned 1995reduction in lead mass percent of gasoline and b) the incremental effect of a light-duty sparkignition bi-fuel retrofit strategy, assuming 33% of light-duty vehicle-kilometers of travel at anygiven time is operating on CNG. (A similar CNG vehicle penetration analysis conducted byEgyptGas held, and we accept, that rate of retrofit could keep up with fleet/activity growth.)The blood lead result is based on application of the inverse of a relationship described in Angle(1984) to the estimated baseline ambient lead concentrations in central and inner residential areasreported by Ali, el al (1986). In both cases, assuming controls will be continued and expandedfor at least 10 years, blood lead for all but the most chronically exposed Cairenes shouldevemually drop below the WHO health guideline of 20 JLg/dl (which is still above average u.s.levels of 4 to 5 J-Lg/dl).

The findings of Emara (1937) and Nasralla (1991) concerning blood carboxyhemoglobin levelsof lJOlicemen, garage workers and bus drivers in Greater Cairo suggest that modest mitigationof this health threat to the most directly-exposed segments of the population can be achieved bycom/ersion of public buses to dedicated CNG. However, since Faiz, et al (1990, cf. Fig. 1)reports that these buses now account for less than I percent of mobile-source CO emissions areawide, average carboxyhemoglobin levels would not be affected.

Because excursions of WHO and U.S. ambient ozone standards have not yet been observed inGarro, as measured by mrJdem state-of-th~-art ~uipment (although avaiiable measurements didapproach these standards), no ozone exposure reduction health benefit will be attributed to anyof the eNG conversion strategies. However, poorly accomplished CNG conversions are knownto have increased levels of mmc emissions. In addition to the importance of developing andusing advanced test f2.cilities to assure that CNG conversions actually reduce NMHC, it will beextremely important to assign high priority to maintenance of low gasoline volatility in theselection of octane-enhancing additives to replace lead. Further growth in gasoline use and/orincreased gasoline volatility are very likely to produce ozone violations in the future.

Datex, Inc.



Exhibit 8.6 Estimated Effects of Gasoline Pb Reduction Strategies
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8.7 Non~Quantifiable Benefits

8.1.2 Sulfate degradation of historic monllme'ats

8.7.3 Visibility and soiling

JIJ1

~14
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Exposure to sulfur dioxide and sulfates from diesel fuel combustion in vehicles has not beenidentified as a health hazard to the general public in concentrations normally experienced inambient air where major stationary sources are not contributing. However, because of therelatively high sulfur content of gasoil and the proximity of bus garage workers to operatingdiesel engines, respiratory irritation and possible damage due to conversion of these compoundsto acids in breathing passages cannot be ruled out for these workers (Bates and Watson, 1988).Thus, removal of one source of such insult (sulfur compounds in fuel combustion products) mayresult in a lessening of workplace-specific exposures. If irritation and damage to workers isalso, or even primarily, attributable to attack by conversion of nitrogen oxides/nitrates tonitric/nitrous acids in the bronchia-pulmonary system, it is less certain that conversion \'oill resultin net benefit.

Datex, Inc.

Balogh, Larson and Mannering (1993) cite several studies that have established a high and directcorrelation between diesel vehicular traffic and soiling of adjacent structures. Thus, the almostcomplete elimination of soot output by bus opeCition due to CNG conversion should result ina commensurate reduction in soiling of structures adjacent to the roadway. However, becauseFaiz, et al (1990) attribute over 80 percent of smoke emissions from Cairo mobile sources tocars, motorcycles, and other light-duty vehicles, this reduction may not be substantial.

8.7.1 SOzlsulfate and nitrate exposure or garage workers

Dry deposition of sulfates and nitrates on limestone monuments and their subsequent chemicalattack on the limestone surfaces, transforming calcium carbonate to calcium suifate or nitrate(after their own conversion by ambient moisture to mild sulfuric and nitric acid), will be aproblem in Cairo as long as sulfur-bearing fuels are burned in stationary or mobile sources.Replacement of gasoil by CNG in buses will mitigate at least a small portion of this slowdestruction.
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9.2 Institutional FunctitlDS

9.1 Introduction
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Section 9.0 Institutional Requirements

Broad categories of functions and activities required in the program are briefly described in thefollowing table along with initial assessments of the magnitude of the level of effort in terms ofnew personnel for each function. In many cases, the function can be performed within theexisting capacity of the potential implementing agencies. The estimates of level of effort do notinclude any USAID or USAID contractor effort to implement the program, such as technicalassistance, training, or commodity procurement. They include only Egyptian institutionalrequirements to implement the initial CNG fleet conversions. If eNG use expands to includemany private passenger cars or other fleets, then these institutional requirements will alsoexpand. However, by that time the knowledge gained through initial CNG fleet c',ctivities willprovide an adequate basis for rational growth in the institutional structure. An inifjal estimateis that the implementation of CNG oper::ltions in the public bus fleet only, not to expand CNGuse elsewhere, will involve approximately 50 new positions across all organizations. The costof these added personnel that could be attributed to the bus fleet conversions is estimated to be50 persons times 600 L.E. times 12 months = 360,000 L.E. per year. It is likely that muchof this could be made up by reassigning ind~viduals from other operations and increasingorganizational efficiency.

Safe and effective implementation of an aggressive program of conversion to CNG as atransportation fuel will require the well planned, highly coordinated and broad-based effort ofseveral Egyptian Ministries and other public, parastatal, and non-governmental groups. Part ofthe scope of this feasibility study is an initial assessment of the institutional requirementsassociated with the implementation of a CNG conversion program. This assessment includesidentifying functions and activities, and evaluating the approximate magnitude of the effort thatwould be required. It does not include recommending specific roles for individual organizations.Assignment of roles will be the responsibility of others as the program develops. Nonetheless,a brief overview of organizations currently active or investigating CNG use is provided.



FUNCTION MAGNITUDE OF EFFORT

Overall Program Planning, Coordination and The program must have a lead organization and
Evaluation. The CNG program will have staffing should include a Program Supervisorl
multiple components that must be carefull'( Coordinator, engin,er, financial analyst, and
planned and managed. support staff. This group could also actively

pursue methods of expanding CNG use in other
fleets. A Steering Committee should provide
oversight and direction. See below for
recommendation on the Steering Committee.

Coordination with Transportation Each fleet should have a CNG Protlram
Requirements. The CNG Program must be Supervisor/Coordinater.
continuously coordinated with the overall
operational requirements and budgetary
constraints of the participating fleets and
Cairo's transportation requirements.

Coordination with Natural Gas Supply This activity will in general fit within the
System. All planning for the GNG program existing institlJtional capacity. Assignment of
and individual stations must be coordinated an engineer trained in the requirements of CNG
within the context of the overall gas supply programs is appropriate.
and distribution system.

Physical Connection to the Natural Gas This activity will in general fit within the
Supply System existing capabilities for gas distribution. The

Iassignment of an engineer trained in the
special requirements of CNG stations may be
approoriate.

Establishment of Safety Standards. Safety Establishment of standards can occur within
standards do exist in Egypt for CNG cylinders the existing framework for standards
for use in military applications and Egypt Gas development in Egypt with Technical
is responsible for their enforcement. During Assistance provided by USAID and oversight
the engineering phase of a CNG program, by the CNG Steering Committee.
these standards should be reviewed for
completeness, enforceability, and
appropriateness to public and private
vehicles. Standards for other CNG
comoonents and activities are also needed.

Establishment of SafetY Regulations, The development of regulations can be led by a ILicensing and Certification Procedures. Laws CNG Steering Committee, discussed in this
and regulations must be developed and section.
implemented that permit the strong
enforcement of new standards.

Exhibit 9.1 Institutional Functions Associated with a eTA Bus Fleet Conversion
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F'mal Report

9-2



FUNCTION MAGNITUDE OF EFFORT
Initial and Periodic Inspection of Vehicles. A team of approximately 4 well trainedEnforcement of safety regulations will require inspectors should be adequate for the CTAvehicle inspections by knowledgeable fleet and would provide a core of experiencedtechnicians backed b.,.. stern penalties and personnel for training of other inspectors asauthority. CNG use sproads.
Initial and Periodic Inspection of Stations to A team of approximately 2 well trainedenforce safety regulations. inspectors should be adequate for the CTA

fleet.

Conduct of Air Quality and Transportation The extent of this work and the proportion toResearch. The impact of CNG use on Cairo be performed within Egyptian institutions isair quality and operation of the transportation difficult to determine at this time.sector must be evaluated.

Conduct of Emissions Testing. No adequate The requirements for an emissions laboratoryfacilities exist for complete ml!asurement of are described separately in this section.vehicular emissions in Egypt. Approximately 8 technicians and engineers
would be required to staff the facility.
Depsnding on the facility chosen, most of
these could be existing personnel.

Development of a Public See below for an estimate of public awarenessAwarenessl/nformation Campaign. Safety of campaign program requirements. One PublicCNG is a serious concern to the public and Information Campaign Coordinator may beofficials in Egypt. A significant public appropriate with a budget for mass mediarelations effort should precede full scale presentation material development.operation to assure the public of the fuel's
safety.

Publish Program Reports. As a method to A team of 4 trained in Desktop Publishing andencourage use of CNG, monthly, quarterly, the fundamentals of CNG use should beand annual progress reports, and financial adequate for publication purposes.and technical reports should be published and
disseminated widely.

-
Implementation of a Broad Training Program. See below for a discussion of trainingSafe operation will require thoroughly trained requirem~ilts. A Tr~ining Coordinator will betechnicians, engineers, and operators. required.

Evaluation of Acceptance by Participants. A team of approximately two is needed during. The reactions of all groups and important the pilot ana implementatIon phases, butindividuals must be evaluatod early in the probably not on a continuous basis.program to assess required corrections and
general levels of satisfaction. Passengers,
drivers, tochnicians and others should be
included.

Datex, Inc. Cairo eNG Vehicle Feasibility Study
Fmal Report
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The generic functions outlined in the above table must be expanded during the projectdevelopment stage to address detailed requirements. These responsibilities must be ass\gned to
c;~ific groups in a carefully sLructured, comprehensive overall plan to ensure ::l successfulproject. Examples of detailed responsibilities to be assigned include:

• Assure adequate and uninterrupted supply of natural gas on a long term basis for fillingstations.
• Establish and enforce specifications and standards for CNG cylinders, storage cascades,and dispensers. Test and license storage cylinders, cascades, and connectors.
• Plan expansion of CNG to other users.
• Export gasoil saved by switching to eNG

FUNCTION MAGNITUDE OF EFFORT
Conduct of CNG Vehicle Feasibility Studies A team of approximately 8 engineers andfor Other Fleets. One intent of the program is economistslfinancial analysts should boto encourage broader use of CNG. If, as adequate. These individuals should be mostexpected, the inilial fleets create enthusiasm highly trained and should also be able to trainfor CNG use, it will be important to ensure others.
that individuals considering adopting the
technology later have access to required
expertise. A team of engineers and
economists who have been trained to
conduct feasibility studies is needed.

Coordination and Support of Industries for The eHort associated with manufacturing willLocal Manufacture of eNG System depend on the degree to which localComponents. Early positive results from the manufacturing is pursued and cannot beprogram may encourage the government of estimated at this time. Costs for localEgypt or the private sector to pursue local manufacture are assumed at this stage to bemanufacture of CNG components or vehicles. equivalent to foreign manufacture costs which
are included in the equipment component of
economic analysis.

Physical Conversion of Vehicles. Costs associated with this activity are includedGovernmental or parastatal organizations may in the labor costs listed in the economicbecome involved in actually converting analy~is and are not treated separately.vehicles. Use of the private sector to the
maximum possible extent is recommended.

Operation of Riling Stations. Governmental Costs associated with filling station operationor para-statal organizations may become are assumed to be included in the cost of theinvolved in ownership and operation of CNG CNG charged to the fleet owner.filling stations.

CNG Fleet Operation. The participating fleet These added costs have been included in theowner will incur expenses associated with technical component of the economic analysisrunning the CNG vehicles, maintaining them, of this study.
fueling, etc.

Jll
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9.3. Potential Participating Organizations

A third group will be the Egyptian Enviroament Affairs Agency (EEAA). Its role could beto receive and publish auto emission data from the tests that will be run on diesel bus enginesand converted CNG bus engines. The bus engine emission tests may be run on the chassisdynamometer at Misr Laboratories. The diesel and CNG engine tests may be performed at CairoUniversity or at the engine test bays of the Gesr EI Suez crA Garage.

Other groups that may be involved in the implementation of a CNG conversion program are thetwo bus operating compan:~: The Cairo Transit Authority (CTA) and The Greater CairoBus Company (GCBC). These bus companies are responsible for operating and maintaining asignificant part of Cairo's bus service for the public. They have several garages that are widelydistributed throughout the city. Some garages are located close to high pressure natural gaspipelines. Hence fast filling stations could be located at or near strategically placed garages. TheGesr EI Suez CTA Garage is an engine overhaul and bus repair shop that has an adequatenumber of engine testing bays. It could be a site for the assembly of reconditioned Ci~G enginesin Egypt.

}Jj;
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• Extend 30 bar main line to CTA garage when needed.
• Seek national and international donors for project grants.
• Prepare tender, advertise, and receive bids, select contlactors for filling :itations,cylinders, cascades, dispensers, etc.
• Explore opportunities for lao...! manufacture of cylinders.
• Select CTA garage for pilot vehides. •
• Identify representative buses for initial CTA piiot.
• Plan and implement scheduled and emergency service and maintenance of CNG vehicles.• Keep records of slow and fast fill tim~s, distance travelled per day, duration of parkingat garage, fuel economy, etc.

Datex, Inc.

Because of its broad responsibilities in the supply of natural gas in Egypt, the Ministry ofPetroleum must playa central role in developing and implementing the program. PETROBELand GUPCO are directly affiliated with the Ministry of Petroleum. Through the Ministry ofPetroleum other institutions will also be involved. The Organization for Energy Conservation& Planning (OECP) is also under the Minister of Petroleum. According to Dr. Ibrahim AbdelGelil, Chairman of OECP, his organization has been designated by the Ministry of Petroleumto be the "Egyptian counterpart" representing the GOE on eNG/transportation related activities,to be the interface of the High Committee on eNG with USAID, and to provide technicalassistance to that committee for developing an integrated eNG program in Egypt. Egypt Gasis responsible for the natural gas distribution lines in the country. According to Law No: 217,Egypt Gas is also charged with establishing procedures for testing CNG cylinders and forcertifying CNG cylinders that pass the test. Another organization within the Ministry ofPetroleum is Misr Petroleum Company Laboratory which has an auto emission t.esting facilityand a chassis dynamometer for testing buses and cars.



Exhibit 9.2 Conceptual Training Program by Functional Ar'ea

9.4. Training and Public Awareness Requirements

Assuming success of the early phases of a CNG program, the next stage will be the manufactureor assembly of new or reconditioned natural gas engines in Egypt. For this task, the companiessuch as The EI-Nasr Automotive Manufacturing Company (NASCO), CTA, and GCnerepresenting the public sector or Carlin Middle East, Ghabor, Isuzu, and Ghorica,representing the private sector may be participants. The Minister of Industry may playa rolein this activity as well. A number of the industrial firms mentioned are known to beinvestigating the potential for manufacturing components or assembling CNG vehicles.
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BROAD CATEGORY OF TRAINING COURSEFUNCTION

TOTAL INTRO TO CNG EQUIPMENT CNG OETAIL£D TOURS OFPERsoNs TECHNOlOGY & OP£RATION ECONOMIC ENGINEElVNGI OTHER FlEETSTRAINm SAFETY ANALYSIS MANUFACTURING

• LEAD AGENCY 3 3 3 :J 2 1
STEElVNG lS 15 3 3 2 4COMMTTEE

FLEET 1 1 1 1 1 1COORDINATOR

GAS SUPFlY 2 2 2 1 2 1COOADtNATOR

GAS CONNECTIONS 2 2 2 2

Datex, Inc.

The groups of individuals within the functional activity areas should receive various types oftraining on different subjects and at different levels of detail. The following chart illustrates aconceptual training plan to illustrate the general magnitude of the required training program.Note that the numbers of individuals listed in Exhibit 9.2 as receiving training do not necessarilyagree with the number of individuals indicated in the table of Exhibit 9.1 above. In some cases,this is due to training of trainers. Also, the numbers listed in Exhibit 9.2 do not imply newemployees in all cases. For instance, the number of people trained in CNG fleet operations islarge primarily to address safety concerns and basic CNG considerations. Not all of this trainingcan be counted against the initial fleets, because the intent of much of the training should be toprovide a solid foundation of experienced personnel for expanding into other fleets.

Key represent1J.tives from the three groups may form the Steering Committee to establishgeneral policies tor project implementation, budgets, task forces, and implementation schedules.The Minister of Petroleum has already formed a CNG Steering Committee that consists ofrepresentatives of some of the above mentioned organizations. The existing committee'sdirective is to explore ways of increasing CNG use in vehicles in Egypt. The SteeringCommittee for the project aimed at a specific fleet could replace, be a modification of, subsetof, or an addition to the existing broader-scope Steering Committee.



• The economic benefits of converting from diesel or gasoline engines to CNG engines in

• The safety and warranty features of available CNG conversion technologies and CNGengines. Of particular interest is the safety and warranty features of CNG cylinderscarried on board the vehicles.

For national and public acceptance of natural gas as a transportation fuel for buses, pick-uptrucks, and fleet passenger vehicles, a massive public awareness campaign has to be mountedhighlighting the following topics:
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BROAD CATEGORY OF TRAINING COURSEFUNCTION

TOTAL INTRO TO CNG EQUIPMENT CNG DETAUD TOURS OFPERSONS TECHNOlOGY & OP£RATION ECONOMIC ENGINEEJINGI OTH~ Fl£ETSTRAINED SAF£TY ANALYSIS MANUFACTURING

VEHIClE 4 4 4 4INSPECTORS

STATION 2 2 2 2INSPECTORS

RESEARCH 10 10 10 10 10
EMISSIONS TESTING 8 8 8 8 2
PUBUC AWARENESS 2 2 2 2

PUBUCATIONS 4 2

TRAINING 8 8 8 8 8 8
ACCEPTANCf 2 2
EVALUATION

FEASlBlUTY 8 8 8 8 8 8STUDIES

MANUFACTURING 8 8 8 8 8

VEHIClE 10 10 10 10CONVERSIONS

STATION 50 50 50
OPERATIONS

FlEET OPERATION 50 50 50 5 5
DRVERS 3000 3000 3000

Note that in the training table, each column may involve several different courses aimed atdifferent groups. For instance, the publishers will receive equipment training in DesktopPublishing and the Emissions Testing personnel will receive equipment operations training inCNG vehicles and emissions measurement equipment and procedures. Personnel on the SteeringCommittee and within the lead agency should receive training in engineering/econornic policyanalysis associated with CNG.
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9.S. Emissions Testing

Cairo and the appropriate CNG conversion technology for each type of fleet vehicle
engine; the economic benefits of the CNG Conversion Program should be assessed from
the national and individual vehicle owner's and filling station operator's perspectives; and

The public awareness campaign should be closely tied to the Training Program and the
Pubiishing efforts. A Public Campaign Coordinator will be needed. Some funding for
development of TV spots or newspaper articles will be needed but are not estimated here.

BEST AVAILABLE DOCUMENT
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• The State-of-the-Art natural gas technology best suited for CNG vehicle conversions for
Cairo. Discussion of the appropriate CNG conversion technology for Cairo should take
into consideration the condition of the vehicles and the quality of the servicing, repair
and maintenance programs available.

Datex, Inc.

Information on air quality in Cairo is limited in many respects, while information on emissions
from motor vehicles is nonexistent for several pollutants and very crude for others. The study
team sought the best testing laboratories available in Cairo for purposes of developing an
emissions baseline for motor vehicles. We visited and viewed two emissions test facilities and
had meetings with two other organizations which have engine test facilities used for the purpose
of testing power, torque, and fuel consumption of engines which have been built or repaired.
We asked other organizations if they had any such facilities. In all appropriate cases of inquiry,
our consultations indicated no knowledge of any other emissions test facilitie.c;. For those two
facilities which had emissions test equipment, we found that the emissions which could be
measured were limited to carbon monoxide, hydrocarbons, smoke, and carbon dioxide. The
equipment used for the tests is, in effect, designed to allow the tester to optimize fuel efficiency.
Its purpose is not to estimate emissions in a manner which can be used to predict in-use
emissions of vehicles in the Cairo fleet. The equipment is useful primarily for comparisons
~mong the same engines and vehicle type, but not for comparisons between engines and vehicle
types.

Converted vehicles are expected to demonstrate an improvement in emission characteristics.
Because natural gas is a clean fuel, it is generally accepted that the pollution from auto emissions
will be reduced. However, an Auto Emission Testing and Standards Facility for Egypt is
recommended to monitor and document the reduction in pollution for natural gas engines. This
facility can also be used for development of emissions standards for all vehicles and other air
quality related research.

The Egyptian facilities that were visited do not have the ability to distinguish between non
methane and methane hydrocarbons. Accordingly, tests from these facilities will be biased
against natural gas vehicles, since they will incorrectly treat methane emissions as equivalent in
importance to gasoline hydrocarbon emissions with respect to possible ozone formation. The
obvious solution to this problem is for Egyptian test facilities to obtain equipment which will
allow the speciation (detailed identification) of hydrocarbon emissions.



9.5.2 Personnel

9.5.1 Facilities

Approximately eight technicians, scientists, and engineers should be thoroughly trained in allaspects of emissions measurement and vehicular emissions characteristics.

9-9Cairo eNG Vehicle Feasibility Study
Fmal Report

Datex, Inc.

Academy or Scientific Research and Technologies. The academy comprises thirteendisciplinary councils and four interdisciplinary divisions. It has a membership of approximately1600 scientists and experts. The Environmental R~ch Council is concerned with theformulation and execution of a national program for environment-related research and studies,the effects of production practices on the environment as well as proposing appropriatetechnologies for avoiding environmental hazards, preserving the eco-systems and rationalizingthe use of natural resources.

Currently, several ministries and government agencies are responsible for different aspects ofair quality monitoring, standards and enforcement. We provide here a brief listing of a numberof public, private and non-governmental groups involved in each activity. This listing is notintended to be comprehensive and no implications of importance should be assumed from theorder of presentation:

9.6. Relevant Egyptian Air Quality Monitoring, Research, Standards, and EnforcementOrganizations

On the heavy-duty vehicle side, it is preferable to follow the standards and procedures that havebeen set up in the U.S. for testing. The acceptable emissions .standards should be Egyp~specific, but the procedures could be easily adapted from the U.S. EPA. A mini-dilution tunnelfor particulate measurement and NOx measurement equipment would be needed in addition tothe types of equipment already available in-country.

The light-duty vehicles fueled with gasoline or CNG fuel will be tested on a chassisdynamometer b:lSed on a typical time vs. vehicle speed (krn/hr) duty cycle. In:tially, the cycleused in the U.S. federal test procedure could be used. SimUltaneously, efforts should. begin toconstruct an Egypt:an duty cycle more representative of local. trafric conditions. The existingtest facility should be upgraded with NOx, CO, HC, and C02 instruments and an adjoiningchemistry laboratory to analyze exhaust samples. Automation of testing with personal computerswill require considerable work and training.

Accurate measurement of emissions requires that the chassis dynamometer be located in an airconditioned room with tem~rature controlled very accurately. A separate room forinstrumentation and test personnel should be provided. Means should be provided for removalof vehicle exhaust and the test room should be soune:;proofed.



Public Health Institute, University of Alexandria. It undertakes applied research for raisingthe standard of public health by combating environmental pollution from chemicals.

Metals Research and Development Center. This Center contributes by developing air and solidwastes projects to control air pollution sources.

EEAA works ~Iith the Ministry of Health and some governorates to support a nationalenvironmental monitoring network for air and water pollution.
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9.7. Relevant Existing Laws

Environmental & Occupational Health Center. This Center is active in the field ofenvironmental monitoring of air, water and soil. It establishes standards of environmentalpollutants in collaboration with others.

Petroleum Research Institute. The Petroleum Research Institute provides the national petroleumindustry with technical and applied research. It has undertaken important research in treating theharmful effects of oil pollution.

General Organization for Industrialization (GOrn. GOFI is the focal point for study ofindustrial processes in the Ministry of Industry. Inside the organization, a general administrationfor environmental protection was established in 1978. The Organization contributes in the fieldof environment by carrying out several projects in water protection, air protection, etc.,

Egyptian Environmenta: Aff:auS Agency. The Egyptian Environment Affairs Agency (EEAA)was established by Presidential Decree No: 631 in 1982 to form the link between the Cabinetof Ministers, the differell1t ministries and other bodies concerned with protecting theenvironment. It is charged with the implementation ofenvironmental programs and plans. EEAAprepares the national plan for environmental studies and drafts environmental legislation. EEAAis responsible for studying and proposing specifications of standards to ensure the protection ofcitizens from the dangers of environmental pollution.

National Research Council. The National Research Council is a center foI' basic and appliedscientific research. It comprises 15 disciplinary research branches including an EnvironmentalResearch Branch. Some of its activities are connected with the Air Pollution Laboratorydetermining the levels of air pollution in the industrial sites, and studying the sources ofpollution and control methods.

Some of the environmental projects undertaken by the Technical Office of EEAA are:
• Air protection against pollution and noise
• Protection from wastes. noise and toxic substances
• Set up of a data base for natural environment
• Drafting the National Five Year Environmental Plan



e Presidential Decree No: 864-1969 establishing the Supreme Committee to protect ambient
air against pollution;

A number of laws are on the books in Egypt to protect air quality. Listed below are some of the
relevant national laws approved by the Legislature:

• Minister of Health Decree No: 470-1971 establishing standards for ambient and work
place air. This decree was later amended by Minister of Health Decree No: 240-1979;

)1'1
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• Law No: 137-1981 and Decree No: 55-1983 by the Minister of Manpower for
implementing this law. These laws determine the amount of fresh air per person in the
work place, suitable temperature and humidity.

• Law No: 66-1973 concerning traffic, later amended by Laws No: 210-1980 and 20-1983.
Minister of Interior Decree No: 291-1974 later amended by Decree No: 407 1983.
Chapter V of the law deals with traffic rules concerning vehicle exhaust and forbids
heavy smoke.

The Egyptian Government proposed to the Parliament three separate laws one for clean air, one
for unpolluted marine water; and the last an overall code for the environment. The Peoples
Assembly decided to combine the three proposals into one Uniried Code for the Environment.

EEAA has overall responsibility for monitoring ambient air quality and establishing auto
emission standards. However, according to the Presidential and Ministerial Decrees, there are
several ministries, institutions and a maze of linkages involved in monitoring air quality, setting
standards and seeking compliance. Due to the overlapping of functions and poor oversight, the
total effort from the gathering of reliable auto emission data to the establishment and
enforcement of air pollution standards has been ineffective to date.

See Section 5 of this report for a discussion of safety-related laws.

Datex, Inc.



Section 10.0 Conclusions and Recommendations

For fleets which use a lot of fuel, the station design which uses a large compressor bank runningsimultaneously with the refilling of the vehicles is superior to one in which a smaller compressorbank runs most of the day to fill a storage system which then fills the vehicles.

Light duty gasoline vehicle conversions are not economical, except in the case where an existingstation exists to serve another fleet. For instance, CTA stations, if used soley for the CTA,would be essentially idle during the daytime. An affiliated passenger car or light truck fleetcould be converted economically, if it can use the same refueling station during the day. .

/19
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The eNG conversion of the delivery truck fleet is marginally economical. Internal rates ofreturn for the base case options investigated varied from one to twelve percent. The order ofpreference for conversion options is l...;sentially the same as for buses, with new tnJcks and newe.ngines being better than dual fuel retrofit of the oid engines. An interesting option tosignificantly improve the viability of the Cairo Beverage and Industrial Company's CNGconversion program is to permit them to use the existing PETROBEL station located nearby.Of course, numerous organizational and logistic issues would have to be worked out betweenthe public and the private sector companies.

Given the stated assumptions, the CNG conversion of the CTA bus fleet is highly cost effectivefor all options investigated. The best option from b~h economic, financial, and technicalstandpoints is the use of new, dedicated CNG buses and engines when new buses and enginesare normally scheduled to be purchased. These have the highest benefit to cost ratio and themost certain technical performance. With the typical new bus purchase of about 150 buses peryear, and estimating new engine purchases at about 300 per year, the entire fleet of about 2300normally in-service buses could be changed over in four to five years.

Capital cost: The analyses were performed for an "average" CTA garage using 220 serviceablebuses, 176 of which operate at the station on an average day. Some of the remaining buses sitin active service, others are in the shop for repairs. Proportioning the costs for those buses, toconvert the entire CTA fleet of active buses would require approximately L.E. 128 million, tobe scheduled over a five year period.

Dedicated retrofits of the existing engines are the next best option, again from the economic,technical, and performance standpoints. Open loop controlled dual fuel retrofits of the existingengines are economically viable but the poorest option. Power loss associated with this optionwithout turbochargering may be unacceptable to the fleet operators. The duel fuel option ispoorest from the emission standpoint as well, because diesel fuel is used during starting andidling, when particulate emissions are heavy. The closed loop controlled option is a type of dualfuel approach that is more expensive than the conventional, open loop controlled, dual fuelapproach, but the power can be maintained. The benefit/cost ratio of the closed loop controlleddual fuel option is also higher than the conventional dual fuel option. More engineering timeand a lenger pilot phase will be required wither either dual fuel approach.



Recommendations

1. The CTA bus fleet· should be converted to CNG operation. Any conversion programshould be carefully designed and should include a comprehensive engineering phase anda thorough pilot phase to ensure successful operation. A comprehensive training program
is needed as well. The following approach is recommended:

The institutional requirements of a CNG conversion prl)gram wel'e investigated and quantified.Most of the functions required to achieve conversion of a large fleet in Cairo can beaccomplished within the existing capacity of associCi.tOO ~rganizations. It has been estimated thatapproximately 50 new positions would be required, but many of these could be filled byreorganizing existing functions.

J~/)
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a. New Buses: Each year the CTA purchases approximately 100 to 200 new buses
depending on the available budget. These buses should be dedicated CNG
vehicles. This may require the purchase of new dedicated CNG engines by a
public sector company such as NASCO or aCTA garage shop or a private sector
company to install in the new buses, and some slight re-engineering on the part
of NASCO. Some relatively inexpensive CNG engines are available in the

The environmental benefits of a conversion of the CTA bus fleet were investigated. There is nocontinuous, quality-assured ambient air monitoring network in place in Greater Cairo for thefull range of mobile-source related pollutants. Continuously reliable performance has not beencertified for the fixed monitors for S02' TSP and black smoke that were in place as of 1992 ateight locations in Greater Cairo (WHO/UNEP, 1992), a fact substantiated in discussion with Dr.M.M. Nasralla of the Air Pollution Department of the National Research Centre (Nasralla.1994). Reliable information about levels of air pollutants around Greater Cairo is eitheranecdotal (one-time measuremc:nts taken at irregular intervals over a multi-year periodpredominantly using mobile sampling equipment) (EI Kotb & Borman, 1987), or derives fromspecial studies conducted for individual major point sources (e.g., the Shoubra el-Khaimaelectricity generating station). There is no mobile-source emissions inventory for Greater Cairo,although at least one heroic effort in the past has sought to quantify the instantaneous vehicularcontribution of CO and NOx on an hourly basis for purposes of dispersion modeling (EI Kotb& Borman, 1987). The greatest concentration reduction benefits to be realized in any CNGconversion program beyond simple dual fuel retrofit ofdiesel buses is in PM10 and sulfur oxides,with the potential for modest carbon monoxide reduction a minor secondary benefit. Weconservatively assume that diesel vehicle-generated particulate (with resident carcinogens)represents 10 percent of the daytime particulate concentration in the breathing space of heavilytrafficked Cairo streets. Conversion to natural gas could presumably (in the absence of theconfuting factors cited in Section 8) eliminate betwt.:en 1 and 10 latent cancer fatalities out ofevery 10,000 per year among longtime Cairo inhabitants. The economic model, using Egypt /U.S. G.D.P. per capita proportioning for cost per tonne of pollution species emissions recentlycalculated in the U.S., estimated the value of benefits on the order of ten to twenty percent ofthe value of the fuel savings.
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American market, such that the increrr ental cost for a CNG bus should be small.

4. This study was initiated in part because of the urgent need to improve air quality inCairo. There are clear environmental and economic benefits if Cairo fleet vehicles use

The Pilot Project should be planned and implemented as a regular revenue earning
project so that engineering, economic and emission data can be generated. This data willbe valuable to plan and implement natural gas use in Cairo's public service bus fleets.

J~I
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d. Refueling stations: Using the approaches listed in a, b, and c above, the
introduction of CNG can occur at a fast pace. Thus, the time before the fueling
stations would be fully used would be shon. Also, if the refueling stations can
be configured and made accessible to other vehicles or fleets fur daytime filling,
the investment made in the stations can be reduced and more fleets, including
bus, truck, and light duty vehicles, can be economically convened.

b. New engines: Each year the erA purchases approximately 300 to SOO new
engines for their bus fleet. These engines should be new dedicated CNG engines.Some slight re-engineering of the buses may be necessary to mount the new
engines. These engines could be specially engineered for CNG and assembled
in Egypt or a U.S. CNG engine.

c. Overhauls: Currently,after a new dif~sel engine has been in service five years it
is overhauled every year. This overhaul costs L.E.20,OOO. Purchase Cof a new
dedicated CNG engine instead of ovc:rhauling old diesels appears economical. If
an overhaul can be saved for two years by using the new engines, L.E.40,OOO can
be saved. This would cover the majority of the costs for the new CNG engine.

3. The Ministry of Petroleum, Egypt Gas, the Egyptian CNG Committee, CTA, GCHC,EEAA, and USAID should consider a CNG bus fleet conversion and operation pilotprogram, preferably at one garage located close to a 30 bar natural gas line. If the gasin the high pressure line comes from the Abu Maadi and/or Abu Quir gas fields, then thecost of the compressors and fuel cost of compression will be less and the quality of the
gas would meet the most stringent specifications for the natural gas for engines.
There is evidence that dual fuel conversion of existing diesel buses is not attractive fromthe point of fuel economy, field operation of the engines and emissions when comparedto dedicated natural gas engines. It might be worthwhile therefore to test, select andinstall appropriate conversion kits to operate some diesel engines manufactured in Egyptas dedicated retrofit engines.

2. Public acceptance can be improved through a wide public information program.Development of a comprehensive safety program to include standards, regulations,testing, licensing, certification, inspection, and enforcement is essential.

Datex, Inc.



• The design of the initial fleet conversion program, as outlined above, should be
begun.

• An emissions testing facility should be established quickly to provide information
for refinement of the program design, for program evaluation, for establishment
of standards, and for emissions certification tests.

• A detailed analysis of the long term natural gas pricing structure as applied to thetransportation sector should be perfonned. The success of the CNG conversion
program hinges on the long term stability, or at least predictability, of fuel prices.
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• A major effort for the development of safety staJlldards and an equipmentcertification program should begin early to ensure that unsafe equipment or
procedures are not used. Failure or accidents eady in the program due to
improper equipment or procedures could seriously jeopardize acceptance of the
program.

• A study should be performed to refine the environmental cost component of theeconomic model. The analysis was based on recently developed values for the
cost of emissions of various pollutants in the u.s. These values were then
decreased for application to Egypt based on the ratio of Egyptian GDP to U.S.

• The economic analysis model developed for this study should be documented and
refined to maximize its value for analysis of other Egyptian fleet conversions and
to support development of the national strategy and initial program design.

• The Ministry of Petroleum has recognized that Egypt should develop a nationalstrategy for conversion of portions of the transportation sector to CNG. Thisstrategy may focus initially on Cairo, but may appropriately include eventual
expansion of the eNG fueling station infrastructure beyond Cairo.

natural gas fuel. Unfortunately, there are no :Emission Test Facilities in Cairo to test !he
different engines and record th\~ individual and collective contribution of vehicles to theoverall air quality in Cairo. The Emission Test Facility can also be used to test andestablish engine emission standards for vehicles in Cairo at this stage of its air qualitydevelopment. Usually the established standards will have to be achieved over a periodof time. Recommendations to the Legislature to pass emission standards based on datafrom the Test Facility would be better received than if emissions standards from othercountries were to be recommended for Cairo.

Datex, Inc.

The above recommendations are those that fall directly within the scope of work of this study.However, in the interest of furthering the CNG conversion efforts in Egypt in general, someadditional strategic actions were identified. Based on the results of this study, the followingactions are recommended as reasonable next steps:



GDP. This simple proportioning of costs may underestimate benefits to Egypt.

• Liquified Natural Gas (LNG) vehicle technology is very similar to eNG
technology. LNG offers the advantage of significantly reduced in-vehicle storage
weight and space. An investigation of LNG use was not within the scope of this
study, but may be worthwhile as part of a long term strategy.

• Several types of vehicles and fleets that could be potentially viable CNG
conversion opportunities were not evaluated because adequate data were not
available within the time limitations of this study. Study of additional fleets
should continue. Examples of several candidates for early investigation are the
Greater Cairo Bus Company public transit fleet, the bus fleets of the large
industrial companies, and the microbus fleet.
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Manufacturer:

Engine Model:

Warranty:

Natural Gas Option Price:

Other information:

To order, contact:

...
Engines

Cummins Engine Company

L 10-240G Natural Gas

Base engine warranty 2 years after date in service;
extended major components warranty.

Infonnation not provided by manufacturer

This engine is currently in limited production. See
descriptive literature.

CARB cenitied September 1992.

Cummins Engine Company, Inc.
P. O. Box 3005
Columbus, IN 47202

David O'Brien (812) 377-6445
Clark Ahrens (812) 377-3915
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Specifications

CPL:1379 ':UMI: 14781
Maximum Horsepower 240 bhp (179kW)Peak Torqu.~1200 rpm)

750 lb.-ft. C1017Nem)

r~

GoVemed Speed
2100 rpm (2100rpm) 1016NUmber of Cylinders 6 (6)

983
725

80m and Stroke
4.921XS.354 In (125x136mm)Engine DiSPlacement
611 cu.ln. (10U

gl
949

700w i=:J

CompreSSion Rallo
10.S:1 (10.S:1)

f ::~
II.915
I

III

Operaong Cycles 4 (4)

d

·Oil System Capacity
10.3 U.S. gals (39L) ~

881Coolant CaeaClty(Engine Only) 12 U.S. qts. (11.3 L)

847
625

Net Weight with Std.
Accessones. Dry

19551bs. (887kgj
813

600
Weight per Maximum Power 8. 14tbSJhp (4.9kglkw)

186
4!50

·With LF3000 Combo Filter

167J I2255

Note: ·Go designates natural gas tuelect • sP8't< ignition.

~':::
0:

Q.
~

~

149
200:J -B:i

o ~II~
130

175 lt -
PERFORMANCE:

~ ~Curves Shown "'Present QI'llI8 engine llerfoll1llllCl C&pIbUlU. COCaJned and
111

150 ~
corrected In ICCClruance WlltI Cumtnina SlandItd••Slandan:I CoI'lCllllons are:
29.38ln.Hg (99.1<4kPal ballllNtJiC Presaura 1500 /llllltude. 7r F (25' C) Inlet

93
125

AIr Te~rature. and Natu.... Gu having OCtane Number 119. auT~_
ture 7T F (25' C) and Gal WObbe '''dell 1215 (SpecIftc GraVIty 0.998. Lo"r

~'f ('10HMIlng Vatue 950 BTUlcu.1L measured by ASTM D-3588ll. The engine may be
operated in a transient mOde up 10 8500 n.(278Om) aIatude and 100' F (38' C).

~~
231

• 38 ~~

Howevor. When amtlIent and/or Installed c:ona/tlona vary from !he Standard Con-
dillona. eerformance charae:t.1lttJcI can be expected 10 vary aCCOfl2lng to the

..I ...~
/ ...~IjJ ~ ~ 218 ...- ..... ,

ldellnee In CummIns Standam.

'~~j~
~ !:!~;: ~~.-......"'"" ':' .1'1.11110010 cone/Ilona. Thia II nel a true IlldJcIlOr 01

~ ~~ulll tanll mileage dUe 10 !he !act hI the engine Iper1dI 0I1ly a eortlon of lime
206

34 IL Gl
on "" full load curve. A IIgniIIcam IInClUnI oIllme~ spent at vartoua

~~
• dIt load c:onatuon., TharIfort. IuIllold BSFCcu~ Ihoulcl nol be USed U an u

u
ndtcator of fuel lank mileage.

194
.3.2

162
_30

1000 ~'fOO 2200BEST AVAILABLE DOCUMENT 1200 1600
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Infonnation not provided by manufacturer

Infonnation not provided by manufacturer

Hercules Engine Company

GTA 5.6 liter, 6 cylinder
GTA 3.7 liter, 4 cylinder

GTA 5.6 is CARB cenified; see descriptive literature.

Engines

GTA 3.7 is expected to receive CARB cenification by
third quaner 1993. For more infonnation on GTA 3.7,
contact Hercules Engine Company.

Kim Boyer, Director
Alternative Fuel Engine Sales
Hercules Engine Company
101 Eleventh Street, SE
Canton, OR 44707
(216) 438-1361

Michael Ervin, Vice President
U. S. Sales and Distribution
(216) 454-5631

Engine Models:

Manufacturer:

Warranty:

Natural Gas Option Price:

Other Information:

To order, contact:
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. " V'ERSIlTI1ITY7 :.." ,'.;. ". . "

Model GTA5.6
6(ylinder Dedicated Natural Gos
Turbocharged and Aftercooled
BASIC ENGINE
STANDARD EQUIPMENT
Cooling: belt driven, low mount water

pump, oil cooler, 20· fan
Alternator mounting: for Delco 2151 series
Starter: Delco 10MT, 12 volt. mounted RlH

below centerline
FlywheeC and flywheel housing: SAE #3,

for Allison AT545 transmission, includes
flex plate

Fuel 8ystem: electronically controlled fuel
management

Lubricating: gear driven oil pump, full flow
oil filter, center sump oil pan

Turbocharger: with water cooled bearing
and wastegate .".' .:-: .~Ignition system: 12 volt. capQCitive':'., - :.:..1«>............. -.;.~.:.' ' .~MiU1:::I1i1' ~,.,.I·

Vibration damper: combination rubber-
viscous .: ...

Accu.ory drive.: for &ir compressor (belt
driven) and steering pump (gear driven)

• 4· ". ' _ ',' ;~.".' . •

The Hercules GTA 5.6 dedicated natural gas
engine is engineered for high efficiency and low
emissions. Special design characteristics give this
engine an exceptionally long and trouble-free life.

- Variety of SAE standard flywheel and flywheel
housing combinations for automatic and manual
transmissions

. ' .. ,SERVICEABI'-JIL..:._'·_~

.:.
III'KIII

HERCULES
ENGINE COMPANY

• Service components arranged for convenientaccess ..
- Nationwide distribution network provides field

service support

• High strength cast iron cylinder block can be
rebored to .020 oversize

• Cast iron cylinder head incorporates crossflow
design along with stellite alloy valve seats and
stellite faced valves

• Forged alloy steel, I-beam connecting rods
• Forged steel crankshaft, surface hardened
• Aluminum alloy pistons with ni-resist top ring

insert, 3 rings, 10:1 Compression ratio and
specially designed low turbulence lean bum
combu::»tion chamoer

- Side mounted, gear driven, alloy cast iron
camshaft

• 7 main tri-metal bearings

IVlllAILE EQUIPMIENT
Air to air 1Iftercoo1er: customer supplied,

see technical data sheets for requirements
Additional accessory drtvn: on crankshaft

or fan pulley for freon compressor or other
accessories

AIr compreuor: various model air
compressors (belt driven)

AItemator. 100 - 13a.-160 amp
High water pump: 15- to crankshaft

contc:1ir:a ':'~~:
Flywheels and ftywMeI. houalnge: for

variouaautomatic anamanual dutch
transmissions'~' . "",,.

Front cent8I ........braCket for
LcntSandwlch maant(single point)

~:: ~:::':: ~;:~~ .:: :=-cii~np W;U1 oli iavt!.

C:·~.~~'~I~:block . '. -",".,~ ',,~~~;::~.~~,~ <.::~; ;'.. .~~;
'.". Note: AddltIonaJ eqluPiMnt may be available.
'. Please consult Hercules Engine Company for' ... &_:1_ .-

j; "t.~~- -.;::]~-:~;::~~ .-,
. .- .~.'.. ..:.'. .....~.. , ~ ..-~...

... .~:••~~.~~.:..~;.~':~~ ~:.~~~:......: t .~... ~~ ••~·:.r..~. .



ON-HIGHWAY VEHICLE APPLICATIOfl
Model GTA5.6
6Cylinder Dedicated Natural Gos
Turbocharged and Aftercooled
BASIC ENGINE

...

GTA 5.6 Power Chart No. 3697

BEST AVAILABLE DOCUMENT

11000j1200j1400116COj1~2OOq2200\240012600eBQOI

ENGINE SPEED - RPM

Iblt N·m
4IW 597

390 529

340 481

290 393

240 325

hp kw
190 142

170 127

150 112

130 97

iiQ 02

90 87

70 52

50 37

~
~7520 8.0

7050 7.5
6580 7.0

..J
W
~u..

a:w
~o
!:l,

1-5·3·6·2·4
10:1

6

28.90· 734.1 mm

43.38" 1101.8mm
33.60· 853.4mm

784 Ibs. 356.4 k .

10251bs. 464.9 k .

4"x4·1/2" 101.6x114.3mm

9 U.S. qts. 8.5 liters

339 cu. in. 5.6 liters

12 U.S. qts. 11.4 liters

Width

Height

Length

Firing Order

Displacement
Bore and Stroke

Compression Ratio

Number of Cylinders

· Enoine oerformance oer SAE standard J1349
conditions (29.31 In. Hg Barometer, 77°F. Air intake
temperature 0.30 In. Hg Water vapor pressure)
using 940 LHV natural gas fuel. Actual performance
may vary with different ambient conditions. New
engine power will be within ·5% of curve shown.
Curves shown represent perfonnance of engine
Without alternator, power steering pump, air com
pressor and fan.

• Altitude correction:
• Deduct 2% per 1000 ft. (304.8m) above 500 ft.

(152.4m)

· Temperature correction:
• Deduct 1% per 10°F (5.6°C) above nOF (25.0°C)
OTE: Hercutes Engine company resenret the right to change

. or lIJ)8CIflca1iona without notice. Engine photograph depicts
ccetllIOr1ll1S that are not stMdaId equipment.

NSTAllATION DRAWING
tandard GTA 5.6 .40·A·1n43. Sheet 1
ptional Accessories .40·A·1n 43, Sheet 2
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Navistar InternationaJ Transportation Corporation

7.3 liter (444 c.i.d.) turbocharged V8
Dedicated Natural Gas
210 horsepower at 2800 RPM

Manufacturer:

Section 8:

EDgin,~ Model:

Projected Availability:

Other Information:
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Manufacturer:

Engine Model:

Warranty:

Natural Gas Option Price:

Other Infonnation:

To order, contact:

l&-
Engines

.I. ecogen Inc.

TECODRIVE 7000, 7.0 L dedicated natural gas,
naturaUyaspirated, 195 hp @ 4000 rpm

TECODRIVE 7000T, 7.0 L dedicated natural gas,
turbocharged, after-cooled, 245 hp @ 3600 rpm

12 months or 12,000 miles; extended warranty available
upon requ~

Available on request

TECODRIVE 7000 CARB certified to 1994 emission
requirements.
TECODRIVE 7000T CARB certification in progress.
Variety of options available.
Sales and service available through national distributor,
United Environmental.

MarkCorlee
General Manager
United Environmental Inc.
P. O. Box 75389
Oklahoma City, OK 73147

Phone: (405) 942-1676
Fax: (405) 947-3406

Page 8-6

1.87







Ii/-{)f.·fOOO

420
en
CD

400 ...J
..,:.
~

380 w
:::J
0

360 a:a...
340

3600 8,700

8 quarts
8951b
245 @ 3600 rpm
Natural Gas 920 Btu/scf (UIV)
425 ft Ib @ 2200 I1lm

3200

.......................... 8.coa

1------••- 0-1

28002400

ENGINE SPEED (RPM)

Lube au SJll~emCapacity
Weight (Dry)
RatcdBHP
Fuel
Torque

2000

....................................................................8SPc· 9.100

.............. ··BH·F'····

....... . ::::::::::::::::..::::::" j
TORQUE

260 r----- ---.

TECODRIVE 7000T Specifications

PERFORMANCE CURVES

4
4.25 in.
3.76 in.
427 cu. in.
Turbochar~ed

Yes

240

220

200

180

160

140

120

100 ,000

Tfli (3'83) 284-f.
FAX(3f3)28'823C4
....a--.~.......T........

a:
:cra
a:
w
~a
Q.
w
en
a:
~
w
~

~
CD

1----- 1lI~ -----4

-nx::oDRIVE 7000T net output at W.O.T. mm:ctec! to SAE 1349
All spcdfk:aUona and malcr1aJs subject to change wtthout notice. A1111pCl:t8c:auons and rat1ngs are t6~

TECODRIVE
c:ru.m.EiIgi.-
7100 E. 15 MIa Ram
SIIIq~"48312

Cycle
Bore
Stroke
Displacement
Aspiration
After Cooler



• Dedic:ated Natural Gas

The TECODRlNE7~ engme is a healV)'duty automotf:ve engine tntended for U~1eIn trucks and buses. nle cast-L.~nhecldsand block and the optional cast-Iron clutchhouotng makt: th1s engt.ne well suited forcommerc1a1 vehicles. The engine can beordered In a basic configuration that
Incll~'des the gas miXer and a custOlIl1ZedEIcctron1cs Canti-ol Module:: (EC4vr, or \IIIltha full complement of engine accessor1es.

The TECODRIVB 7000 IS a cIean-bUl'lllJDg.low-emlss1nD engine that is caurom1a AIrResources Board (CARSI ccrt11led. to meetcurrent emisSiOn standards for natural gasengines. 1ECODRIVE engines are used topower natural gas vebJcles. packaged!cogeneratll:JD systems. engme-dr1ven wata'chJ]Jers anti air condlUOners. and IrrlgaUOnpumPs·' .

• Application Flexibility

• Up to .195 lIP

• Pnmen ReUabilfty and Durabilit.y

• Exteru:h!d Life

• Superior Fuel ~ciency

• Standard Installation

• LoWel" Operating Costs

BEST AVAILJ\BlE DOCUMENT

AUTOMOTIVE NATURAL (3AS ENGINE:

h

TJ:CODRJVB DEUVERS nmDarRrALmvona: DurrwilB AUrO.HO'JD'Jl:BNO.DVB AJIFORDABll.ITI

The TECODRIVE 7000 19 a lO.5-to-lcompression raUo 427-cubtc-tneh-(',r.o Uteridisplacement V-8 spark-iglilt'ua eng,1ne,developed for use with natural gas fuel.Tecogen has modJfled a General Moten'SgasoUne-fueled engine to increaseperformance. durability. 'and efficiency foroperatlon With natural gas fuel. lntemaletU(1ne modifications tneluete t.'1e us~ !:ll. spectal hfgh-compresston forged alumtnumpiStons. a long-Ufe ring pack. and valvetram mtv1IOcat.tons. performance of theTECODRIVE famsly ofnatural gas englnesbas been demonstrated In m11l1ons ofhours of rel1able operation in TecogencogeneraUon and englne-drtven chillerstatJDnary power applications.



320

300

280

2eO

8 quarts
8651b
195 @ 4000 rpm
Natural Gas 920 Btu/seC (LHVl
or Propane

1-----.- ••. -----t

Lube 011 System Capacity
Weight (Dry)
Rated BHP
FueA

PERFORMANCE CURVES

TECODRIVE 7000 Specifications

4
4.25 in.
3.76 in.
427 cu. in.
10.5 Lo 1

1----- .7- -----I

, ,
i iI I

BHP! ---...-
/~

i
/'

/
/

V

--- / ~---- '/

""'
TORQUe-

/
"')1'

/
/'

/
..""".~...

...... / l-/ BSFC _
!~ .............,

200

190

180

170

160

a:- lSO

~ 140
a:

130w;:
1200

Q.
W 110
(I)
a: 100
0x: 90

80

70

60

50

~

TECODRIVE
....~Q W/~, CtuudJrEngn.~~-A_.;.,. 7too E. 15 Mae Ao8d
~'7( ~ ~ Heights, MI483t2 TECODRlVE 7000 net output at W.O.T. c:orm:tcd to SAE 1349."I\t U c:..t .. Tal (313) 34-1200 AIlapcdfk:atlona and -natcrtala aubjcct to chanle without notice.::c~~=........r......... AIlapcd&:adona and rau.n,a 1II'e:t596. 2/'13. 1000

o 30lI 600 900 1200 15CO 1800 2100 2400 2700 3000 3300 3600 3900 4200ENGINE SPEED (RPM)
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Stroke
Displacement
Compression Ratio
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Manufacturer:

Engine Models:

Warranty:

~atural Gas Option Price:

Other Information:

To order, contact:

...
Engines

Detroit Diesel Corporation

6V92 Pilot Ignition Natural Gas (pING)
6V92 Direct Injection Natural Gas (DING)

Infonnation not provided by manufacturer

Infonnation not provided by manufacturer

PING is in full production for the 1993 model year;
DING is in limited production. See descriptive
literature on PING

Nick Vennett
Vice President. Engine Sales
Detroit Diesel Corporation
13400 Outer Drive West
Detroit. MI 48239
(313) 592-5292

Page 8-3



Natural Gas Engine

aeTROIT DieSEL

Detroit Diesel
Pilot Ignition
Natural Gas Engine
The Detroit Diesel 6V-92 Pilot Ig_
nition Natural Gas engine will be
offered for transit buses In the 1991
model year,

The Pilot Ignition Detroit Diesel
Natural Gas engine operating prin
ciple is really very simple. Here's
how It works:

The basic 6V-92 turbocharged
and aftercoofed engine is
eqUIpped with the Detroit Diesel
Electronic Control (DDEC) system.
The electronic fuel injector pro
vides a pilot charge of diesel fuel
into the combustion chamber. The
fuel ignites in the chamber and
in turn ignites a charge of natural
gas. The charge of natural gas is
timed into the cylinder via a high
speed natural gas valve. The gas
v?lve nozzle is located just above
the normal intake ports in the liner.

The engine takes advantage of
DDEC with the addition of a s.ec
ond electronic control module
which performs the overall con-

whether the engine is in diesel
only or dual fuel mode.

At idle, the engine operates on
100% diesel fuel only. Above idle
- depending upon the driving
cycle, the engine switches to burn
primarily natural gas. using a small
amount of diesel fuel for contin
ued combustion. This is known
as the pilot ignition mode.

Diagram of the Detroit Diesel 6V·92 Pilot Ignition Natural Gas Engme

BEST AVAILABLE DOCUMENT

"

Pilot Ignition



(

HIGH SPEED
GAS INJECTOR

FULL ELECTRONIC
CONTROL OPTIMIZED
DDEC CALIBRATION

BEST AVAILABLE DOCUMENT

OPTIMIZED
TURBO MATCH

OPTIMIZED BLOWER
DRIVE RATIO

CYLINDER LINER
MODIFIED TO ACCEFT
GAS NOZZLE ENTRY

Advantages of the Detroit
Diesel Pi!ot Ignition Natural
Gas Engine:

• limo home capability - If the
engine runs out of ~atural gas.
the vehicle can stili "~jmp' home
on Its seCondary diesel fuel
sUPPly.

• The engine does not need any
special materials or lubricating
oils.

• The Pilot Ignition Natural Gas
engine has lower particulate
matter (SSP) emiSSions and
lower peak and acceleration
smoke than diesel engines.

• The Pifot Ignition Natural Gas
engine, when equipped with a
catalytic converter, is expected
to meet the only currently
legislated natural gas emission
regulations, which have been
set forth by the California Air
Resources Soard. Federal
standards Will probably be
developed along the same lines
as California.

he Pilot Ignition Natural Gas
ngine Program partIcipants are:

OAr Technoloeies
Getron Diesel Corporation
Gas Research Institute
Ortech International
Stewart & Stevenson Power, Inc.

!rOlf OiaH" and the SPInnIng arrows are regJaterlld rradt!mallls of DerrOll Diesel CaporalJon
9105 As IlCl'1nlcal advlllc*'_1lllI c:ontJnue, IP8Clficaliona WIll et1In9I.l.Iltlo in U.SA

3400 Ouler Drive. Wesll DOlrOI!. Michigan 48239.4001
elephone: 313-592-5000

elex: 4320091/ TWX: 810.221.1649
AX: 313-592.7288

_e_T_R_a_IT_D_,_e_S_EL ~e
ca"~"""aN ~
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Caterpillar Inc.

G3306 Truck and Transit Bus Engine

Manufacturer:

Section 8:

Engine Model:

Projected Availability: First quaner 1994 ..A
Other Infonnation: G3306 specifications available upon request0,::~:~ "!}\,

. . numbe~ below and request fonn#~~*,\~">
For more mformatlon, contact: Caterpillar Inc·:::::i~W\l,:. .:::::;;t4fo;~I<.

~~t;,;~:mon ..~ '1"'~~ iY
POBox 610 MOS 4QM¥:5i~~:'t~,.

Buyers Guide to OEM Natural Gas Vehicles and Engines





Summary of Base Economic Cases With Selected Sensitivi'ty Analyses

STATION AJEL BENEAT EXPORTS EMISSION INTERNALand SAVINGS TO COST LESS DECLINE RATE OFVEHICLE BENEFITS RATIO IMPORTS BENEFITS RElURNCase CASE DESCRIPTORS COSTS (51000S) (excludes (SIOOOS) (SIOOO5) (SI000S)No. (SI000s) emissions (rough (excludes
values) estimate) emi.ssiol'.3 S)CAIRO TRA.~SITB US CASES

New Engine or New Dedicated Bus
lA Large Compressor 4040 9100 2.25 7220 2160 45%1n Large Storage 5010 9100 1.82 6670 2160 38%Retrofit Rebuiilt Engine Oed.
2A Large Compressor 4430 8900 2.01 6960 2160 38%2B Large Storage 5450 8900 1.63 6380 2160 32%Retrofit Oil Ignited Gas Engine
3A Large Compressor 4180 7660 1.83 5560 2020 34%3B Large Storage SOlO 7660 1.53 5090 2020 29%Retrofit Old Engines Dual Fuel
4A Large Compressor 3470 5940 1.71 4620 940 30%4B Large Storage 4230 5940 1.40 4190 940 25%

CAIRO BEVERAGE TRUCK CASE
N"w Engine or New Truck Ded.

SA Large Compressor 1430 1440 1.01 691 631 12%SB Large Storage 1610 1440 0.90 590 631 9%Retrofit Rebuilt Engine Oed.
6A Large Compressor 1700 1420 0.84 500 631 7%6B Large Storage 1880 1420 0.76 396 631 6%Retrofit Old Enginea Dual Fuel
7A Large Compreasor 1380 951 0.69 268 154 3%7B Large Storage 1513 951 0.63 191 154 1%

AtrrofI'RUCK GASOLINE TO CNG
New Dedicated

8A Large Compressor 962 541 056 7 83 0%88 Large Stonge 1020 541 053 -27 83 -2%Retrofit Old EnglDel
9A Large Compressor 718 432 0.60 97 34 0%98 Large Storage 765 432 056 71 34 -1%

SELECTED SENSI1lVITY CASES
5AI Off-Peale Electricity @ 2¢/IcWb 1400 1440 1.03 698 631 12%
SA2 Connection Distance 500 Meten 1290 1440 1.12 689 630 15%
5i'\3 50 Cairo Beverage Truclca to Existing 212 360 1.70 234 158 41%PetrobeU Statioa (lDcremental Cost)

8Al Oed. Auto cl: Truck Using CTA Case 1530 1440 0.94 322 221 4%Al Station During Day (Iocr. Cost)

9A1 Bi-Fuel Auto &: Truck Using CTA 934 1150 1.23 530 91 8%Al Station During Day (Iocr. Co_)

9al- Bi·Fuel TrucIc Only Using CTA 1160 1640 1.41 864 116 18%Al Station During Day (Iocr. Cost)

Nolet: Costa and benefits are estim·ted in net present value terms using a 10% real interest rate. U internal rates of return 'are
estimaated to be lesl than 10%. tbcn the benefit to cost ratio should be Jell Ulan 1.0. The benefit to cost rllio presented bere is UlC
private rate - it doea DOt include the IOCial value of emissions reduction. To obtain an estimate of Ibc benefit to COlt ratio including
the social beoefits of cmiuioos reduction. add the emissions decline benefits U1fd the fuc1aaviDg. benefir. togcther aad divide by
tht station aod vehicle CQsts.



Sensitivity Analyses for Case Al

STATION FUEL BENEFIT EXPORTS EMISSION INTERNALand SAVINGS TO COST LESS DECLINE RATE OFCase CASE AI VEIDCLE BENEFITS RATIO JMPORTS BENEFITS RETIJRNNo. MODIFICAnON COSTS (SIOOOS) (excludes (SI000S) (SIOOOS) (510005)DESCRIPTION (510005) emissions (rough (cxcludes
values) estimare) emissions $)

New Engine or New Dedicated CNG
IA Buscs Served by Large Compressors 4040 9100 2.25 7220 2160 45%
lAI 33% Decline in Diesel Price 4040 5900 1.46 4010 2160 23%
lA2 56% Natural Gas Price Increase 4040 7010 1.74 7220 2160 30%
lA3 Double Vehicll. Conversion Costs 5500 9100 1.66 6020 2160 29%
lA4 156% Increase in Storage Cost 4200 9100 2.17 7100 2160 43%
lAS 79% Increase in Compressor Cost 4550 9100 2.00 6790 2160 45%
IA6 25% Decrease in Dally Kilomelen 3520 6830 1.94 5080 1620 3<)%
IA7 Double Import Taxes (40%) 4520 9100 2.01 7220 2160 NE
IA8 No Import Tues 3560 9100 2.56 7220 2160 NE
1M 33% Devalur.tioo of Egyptian Pound 5000 13900 2.78 11200 2160 90%
IAIO 10 Year Tunc Horizoa 3840 6860 1.79 7260 1640 43%
IAll Triple Labor Cost 4350 9100 2.09 7220 2160 43%
IAI2 Triple Slow Fill Fraction 3970 9100 2.29 7260 2160 47%
IAI3 Half Fill Rare Dispenser 4100 9100 2.22 7180 2160 44%
lA14 Double Slalion (twice as many buses) 7770 18200 2.34 14500 4320 50%
IA15 Half Station Size 2180 4550 2.09 3570 lOBO 38%
lAI6 No Slow Fill 4060 9100 2.24 7200 2160 45%
IAI7 30% Better Bus Fuel Ecooomy 3530 7070 2.00 5270 2160 38%
IAI8 29% More Tune for Fat Fill 3760 9100 2.42 7390 2160 52%

Nores: COlts and beaefits are eatimaled in oct presene value tenJw using a 10% real interelt rare. It incanal ratcI of return are
cstimaated 10 be leu tbaa 10%, thea the benefit to cost ratio should be less thao 1.0. 1be benefit to colt ratio presented bere is the
privare rare • it doeI DOt ioc1ude tho IOCiaI value of emillions reduction. To obWn an estimate of the benefit to COlt ratio inclUding
the social benefits of emissiODl rcduaioa, add the emissions decline bcoofill auld the fuel savingl beoefililogether and divide by
tht station and vebiclo COlts. NE iDdica&a that tho model , as structured 00 OcL 30, did oot properly estimate tb.ia value.



MISCEllANEOUS ECONOMIC INrurs
Dayl or AccUSlIIion Operation 365
EtdJl/llc Rare 3.31
h'imc lIoriz.on (Duc (01 =15 yr, enler I fIX 10 yr) 0

M.inIcnancc COOla
Slilion SlOrilC CQIU
Dilpcmcr COlli

Milc.cILvJcu... Coau

lu.lIllIri""

FrKticn Ilccovcnble From
S~AIC Vmca: 0.40 10 0.55

COIqlrCllOf Coil Functionl

SCFM~ Slope
Ipcr Vllil Term r'ocrrlCicn

50 23120 9n
75 26961 631

100 31394 493

TATI,)N DESIGN W'ACTORS
fOlly Bu fa ~ac.Bo&..I. OlbawiIeSd.O 0'*01 SIl.rJ,c U flrKtial 0( ASME Raled Stralc 0.39

FnaIaa of Cia Rocovenblc from Slonlc 0"'
Houra ani Able Cor a10. rtll >:>1 ., I Fa CuI 1iI1»» 7
low fiUnle,GlhrinUlc>>>I 0.12 I n.lfiUnIc>>> 17

r CAll\IIction InlcrccplTam 31394
r CAlI'uIIctioo Slope Cocmciclll 493
r Call Faaot. > 6 Bu cnIU O.~. Ilf leu G.$6

HounIdIv r~ r MaiIumno;c 1

IMISCEUANEOlB ECONOMIC INPUTS
RCIl1 DiIa> ..Rale, .. 10
ILaIu Cell sn. S5
tIwiealrmUl Tlua .. 20
Ired 01Lu d (or S&alJoa (fall/) SO

YAWl: ,JV EMISSIONS REDUCTIONS sm-
Lad 7tOO
l-llbaa Jot, no&lck (CO) 22
~CDWdbI"" Hy~(NMHC) 205
~1ln>1ICD O&idca (NO&) 7~

Pu1IcuIAlc M.aa.cr (PW) 7100
iSu!Cw0ll.1ca (SOx) 7200

BEST AVAILABLE DOCUMENT
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OTAL aENEFITS LESS COSTS

7
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-4291
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6

393
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-42S1
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.5

·79

2746
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2610 I 2661

YIN aGyrnAN rouNDS (1000,
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34.59 , 2.510
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III SIaDdMS Oll.jc Mdal
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BEST AVAILABLE DOCUMENT
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9
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LESS COSTS
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~
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MISC£I.IANi:UIIS t:nJNUMIC INI"TrS
Day. 0( AccJlSllllUn !JIlCDlion 36.5
Etc:hanlc Rale 3.37
I'nmc 1l00izon (Bllc (01 =15 yr, aller I (or 10yr) 0

VdliclcTlnu

S~tionStorllC Coou
DlIpCNU Cuw

MiacellmCllIll Cow
IIwllLaI;un

FucliOIl Recoverablc From
SIlll'IIC Varica: 0.40 10 0.55

Comprcaaor Call Function.
SCFM InIC1Up1 Slope

paUoil TCl'm ',.oem"al
50 23820 977
7.5 2696. 631
100 31394 493

STATION DESIGN FACTORS
(QIly 8 dfer SIonIC. Bo& =1. Olhawilc Set .0 I

rc.l 01 S'oraac u Frlldicn 0( ASM£ R£la1 SI<nIC 0.39
Fnl:liat (f au Rccovaablc (10m Sl<nlc 0.5
Houn av. il&blc (... alow fiJI >:>1 IS I For ful fill»» 7
slowmlll!c.CMlminulc>>>1 0.12 I Fulfillnlc>>> 'i7

oq.a.or CCII Punction Intaccp& Tam 31394
:~a.or CCII PunctiOll Slope CQc{fsc:icm 493
:oq>ra.or CCII Faaor. >6 Bar cmr 0.$6.1 i( leu 0.56

Haunldar for MainlawlU I

YAWl or EMISSIONS II£DlJC110NS SIlome
~ 7100

IIb<II Pol onoaidz (CO) 22
~~Mdt AIlCHy~(NMIIC) 205
~itnlplllxidcl (NO&) 750
Putiallal.' MI:I« (I'M) 7100
Sclb Olidea (SOlI) 7200

MISCELLANEOllS ECONOMIC INPUTS
RaJ DilCllLR Ralc. ~ 10
lalu Cool, S"" S5
Twic.alln IOOIt Tua ... 20
rOIl olund (or S~tion (T,,~I) SOBEST AVAILABLE DOCUMENT



($91,379)

($51,60)

($57,(l5O)

($96.162)

so

(1212,263)

(S66OJ07)

(S567,$03)

($101,615)

(Sm,l96)

15yrNPV

COSTS

15yrNPV

SAVINGS
S9,613,o19

30

50

50

30

100

100

100

100

1'I:r~

OTAL IENU'ITS LESS COSTS

5 6 7 1 ') 10 II 12
30U 409 409 409 409 409 409 409
4511 451. 4588 4511 45•• 4511 451. 4511
-1564 -4179 -4179 -4179 -4119 -4119 -4179 -41791517 .2$92 -6nl -10949 -15.2~ -19307 -23416 ·27665

. .' .' ". ."- ':. : .. ,

~.". ··o>.mzmI
• " • of:. .'

SdlIoIaJ

2112 I 3764 I 3115 I 115.

2112 I 953 I 120 I .7]]

912 I 1m I 2763 I 1676

3724 I 2nl I 2114 I 29011

Y.r>>>> I I I 2 I 3 I 4

BEST AVAILABLE DOCUMENT

'AlION IliSIGN VAU&IB1'IMA'" .~Co.-c.pdIy (SCI' per MIzW 2319
( In StIDdIrd ClItlIc: Wda'a per bour) 4051

Sl.ara.o Size (SCI') 131410
Ia SIandud OIbic Metal) 3921

rsrDt\TIor IImISCOIINDD NEI' CABH ouru.YIN IGYPI"IAN rotlNDS (11I0OI)
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BEST AVAILABLE DOCUMENT
!TOTAL ~~NUTi'S LESS COSTS-TI 01' I!fllISCCMJN1"~CMJ: GU"'ii..AYIN IGYPJ'lAN POllNOOH~)

2 3 4 , 6 7 • 9 III II 123. 101] 3237 ]]]0 3452 61] 6Jl 613 611 613 61] 613912 1m 2763 ]676 4n. 4'U 4'11 4511 4'Hd 45i1 451' 45113013 125. 47<4 .]46 ·1116 ·]976 ·3976 ·3976 .]976 .]976 ·3976 .)9163013 4132 410S 4459 ll21 -6Sl -4621 ·1604 ·12579 ·16SS5 ·20531 ·24506

'A110N IlaIGN VAUJa I8TDdATa ,~Co.-Opdty(SCP~MizlLu 1090
( In Slaadud Olble Wda'a pel' bow) 1152

Sllnp Siu: (SCI') 1931122
In SlmdonI Cllbic Nden) 5419.
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STA110N COSTS

'OSTrra.t

MISCEI.IAN[OUS t:nINOMIC INPUTS
DaYI o( AcdlSLoIion Opcnlion 3M
Eldunlc lUte 3.37
nmc Haimn (Buc 101 ..15 yr, mler 1 (or 10 yr) 0

Fraction Recoverablc From
Storlgc Varica: 0.40 10 0..1.1

COI11'fCllor Colt Functiona
SCFM Inl=cp Slope

lpaUnil Tam !cocrrlCial
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7.1 2696. 637

100 31394 493

TATION DESIGN FACTORS
UQIIy Buff~SloIl'C, Boa ..I, 0IhcnriIc Set • 0 1
r..a of SbnlC U Fn<:ti<ln ofASME IUlcd SialiC 0.39
Fraclloa 01 Gal 1Wcovcrablc (rom Sialic 0.5
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low fill n .... OI!min\llc»> I 0.12 I FlaIIiU rile>>:> 17
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MISCEUANEOUS ECONOMIC INPlITS
a..DiIalIft Raa..~ 10
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'IVDi<:aJ 1n"""1 Tau:. ... 20
.....a olulld for SIalion (Tolal) SO

VALU! OFlMlSSlONS REDUCTIONS SIIomD
)..-s 7100
~ M.C\o&/dc (CO) 2Z
Nelli Wdh.nc ffyetoe:Mbao£ INMHC) ~

NIlroICII (Ixldcl (NOI) 750
I'u1icuWc MalUr (I'M) 7100
SuJAIr (bj lea (SOs) 1200

10.6

I"o
o

o

nJa. ULAUDlNPllI'S

~ COMPIIISSED NA11JRAL GAS IT,....CTA SuI Cal.· Cue 3A (large ComIQUOf) I'i'u:ET COST AND BENEFrr ESTIMATE MODEL INN" SHEET I
L •• I C L. D A T 4 IN' U T 8 .

V E II I C I. E 0 A T A I N PUT S '. ',' . .• . . _ .... ~ . . . . .' _ .. .. . ~ ". ~ -~~ .r. . ~., '.". . '" ~ . _ . _ . , . .. .I L .. u IV:IO

BEST AVAILABLE DOCUMENT
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BEST AVAILABLE DOCUMENT
.ESI1MAUOPlINDISCOllNTlDNETCASH OUTI.AY IN !GYP) IAN POUNns (J0000)
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5 I 3
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Tan 101C)11nIp
Convert HNVr

Compn:uor COIU
PuwaColII
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STAnoN COSTS

COSTrrEM

IMI'OKT CO!>'T SHARES

MISCELLANEOUS ECONOMIC INrurs
OaYI of f1cdISlIIion Opcntion 365
Eadunlc Rile 3.37
~me "",iron {Buc (OJ =15 yr. alia I (oc 10 yr) 0

BEST AVAILABLE DOCUMENT

Fraction Ra;ovcnble From
StorllC Vuica: .1.40 10 0.55

COlQl<CMOr Coal Fun<:tiom
SCfM~ Slope

pcrVnil Term "'ocfrlcim
50 23120 9n
15 2696. 637

lOll 31394 493

VALVE ·:>r EMISSIONS REDUCTIONS SIIDanll
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- - _u u -, L u - -

-- - - -- - _u -



I~I

~
0.0
0.0

lQ.6

0.0

0.0
0.0

9.0

BEST AVAILABLE DOCUMENl
iOTAL aENEFITS LESS COSTSTIl CW IMlISCOIJNID) HI :TCABH ounAV lIoIlGYPlUN roVNO!j(JOOCII

I 2 3 4 ; 6 7 1 9 10 11 123273 214S 2461 2.540 2604 414 414 414 4l1.f 484 414 4146Qg 1211 1144 24S3 3062 3062 3062 3062 ]062 3062 3062 30622664 1127 617 17 "'9 -2S7I -2S71 -2S71 .251M -257M -2S7I -2S712664 3791 4407 4494 40U 14n ·1122 ·3700 .6219 ·IIS7 -1I4U ·14014

'AnON IlIlIIGN VAUlII:B11MA1D ~eo._CIpclcJ(S(1'peI'...... 132
( ill Slaadud 0.ilM: Wdtn pel' bour) 1414

Sllna- Size (SCf) 1443729
(ill Standud CIilic Mden) 40111 .

VdaIcIo
VdaIcIo

VdaIcIo

VtIIkb

!:!!t!:
VdaIcIo

~
VIIIIdo



I~

S I 3
5 I 6

5 I 3

Yean 101C)11nap
Convat HnlYr

Vchicle Ccavcnica Kill
VchiclcTanU

vaDCU! COSTS

.-

MISC£LUNt:OlIS ECONOMIC INPUtS
Day. of F1cc1/SlaI.ion Opcnlion 312
ElcllJIIlc Rare 3.37
tnmc Horwon (Bllc 101 =IS yr. enler I Cor 10 yr) 0

BEST AVAILABLE DOCUMENT

Fnctioo Ra:overlblc from
SI""IC Varia: 0.40 10 O.SS

Co~cuorCOII Funcliona
SCfl,t /nIQup Slope

per IInil Tam lr-ocWda,

SO 23120 917
75 26961 637
100 31394 493

VAWI: 0 .. EMISSIOlIl'S UOvcnONS SAocIlI
LeId 7100
"Idlca Mooolldc CCO) 22
!leaWcdIanc HyctClCllbaDa (NMHC) 2M
Uroltll(b idea (NOs) 7SO

Maacr(N) 7100
;U1f\Ir Oald.. (so.) noD

IsTATION DESIGN FACTORS
C01Iy Bulla SlDnac. Boa =1. QbawiIe Sec • 0 I

~OIII at Sl.or IIC .. Fncticln 01 ASME Raled Slaralc 0.39
frlClloo 0(1 jq itecownblc Crom SIaraIC 0"'
Houra ...aih blc CIlI' .Iow nil >~ ., I fill' Cullil!>>>> 7

low fill ral.,. OChnintU »> I 0.12 I Ful rtIl raIc>>> 17
C~_ CllIIIlUIctian lnlG'cqll Tam 31394
COllJIlfISP COIlIUIctian Slope CoclrJciall 493
COllJIlf__ Old fadot.:> 6 flu mer O.~.I illc:u lU6

C.~ M~ I

IMI5CELU NEOlS ECONOMIC INPUTS
~ca1 DiIcouIIi Rale,~ 10
Ubl¥ COllI. $IIw IS
~lcaIlml"'1 Tala ~ 20
:COllI at lAnd Cor SIaIloo (1'0111) SO

~ COMPRESSED NA11JJlAL GAS JC#'O e.venage Tru;l( CaM· Case SA (large CompI3:) n.EET COST AND BENEFIT ESTIMATE All )UI!:I~~l1f SHI!:ET t
L I: • Ie L I: D AT" IN. D T Ii .

V E Hie LED A T A I N PUT Slc -' '.: . 'i -I' -" - .... '.' _ '., : .' , - . . . : '. . .-.' -



/63

OTAL aENEFITS LESS COSTS

1 1 9 10 11 12
9~ 9~ 9~ 9~ 9~ 9S
743 143 74] 743 143 743
-641 -641 .6-1$ ·641 -641 -641
1216 629 ·19 ·667 -1314 -1962

6

9S
143

.641
1924

u..----...

.5

31

14]
110

~n

• -, I

. ~ -";. .'" .. ,... .... . "', '.=

~~' .. ,;-.~
• _. "lI; .' '. ~ :. • ". '" '. • ~

I 12 13 I 4

1611 I 2031 I 2361 I 2~34

1611 I 426 I 329 I 161

1160 I 723 I 77S I 761
• 149 I 297 I 4C6 I S94

"-MD...
'I'rIIctMcwDId.

Co~CtpcIrJ(scFpcI'MiIaU)~i .
( in Staadatd Cubic ....... pcI' bow) 699.

SIGn. SIIC (SCf) 24Ol56
in Slatdud (\.t", Meun ---

1'1ow lIMDI9COllrn'IDNXT CASH OUIIAY IN EGYPTIAN POUNDS (lllOOo)

BEST AVAILABLE DOCUMENT

'AnON DlSlGN VAUlKIS11MA'IU

I OOMPIlISSED NA11JRAL GAS ICIlro 81vl rloe TnICk C3S8 - Case SA (large~ In.UT COST AND BENEFIT E.\"TIMAn: MOIJEL otrrPurSHEET ~• _u_ __h. - _. _.- • ...., , .. - _.-_.-.- ••• ----.-.-••• COSTS I IVEIIICI.EFUEI.SAVINOSAEMISSIONBENEFITS



/14

so I so
so I SO
so I SO
so I SO

_Nct~V""oI

fuel Colli I Em.IoaI
AuloBi-Fud

Truct Oi·Fuel

New AUIo Oed.

VdlicJc Nam:

~~::J'~~ .~ :' ~. ~..".:/ .~: :.' ;: _.~
',.," ,' , .7 •. ',

t .__... 'c· . NcwTruct Oed.

OTAL GENU'ITS LESS COSTS

S 6 7 I 9 10 II 12
ISS 130 130 130 130 no 1:30 130
7.3 70 743 70 743 743 743 7.3
112 -612 -612 -612 .612 ·612 -612 -612

2173 2261 1649 1036 42-1 -III -101 ·1413

0.0

0.0
0.0

••9

149 I 297 I 446 I 594

16S7 I 2137 I 2:526 I 2761

1106 I 777 I IlS I 129

16S7 I 410 I 390 I 2lS

V.,.>>>> I I I 2 I 3 I 4

l"IEc.:T flViHf p\8Lt" DO"'UI, "j) v. nfr!.l~.. !- \J ".::.-.di

E81'BIATI or QIDISCOVHnD NErCASH OOTIAV IN EGVP"I1AN POUNDS (1000.

SrAnON DlllGN VAUlIf I81'1MATIS

Co~CIpIdIJ(SCPfe WIa.u 116
( In SIIDdud ClIb/cIbn fe bow) 316

~ICSiIlI(SCf) 336927
lin SIaDdudOZ~ !of......) 9541

I COMPRESSED NATURAL GAS fialro Bevu.ge Truck Cu•• C.se 58 (Large SIorIge) 'RUT COST AND BENUer ESTIMAU; MUI)£L OUfPUf SHEET I, .- _. _. - -- _... -- ---- - • -, IVEHICLE CAPITAL a OPERATIONS COSTS I IVEIIICI.E FUEL SAVINGS A EMISSION BENEfITS



)1£

Vdlicle ConYaiiOlllCi1i

Vehicle TI/lb

CDmpaaorQ);u
PowuCD&lI

MA inlcnance COllI

Slilion SloneC CoolI

DiJpcnKr COllI
MLlcCllllJCOlll CDIlI
IllSlIlLalion

VEHlCI£ COOTS

STATJON COSTS

MISC£LUNEOlJS ECONOMIC INPllrS
Day. ol AcclJSI&liDn Operation 312
Eullanle Rile 3.37
ITlmc Herimn (BOle rOJ =15 yr. alia 1 Cor 10 yr) 0

BEST AVAILABLE DOCUMENT

FlIlction Rccovcnblc FrDm

Sler.lc Varia: 0.40 ID 0.55

CD~CUorCoat Func\lOOl
SCfl,f~ Slope

IpaUnil Tcnn Icocrlicial

50 23120 9n

" 26961 637
100 31394 493

TATION DESIGN FACTORS
U QlJy (lulC. Sl«aae. Bollal. QbcrwiJc Set. 0 1
"1lII ol SI£n&C U Frw:tIa1 olASME Rakd Slm'IIC 0.39
frKticlp DCau Ilcocownblc ClOm SialiC 0.5
Ibn...i1&bIc b alDwlill >:>1 IS I For CuI iii!:>:»:> 7

IowmlnIC,CMlnulI.u>:»1 0.12 I I'Mtfillnte:>:» 17
OlqlI'CI lOr CIlIIIUIalcrIInla1:qllTam 31394
OlqlI'ClIOr CAl P.IldIoo Slope Cocfficiau 493
ocqwalOr CcIlFador,> 6 Bar cnu:r 0."5, 1iClc. 0.56

Cer~J,faDalance 1

VAWtJ: OJ' ."flSSIONS REDUCTIONS ~
1.-1 7100
t'1ItlcxI)10II01ldI (CO) 22
Nea Md:1IlIG Hychartlonl (NMHC) 205
Nmo-0ddaI (NOll) 750
Putk:uIa'eMaIl« (PN) 7100
SII1AIr O;U&:e (SOll) 7200

iMISCEUANEOlfi ECONOMIC INrtlTS
Real DiIo:CIllll RIle,~ 10
labor CIl, SI1lr U
trvDic:aIltIIDDIt Tuca ~ 20
iCOIl oll and Cor St.1ion (TDIIII) SO

I I ,V.... ro
-- Olawrt

I COMPIl£SSEDNAnJBALGAfJ¥ eev.,. 1ruck Cue· Cue 6A (Large Con!inuor) In.UT COST AND BENEFIT ESTIMATE MUUEI. INl'lJr SHEET :::J
L. K. Ie L K D A T A IN' U T • .

- u -- -,



J~~

OTAL 'ENEPITS LESS COST'

7 • 9 10 II 12
97 91 91 91 91 97

732 732 132 732 732 732
~3~ ~3~ .6JS ·6JS ~35 ~
W9 1624 9¥9 JS4 ·2.1 ·917

.!.
97
732
.635
2194

234
732

..L
966

3529

1791 I 615 I 521 I 361

PlKeIilJdm

1791 I 2413 I 2934 I 3295

146 I m I 439 I 516

TI\lCtNewD:d.

Coup-e.cttJ(SCIP«UilU.e~26
( 10 SlIIIdud 0iIiI: Yctaw per bow) nt

Skna' Size (SCI') 24923
ill S&aDdIrd Oilk MdCn) 706

DOfIlmlSCOON'nDMnCASHOUI1.AYINKGynIANI"ltlNIlS!lllOOo'
Year»» I ;--+ 2 , 3 I 4

19M 9GI 960 947

rl ....""T' ~\J'" ~·'LY' D- ··\·"'U'~"~r~·"\"I""}- .... j ~l l' I! (\ h~.. { ,! j\/I t ~~~v2 r1-~:\~~~H....:"!..r. .....::.,,; 1~ t!

'AnON lIUIGN \"ALtalS1'DoL'.T18



OTAL II ENEFITS LESS COSTS

7 1 9 10 II 12
113 133 113 113 113 133
732 732 732 732 732 732
om -'99 .m ·m -599 -m
2lS45 2046 1447 149 2.SO ·3041

!..
133
732
.S9J
34:43

732

311
3142

...L
1043

~2931"39~I.., 671 sn--.----:rn
IIU I 2516 I 3099 I 3533

.TK OW ilNIlI&:OIlHIUliftCASU 0Ui'I.AYIN IGYMIAN roUNDS 1I0llC11

Yar»», I I 2 I 3 I 41991 963 1023 Ion

PEST i\\i:'iI i\P.L'F DO"'uuE""T!oJ l rt 'I ;./ LrlU _ L; m n



;1,3

VElUCLE COSTS

.~

Kit I Tant. ILaborl

Comprasor Colla

PowerCoala
MAinlCIII/II;C CUIU
SlAlion Sloralc COllI
DiIpet,,,,," CoaIa

Milccllan..,... COIlA
llUUlblion

SfAllON COSTS

Vdlidc OlnWM'lioa~

VdlicleTanka

200 I 700 I 16

200 I 350 I Jl

300 I 1700 I 18

200 I 700 I 16

«<am c.mvcnion CDIII>

MISC£LUNEOllS ECONOMIC INPUl"S
o.YI 01 AcdlSlllion Openlian 312
Eadllllcc Kale 3.37
fnmcllonlDll (&:Ie [01 :13 yr, C11lerl (or 10yr) 0

BEST AVAILABLE DOCUMENT

frICtion Recoverable From
Slonlle Varica: 0.40 10 0.33

Co«1ltcuar Coat Functiona

SCFM Inlcrccpc Slope
per Unjl Term rocCfl"ial

SO 23120 977
73 2696. 637

100 3Jl9C 493

STATION DESIGN FACTORS
(QIJy Buller SlDnce. Boll -I. QhcnriIc Set _ 0 0
... 01 Sl<nae .. Fractioo o(ASME Kalcd Slenae 0.39

Frldicn 01 Gd Rccovcnble (rom Sttn.e 0.5
lioun IVii/lble (or 110_IiU >:>1 15 I Far Cut rtJl»» 7
SIo_IiU nit,CM/m,uu >>> I 0.12 I falIIiUnlc»> 17
o~", r COlI l'ImaiallnlCl'cq:lTam 31394
:~_ r COlI IUlc:tIoa Slope Coc!6eiall 493

r COlI fKlot.> 6 Bar aur 0.56. I trlcu 0.56
Hcunldav I~ M~ I

VALVE oJr &MISSIONS REDOCTIONS SIloaoa
!.ad 7100
~ a.t.nolllde (CO) 22
iNca Mdbooc Ifydrocaltlona (NMHC) 205
lNilnlCCll 0 IIdca (NOlI) 750
I'arllaIIaU Mauer (PM) 7100
~~Ica(SOa) 7200

MISCWANEOlIS ECONOMIC INPIJTS
Rc:aJDiIal...~~ 10
l.allo¥ C<lIl. SJhr S5
h'wicallrn 'Oft TIU:S .. 20
~OIloiLalld (orSlalion (Tolal) SO

~ COMPRESSED NA11JRAL GAS rc;o a.ve,. TnJCk Cue • Case 7A (lalge Compruaor) InEET COST AND P;::'llEFIT ESTIMATE MOD.:I.INI'ur SHEET ~
1:. I! • Ie L I .. T A I H , U T 8 •

V E II I C LED A T A I N P V T Sl
~.... - ••\10... "'.~ .:~. ::



/~1

OTAL BENEFITS LESS COSTS

7 I 'j la II Ii
82 12 82 12 12 12

490 490 490 490 490 490
-407 -407 -407 -407 -407 ...;IJ7
2329 1922 ISI4 1107 699 292

6
12

490

-407

2736

,

241

731
490

3144

17'27 I 619 I 70S I 7S4
91 I 196 I 294 I 392

1629 I 2122 I 2.5::3 I 2196

I I 2 13 I ..

1629 I 493 I 411 I 362

PlKeIlDIdIr

~

CaJqftllCll'~(SCJlparUiDulcE!0-
( InSIIadIr4 0ilIc Welt..par bow) ..37

S&anacSiu (Sa') 11499
ill SlADdIrd ClIbic Udal

:n01' lINDISCOCNTID NftCASH OUIIAYIN EGYI'TlAN POUNDS 11000.)

B~~Of !'i\!;' 11 A'Bl F. DOCU~{'~i\.rT...... & Ii 1 I'll." t ••", , . hi ta; 'l "

'Al1ON DlSlGN VALIlI1S11M.\1'I8



BC~T t,\n Ii it Ri f.' '{'lfV'Ul'\nrMTf-~a}:! ,r..~J,~\,,;~n~'-~ iJ ......iV Yj&"Ii'o

.ft0i70IDI!IC0llHftDNftCASH oun.AY IN KGYPnAN mUNDS (1000,

Y.U_'1'2'1~1'763 730 1S2 --r-ao.s
~ 1516 I 294 I 3921665 • '34 4'1 414

1665 I 2191 I 2656 I 3010

S

19S

~
1015
]]16

!.
JlO
490

·310
29516

LESS COSTS

1 • 9 10 II
110 JlO JIll JlO 110
490 490 490 490 490
·310 ·310 ·380 ·310 ·310
26IS 223S 1m 1474 1094

2.
110
490

·310
714

J7()



/71

5 I 6

5 I 3
5 I 3
5 I 6

Y£lnIOICyIIDlp
ConYUt HrIIYr

Ymicre ConYCDion Kila
Vehicle TllIu

Compraaor CoatI
PlJwcrColII

Maintenance COllI

Sution Slorl,e~

DiIpcnIa CollI
MiJ~llancolIICOlli
InwUalion

VEIDCLE COSTS

STATION COSTS

MISCEllANEOUS .:CONOMIC INPurs
Day. of FIeclISlIlion OJ>cnlion 272
Eldw1,cRa~ ].37
Tame Horizon (Bue [OJ =U yr•..,Ia I lor 10 yr) 0

BEST 1\UAI' .n BL't" hr\~1 '.".r;~:'i·.1'·ny, btA b~I\J\Ali'i~~;~~

Fraction R.cco,cnblc: From
Storl,e Ymca: 0.40 10 0."

Co~euareo. l'IInctiOlll
SCFM~ Slope

IpaUnii Tam Icocmci..,
50 23120 9n

" 2696. 637
100 31394 493

TATION DRSIGN FACTORS
I QIly Bul rer SlDn,e, 80...I. CkIxnrriac Sd • 0
ClII ofS1A...e .. Fnclian ofASME Rated SIon,e 039

fTlICliaa of au ~venble1/'OIlI SIonle 0.5
Houa ___ilable b ala. lill :>;.1 IS I fqr.. fiIb:>>:> 7
Iowflllne,CWminuIc:>>>1 0.12 I nalfillnlc>>> 17
:~IIIO' CClII FIItdialInl=clllTam 31394
:cq.1IIO' Call RIletlon SIOIlC Cc:llicicnl 493

CoIl Faaor.:> 6 Bv CZIICr 0.$6. I ifl_ 0.56
lar MainIaIanl:e I

MI8CDL\NEOlS ECONOMIC 1N-uTS
Real DiIcol"IlaIe." 10
Labar Ca:t. SJk SS

.xtTua'lo 20
011 ofl.al>l r(or Sial/on (T01A1) SO

VALlIE III' DlISSIONS Il£DUCTIONS SJlonnc
Lad 7100
,...~lOlldc(CO) 22
Hili WIlJlallC HyItoc.wtJa1l (NMHCI 205
NlltoItD O.ddca (N0a) 7JO

Mall«(fM) 7100
Su1AIr 0aWe. (SOa) 7200

t COMPIlISSED NATlJIlAL GAS @o Ind TNdl StolVQ Sa/Ion· Case SA (lArge CilmIliUiOII D.EET COST AND BENEFrr EST.MA1'£ Moan:•• INI'UT SHEET ~
L. K • Ie L. D" T" IN' U T • .

V E H I C L £ U A T A I N P V T s". ~. . _ .'i'" '. _'.. . l - ~ .;:. .. '". • • ". '.of; • • .. .'. :..-' '. ,I • .... •



17~

u._......I I

~:',_. .'.... :.~,~

Co~CIpdIy (SCPperMllaU'~.__
( In S&mdud all*: Mcl.cn per bow) m

~cSizc(SCf) 1102
ill SI&Ddud 0lbU: Mdaa

DTAL BENEFITS U;SS COSTS,TlCWIlml9COlltftlD NftcAsH 0Uft.AYIN KGYPI1AN PQUNIlS 11000.)
y~~ i I 2 ] 4 5 6 7 1 9 10 II 121449 COS 449 427 431 54 54 54 S- St 54 5456 III 167 223 219 219 219 219 21!J 219 219 %191m 294 212 204 159 ·224 ·224 ·224 ·2~ ·224 ·224 .2U1m 1617 19159 2173 2332 2101 1114 1659 143S 1210 916 762

'AftON DlJlCN VA.... lSTIM.\ftI

VIIlIdt

110.

BEST AVAILABLE DOCUMENT

....

YIIlIdt

YaWcS.

YIIIIc»

V~

VaWcS.
VIIlIdt

'a.I



/7.3

, •• ~ ••,:". .' .r"' • ;:. • ', .• - •

...~~Sublolal

OTAL BENEFITS LESS COST'

:s 6 7 • 9 1\1 11 12
463 66 66 66 66 66 66 66
279 279 279 279 21') 279 279 m
114 .213 -213 ·213 -211 -213 .213 -213

2434 2221 2009 1196 IS" 1371 IU9 !M6

1465 I 423 I 469 I 450

1 12 I] I 4

1409 I ]12 I 302 I 227
1409 I J721 I 202l I 2:00

• :16 I III I 167 I 223

"-80..
~

Co~~(SCPpeI'NIDIIc~~
( in SlIadonI 0lIlk WoIaa pel' bow) 106

SIlnac Sa (SCI') 113422
III SIIII4ud OIIoic Wdal - - . -

BEST AVPdlABLE DOCUMENT

'ATION IlaIGN VUWIS1'IMA1'II

IBIDIATI:or IlNDISCCUHIID NITCASH ouruY IN EGYPTIAN POUNDS 11000.)



/71

VdlicleTanb

MISCELIANJ(OIlS t:CONOM1CINPUI'S
Dey. of AcctJSwion Opcnllon 272
Exchanfe IWc 3.37
rrimc Horizon rBASe [oJ =15 yr, mlcr 1 CerlO yr) 0

BEST AVAILABLE DOCUMENT

Fr..:tial Recoverable From
Slo"fe Vuica: 0.40 10 0.55

CO/11lrCU.,.. COGl fwlctiona

SCfld InlcrcqlI Slope
pel' Unil TQm ocrru:i<n

50 23.20 9n
75 2696. 637

100 31394 493

LANEOllS ECONOMIC INPUTS
Old Ra1e,~ 10
~.SJm

"I1DOItTa_ ... 20
LIld Cor Station (Tolal) SO

TATION DaSIGN FACTORS
rQIJy Bufl'cw SIonIC. Bol -I. 0Iberwiae Set - 0 1
_ 0(Sialic II Frw:tJoo ofA5MB Raud Slaale 0.39
iacllan ·,Cau Reco-.ble Crom Stcnle 0.5
lauIIav .iJabic b &10. fill >:>1 IS I Far C&al fill»» 7
low rut rate, a.IIla!1U1c >>> I 0.12 I fait rut raIc»> 17
Oqra Ia COIlIUlclion fnlcrtqJt Tam 31394
Cq:nala COIl F\mdloa Slope Cooo-flicialt 493
Oqra.aor COIl faaDt. > 6 Bat CIlI.cr o.ss. 1 IIS- o.ss
launldaf C~Co_MaidCllallCC I

VALUt: OFIlMISSIONS REDUCTIONS "'-
l.cId 7100
CIrtlaD t.1~olldf (CO) 22
Nelli MdII1ll1l Hrdroarbcm (H)AHC) 205
~itroaco Odella (N(n) 7'0
Partku1aJe Mall« (PM) 7100
ultw OJidcI (SOl) 7200

Ahinlcn.ancc COII&

Slaliun Slufaae COII&
DiJpcnKf Cow
Miacclbnmlll Cow
Inslallolion

I 'e.,

III,
oiL

~ COMPU:SSED NAnJIlAL GAS ,,*0 and Truck ~4Mce Salion - Cue llA (l.arge ClX1lPF3 REET rosTAND BENEFIT ESTIMA'IE MODEL INPUTSHEET IL••• Ie L II D'" T'" IN. U T • .
.. - eo - - - - - -- - •• -,



/1S

OTAL IINIFITS LESS COSTS

S 6 7 1 9 10 II 12
269 ~2 S2 52 52 52 52 52
221 :In m 212 212 m m m
46 -170 -170 -170 ·170 ·170 .170 ·1701659 1419 1319 1149 979 109 639 469

~ 19 I 133~1m 141 147-.-----.0
1m I 1316 I .S33 I 1613

....HoIdIr
~

Ol....~(Salprd.lr:lM~ .- =t
( III SUDdud Cltt;MIlaa pew bDq 114

S&Inco S.. (Sal:
ill SIIIIdIId 0Jt,1c ...".

,'1'101'QIIlI8COIMID N&'I' CA8B ouruYIN ICYPrIAN I'OVNDS 1l00Cll'

BEST AVAILABLE DOCUMENT

Y_»c* I ~ 2 I :I~
1m 237 211~I

'A11ON IlI:aGN VAUIa I81"IIUftI



'AnON IlaIGN VAUJaES1'lM41U

Co~c.p.dIy(SCFper"iIUc~_
( in StICllIId Olblc Nd<n per bour) 13

Sllnlc Sa (SCf) 11496
in SI&Ddard Cubw: W..... -

BEST AVAiLABLE DOCUMENT
a1'IMA.TlCW Qml9COUN'ttD NET CASH ounAY IN EGYf'llAN roUNDS (10000)

Y...»» I 1 I 2 I 3 I 4
1294 I m I 296 I 276
44 I 19 I m I 111

IZA9 I 162 I 163 I 91
1:149 I 1412 I lS'U I 1673

I

ISyrNPV

SAVINGS
SO

S402.942
Pl::rCClll I l'yrNPV

com
(S21,122)
($3,342)
(iiiii)
(S37,613)

~
~
~
(S5O,()3I)

iiiii3ii")
"i7O,6ii""

OTAL BENEFITS LESS COSTS

5 6 7 I 'J 10 II 12
211 62 62 62 6'1 62 62 62
222 m 222 222 2" 222 m 222
66 .161 ·161 .161 -It.! .161 ·161 ·1611739 1.571 1417 1256 10'J6 935 174 613

/1~



/77

3

3
6

Yan 101Cyllllap
Convc:rl HnlYr

VdlicJc ConY'Cnioo KitI
VdlicleTanb

Compreuor COllI
PuwerColI.i
)'lainteno""e Coou

SlIliun Slurlle Coou

DiJpcnurCOIlI
Miacc:J1111CU.. ColI.i
1!l>Ullloliun

VEJDCLEC05TS

lIoTAnONCOSTS

MISC£LI.ANWIlS [('ONOMle INPutS
Day. of ACCIISlIIion Opcnlion 312
Eadlanae Kale 337

hime Horizon (DiUe 101:1S yr, alter I for 10 yr) 0

BEst AVAiLABLE DOCUMENT

FncIioo Recovcnblc From
SlUr"le Varia: 0.40 10 O.SS

Co~euor ColI Functiool
SCFM Inu:rcq>c Slope

I perUnil Term oeCf",ia,

.50 23120 917
1.5 2696. 6)1

100 31394 493

YATION DESIGN FACTORS
rQIly l.ulCm SlDrale, Boll : I, Wxnri.Ic Sel • 0 I
OIl of SlallIc u frKtioo 01ASME Ralcd SIlll'IIO 0.39
rac:da1 >l au Recoverable ClOm Slanle 0.5
loon...iUble fa 110. fiU >~ IS I Fa IaIlliU»» 7
low ftll rate, OIIminUlc»> I 0.12 I I'MlliIJfII.e»> 17
'cxq:n:a fa COIIIUIaiat Inll:fc:cpt Tam 31394
0qIra fa COlI fUlction Slope CoeCflcicnl 493
Glqnafae- Factor,,, 6 Bar_ O.~, III_ G.36

Hcunldat r.. MaimnaDce I

VALllJ: OJ' EMISSIONS REDUCTIONS SIloma
l.-I 7100
Ic-t- .1<maIldG (CO) 22
iNCIII MelIWIO Hyckocarbona (NMHC) 20S
~Iao&a> 0llId0a (NOll) 150
lartleu1aJo MaI!a' (I'M) 7100
~OUdea(SOa) 'J2OO

MISC£lJANEOllS ECONOMIC INPUTS 1
RllIl1 Diko... Rau. .. 10
LabarCoat,Sb IS
TypicalJ,l\IlCCtTile. .. 20
rQII oIl.UId foc SLiliun (TulAl) SO

A~~RId I 0

TndlJ.RId I 0
New AIIID DId. I 0

ta:.... IvdUdeN.M IV:~10

I' -'S' .NCl91'NetDadI 0• i

r' COMFiiE8SED NA11JIlAL GAS F Beveqge rrucll CaM SA1 (011·Pall Eledric;jy) ,nEET COST AND BENEFrr [SUM"TE MOIlEI. INPur SHEET ~
L. K .. Ie L K D A T A I PC PDT. .

V E II I C LED A T A I N r ~ T s"". ,,····t·· . .l'r~ t ..~. < ~..- "." ": .' • • ',f"' • ~ ,~. , :.. •



'A1ION DalGN VAUSDTIMATU

C.__ (SCI'''"_~ .-:3
( ID SIIadInS 0lIllc Ndcn ptI' bour) 719

SlaD,e Size (SCI') 2.5403
ill SWldud 0Il>1c Mdal° -

Vlllkli
VIIIicII
VIIIicW

DMIII

VIIIkII
VIIlIde
YIIIIclf
VtIlkla

or.trr )\ \i:' Ii ,i. >'; l: f) (~I"'.U·! \\ IH"NTI.J~.<J l r\·, j" J.. ' \.):... ~~ V 1'-.1. I'll!:.

'nMIMlISCOVNTID NIT CASH 0I1ITAYIN IGYPrIAN POUNDS (10001)
I I 2 13 I 4

175S I 723 I 771 I 7SS
149 I 297 I 445 I S94

IfoQS I 426 I 326 I 161
16Ol5 I 2032 I nn I m.

,
770
743

2.
2S46

6

10
743

~3

lin

OTAL 8ENEFITS LESS COSTS

7 • 9 10 11 12
10 10 gil 10 10 10

743 743 74J 743 743 '143
~3 ~3 ·663 ·663 ~3 -663
1220 '51 ·105 ·767 ·1430 ·2093

/7i



!

/79

CoIllpfMOr CoIU
PowerCoala
lobiolenancc CWa

Slalion Slewaac CoIU
DiapenIer Cocla
MilcclllnClCIl8 Coala
11lIIa'101i0ll

SfATION ca;rs

MISCELlANEOUS ECONOMIC INfUl'S
Dlya or AcellSlalion Openlion 312
Eacban&c Rale 3.37
lTime Horizon (Due 101 =1.5 yr.cnla I few 10yr) 0

~P'\"1l'JAV"iLABlr> Of\,..·n');"i\iT.... ~.,~, l.:l :too u"lij-;'1-I\lwL.•.J:l .• lal Ii::> YV\"';'~\',<>'1

Fraction Ra:ovcnblc From
SleralC Varia: OAO 10 0_.5.5

COll1¥cuew Colt PllncliOOl
SCfM IDl=cp Slope

per Vllil Tmm Icoemcicn
.50 23320 977
7.5 2696. _6£.....
100 31l901 ~~3

~~

STATION DESIGN I'ACTORS
IIOIly BlIlI'm SlDnIe. Bolt ..I. QhrrwiIc SeC. 0 I
ILlof Slcn,IC U Frxtim orASME Rated SIaraIC 0.39

fndloa (fau Rc.:onnlllc from SIaraIC o.s
Icun an ilAbic b 110. fiU >:>1 u I IV fall 1111>>>:> 7
Iowfilllm,OUminw:»>' 0.12 I ....cftU_» 17
\lqnuew Celt Rmdicn Iala'cqJI Tam 313!W
Oiqnuew Celt IUI<liaI SIqlc CoclIieiall ..93
Oqraaew CGIl Faaor. > 6 Bar CZl&Cr 0-'6. 111_ CU6

b MailuaaDcc I

VAUlI: 01' IIMISSIONS REDUCTIONS ~

t-i 7100
icartloa 1of000llda (CO) n
NCIlWedlmtHy~ (NMHC> 20S
Nl/ropIlbldcll (NOI) 750

t.IaIla (J'W) 1100
Su1b' (h,dta (SOl) 7200

MISCILUNEOlIS ECONOMIC INftlTS
...DIIo>WJl1lltc, .. 10
~CooI,MIr SS
~InIDOltTaua $ 20
~ or .... lllI for SlaliOll (folll) SO

I COMPIlaSED NA11JJlAL GAS EE BlvtRIgI T:ud& CUI 5A2 (CIos8 10 PIplIilI) ~ nUT COSTAND BENEFIT ESTIMATE MOIlEl INPUT SHEET ~
L· •• leLa DATA INPUT. •

,



1b!!!!t.~ft~~....m."t:Dm:TrAiii~YiNiGYI'TIANroVNIl'i(louo.
OTAL .E~ZFITS LEss COSTS

'-. r\ --, '; I:: " ."' ~ '1
~)J~_J;') !'~' ~ i~l't

; ; )$)""C"of }j"i1 j,
\l ,"'- "'.~ JJ. ~ ;., : fI!::~~". ~ .. l' ' .,._

....'AnON DalGN VAUlZIlStIMA'RS =l
I Co~CapIClry(SCl'per"iIaI& 423

( Iu S&Iadud Otic Ud<n per bow) 719
SUnac Siu (SCf) 2S403-.

in St:....dud o.bidfdal) 719 ::::::J



/t/

3
(j

3

Years 101 CyJ IDap
Convat P.nIY~

Vehiclc Tanka

Comprcaaor Cotll
PowerCo.1I

MainlcnllICC C-.

SLllion S10I_3e Colla
DiIpcuKt CUIU
MilcclLuJlXllM Cow

IlIIlIllation

IMPORT CmTSIIARES

STATION COSTS

COST ITEM

MISCELLANEOUS ECONOMIC IN.11I'S
Day. or FIcclISlllion ()pcnlion 312
EKchan&e Rarc 3.37
rtimeHoow.n IBue [01 =U)T. CIlI~ 1 (oc IOn) 0

R~~~'f fiV' ~ H fl I:\1 }~5J~"",3 n.hHd"!'='L~~

4 ..,J> _"t-_ •

Fnaiat Ra:4vcnblc From
Slorale Vuica: 0.40 10 0."

COJqlrcuor CoG Function.

SCFM Inlaccpt Slope
perllnil Term ocrticial

'0 23120 9n
7S 26961 637
100 31394 493

TATlON DESICN FACTORS
ifQI)y BufCer SrDnle, BoK 001, Qbawiae Set .. 0 I
~ 01 5',,",0 U FrIlctian oC A5ME Riled SloPle G.39
Fradion ..( GMll.ccovenbJe (rom SloPle 0.'
Houn _Ybilablc Cor a10. fill >:>1 " I Fa Cua fill»» 7
Slow fillillte. 0iImin1U >>> I 0.12 I FutIlUrU>>> 17
~oqra. .. COlI fllnc:l.ion lnlcrcq:C Term 31394
~.. COlI FUnction Slopc CoefflCienl 493
ocqna•." COlI Facl«, > 6 au _ 0-'6. II! leu CU6
iclunIday Cor M&idaIaou I

YAWl DrllMlSSlONS REDUCTIONS SIlomo
lAI4 7100
CIItloD "'.ooosIde (CO) 22
Kma WdJ.- Hydrogrbgna (NMHC) 2()j

iNllrotat ,"hIdca (NOs) 7SO
PartIl:uIat: MaIW (I'M) 7100
IsuJb (bides (SOl) 7200

MISCELlANEOUS ECONOMIC INPUJ'S
Real DlIo,lftllatc,~ 10
Labc¥ Colt, SJm

"rtwicallJ1lDOrt Tn.... 20k:oIt or und (or SI..tion (fuLlI) SO

~ COMl'IWED NA11JRAL GAS 1#s.v.nage Cue SoU (SO Trucks Use Pelrobel Slalion) iFLEET COSTAND BENEFIT ESTIMATE MOIlEL 1~l'urSUa,. ~
L•••• C L. D A T A • N P tJ T • • v E " I C LED A T A • N P II T s·• ~ ~--.-- J .: ~_ :-·7.t~. fo - ~--''':~ _.-~ .~-~"~--,:'-':-J.'::' '.:- .~_,_.._. - .-~ ..' ", '... :: .:'-. .... . -;. . -........-o~'. ".: .. ··r .. ·' ',JI L h IV:ID



/i~

so

so
so
so

so

so

lS4.2I1)

(S3,649)

($33,359)

S379.0S9

l'rrNPV
cosrs

(SIOU41)

I'JtHPV
SAVINGS

Pcrccnl

OTAL BENEFITS LESS COSTS

,
6 7 • 9 10 II 12

134 211 211 211 211 2~_ 24 24
1'6 116 116 116 186 ISfi I~ 116.'2 -162 -162 ·162 -162 -lti2 -162 -162
66 ·96 -2S7 -419 ·Sdl ·743 -90S -1066

1 I 2 3 4
lIS I 120 III 129
37 I 74 III 149
7. i 46 13 ·19
7. I 1211 137 III

'"---,.~ .- j( iD SlaadInI QIblc I6IIaa pelf bow 110
S&cn&- Size 6351

iD SWldanI OIbic MCfaI'

onorUNDISCOlJN1'D)Nn'CASH ('AlILAY IN ICYPl'IAN POUNDS (IOOCII)

BEST AIJ(:j; J\btF JOGU1ViEf\n'

'AnON ......N VA.... IS11MA'nlI



//$

MISCELLANEOUS ~CONOMIC INPurs
DaYI 01 Flcc\ISucion OpcnIlOll 272
Eadlanlc Rare 3.37

lTullc lIorium (Due: 101 =IS yr. enla I C.. 10 yr) 0

BeST nUAJLABLf: -OfW, i)\!1P\\~"t- A ftv;. ~ ~ ~ V ~).? '\O;j.:

FrN:liol1 Rocovcnlllc From
SlQrUc Varia: 0.40 10 O..5S

Co~CUQI'coa FuncliOllJ
SCFM~ Slope

IpcrUnil Tam roctrlcial
SO 23120 9n
7' 26961 637
100 3139o! 493

ANEOU!i ECONOMIC INrtrrS
_Rr-,,:J 10
.sn. U
rortTaua 'II 20
III CorSIalic.. (fotal) SO

t ~AWC OF EMISSIONS REDllCTtONS S/klma

~.- 1100
CIdIaD Jot lIIolidc (CO) 22
Nma~1DC",~ ..(NMHC) 105
nil!olm (>aidca IN(n) 750
PulialIaIc~ (fl;) 1100
~~Joa(SOa) 'noc,

STATION DESIGN FACTORS
10bIy B,JTCI' Slon.e. Dua .. I. ObcntiIcSd.O I

Call of 5~~lIeu FndiOll 01A5ME Rated 51lln.e 039
FnalOII oC~ IlccownbIc lrom S!onle o.s
~....,!ablc ra &low nu >::>2 I' I Far 1ul1iU>>>:> 7
~;"1e.0IImin,"»> ~ 0.12 I FMlftUnIc>>> 17
,t:.D~~ COIl f\mdion InItrceptTCI'm 31394
I§''::~':::; COIl f\mdion 5k>pecoerrlCifl'.1 493
:<c.;.~-, ...'~ FaclDr.> 6 Bu CIlICI' Q.j6. Ilia- ().S6

~'''9lmp::uac'M~ _ I

I

.~

, COMPRESSEDNA~~oe Uld TRIdli"U:Inp Bus GII'..ge &.tim. Cue SAl IRD:I' COST AriD BENEFIT ESTIMATE MODIo:L INPUT SHEET ~
L III ; eLI D AT.\ 1 N • U;, • •

V E H I C L EPA T A I N P V T Slc:. 0 I ••:' ....1: _....... . ~ ',1.-'" • "".:: ~ •• I> :. •• "~"" ,'" : • .t ....: '_'.'. ~--f':ot..., I. '., ~ _ .'_'. .... . . .. ". ." .:. 4<



/14

OTAL DENEFITS LESS COSTS

10

~:;.... ' •..,...~
• _. - 0.··". . ... :_ :.

149 I 297 I 446 I S9S I 743 I 743 I 743 I 7-43 I 143 I 743 I 743 I 743~ 694 I ~ 494 -410 ~79S 1419 2013 2m
1329 99

!l43 I 992 I lOCO I 1081 I 1136 I 333 I 33J I 333 I m I 333 I 333 I 333

eo.-CapdlJ(SCI'pcdllmU, -- --I
( ID S&Iadud0ilIl: Ycltm per !:low) - . -

SlGnle Siu (SCf)j _. ".--I
ID SlaDdud C\.Iblc: Mda'I"

.ft cw IlNDISCOUNftDNftCASH 0U1'IAYIN EGYI7lAN roUNDS (iOllGll

BEST AV~\!LA8LE DOCUMENT

v...>>>>! I I 2 I 3 I 4 I , I 6 I 7 I • I 9 I 10 I II i 12

Slow

....

'ATION l:.;.~N VA.... IS11MATa

t.I~

C OOMPRESSED M111JlAL GAS IA'*- and Trucb Using Bus ~..Iga Slallon -e- eAl I fLEET COST AND BENEFIT ESTII\IA1'1':~DEL OurPUf SHEET IiCaliON arnALaANNUAI. Oi'IIIA"tlOHI COSTI ~~. _._ .• - ----. ---.. - -----. •.. _ -- .. _ .. _ _- - _ •• u __ u __ • __



lib

Vdlicl"Tanb

ComprcilOf Colla
P....erCOlll

M.wcnan<:t Coo"
SUlion S1oe"e C.,...
Dilpcnw (".DIU

Mia<:tllanco..C.1lI

IIlIl.llLalion

STAnoN COSTS

MISCELLANEOUS [('ONOMIC IN'ms
Day. 01 AcetJSlalion Opcnlion 272
Eadlanle Ra!C 3,]7
tr"IIDCHorlmn (8..." 101 =15)T. ml~ I f~ 10yr) 0

BEST AVAILABLE DOCUMENT

Fnclial Rccov<nblc from
Slanle Vuica: 0.40 to O.sS

COlJ1lraa... COil Function.
SCFM~ Slope

per Unit Term k:ocflidm
so 23120 9n
75 2696. 637
100 31394 491

~NEOUS ECONOMIC INrutS
ntRal.c.~ 10
SJk SS
atT.u:s ~ 20
flo, Sla1illll (Tolal) SO

STATION DESIGN WACTORS
10llJy Buffer Slanae. Box _I. Qhenriac Set. 0 I
011 01SlOI.ae u FnctiQII ofASME Rated S!:~I. 0.39

fraajjm of au Rc=Ya'lble from Slonle o..s
Houn ....ihble f... a10w nil >:1 IS "~'::'''!!.611»» 7
Slow rill nle.OdIminUle»>I 0.12 I f~<:-J1n1c>>> 17
C~alOl Clitl f\maion Inlaccpl Tam 31394

CllIIlulC£.a Slope eocfficiall 493
'_....,. c.. Faaot. > 6 Bar _ G.56. I if_ G.56,.. MainlCIIlIlU I

VAWK OF EMISSIONS REDUCTIONS ~

LeId 7800
CIrtIoa NOlloqlo (CO) 22
NOlI WIdiaJ.. Hrli'ocarbonl (NMIIC) 20S
IIIrotca fr.ddaa (N(b) 7$0

/.baa(Ftd) 1100
ullW OIJdc:a (!OIl 7200

1
_'

_Dileo<

..01:

I COMPRDSED NATVIlAL GASWaa and Trudel. l,sing Bus Garage Slalion • Case QAt In.EET COST AND BENEFIT ES'llMATE Ml~~. INl'ur SHfo:Jo."T I
L I • Ie LID A T A IN. U T 8

V E H I C L I: U A T A IN PUT s"• I ' • .' : .:. f-'·· .~.- .:. ,- . . :' _". . . ~: . . .. .; .• ". . '. ~ 'lI."'_



/g~

so

so

so

so

so

(S1,913)

(S1.no)

(SSI,l)j2

(S1J3,436)

(S3SO,269)

IS"NPV
SAVINGS

IS"NPV
COSTS

SI.l174JI2

so

30
30

50

100

100

100

100

Pacall

OTAL BENEFITS LESS COSTS

, 6 7 • 9 10 II 12
134 32. 321 321 32. 328 32. 32.'93 m .593 .593 59l .593 .593 .593
141 -26.5 -265 -265 ·2"~ ·265 -265 .265

1411 11'2 116 621 356 ~I -174 ....39

4215 I 35.5 I 213 I 212

119 I 237 I 3S6 I 47.5

4215 I 11' I 1064 I 1276

,.., I 592 I 619 I 681

BC'{\T ,"IVAI" ABLE DOCUM-r ,-,'I.,..). n,. I L;'"\ . I:.\i ;

V.u»> I I I 2 I 3 I 4

at'IMA'n01' IJNDISCO(Jlft'I NET CASH ouruY IN EGYPflAN POUNDS (10000)



so

so

so

so

so

SSl.ll'2

(S1,612)
(SI2.737)

IS"NPV
COSTS

(SJ»,436l

IS"NPV
SAVIHOS

SI.529,;63

30
30

so
so
100

100

100

100

Paced
I

OTAL BENEFITS LESS COSTS

7 I ~ 10 II 12
376 376 376 376 376 n6..... ..... IoU 144 144 144
~I -461 ·46' ~ -461 -468
3~ ·141 .610 ·107. ·1546 ·2014

6

793

376
144
~I21

S

172
144

1261

1 I 2 I 3 I 4

476 I 140 I 1092 I 1232

64S I 702 I 751 I liS

476 I ]64 I ~2 I 140

169 I 331 I SOlS I 675

'nOl'IMIIlJCO(JNftDNCI'~HOUI1AY IN IGYPI1AN POUNDS UOOGa'

BEST ,AVA!LABLE DOCUMENT

\iiiilor. DalGN VA.... II1'DUTill
eo.-CIpdIJ (Sa'pa' Nlma 424

(IDS&IDdIrd~"""pew !law 720
SlI:n&c Size (SCf) 15427

(ill SlIDdInt 0II,1e Mdall 720



10.0$

10.20

Ii!

MISCELlANEOUS ECONOMIC INPlTI'S
Day. 01 ACldISUlian Opmtioo 272
E:lChan.c RAre 3.37
tnmc Horimn (Basc 10J =u yr, mlcr I for 10 yr) 0

BEST AVAILABLE DOCUMENT

FrICliIl1 kovcrablc From
Slo....c Varica; 0.40 10 0""

Call1XCIIIllr CoIl """'lioN
SCFM InIaccp Slope
~Unil Tam roctrlcim

'0 23120 971

" 26961 637
100 31394 493

TATION DESIGN rACTORS
fOlly IlutTer Sloraac. 80& =1.~Sec. 0 I
_ 01 SlORI.C U Fnctloca 01 ASidE Rated SlaraIC 0.39
ndIan af au Itwlva&blc from Stlnlc 0.$

Hcun luil.bIc ra 110. fiU >". I' I For fait fill»» 7
10. fm rate. CMlminIU >>:> I 0.12 I Faat liD nIc>:>:> 17
~al<ll' Cat fImcIion InlGtqlI Term 31394
~18"" Cal fImc2Ioo SIOIlC CocfIicient 493
~18"" COlI fICUlf. >6 Bar cmcr 0-'6. IlIkII M6

for MaimaIaDc# 1

VALVE or IMISSIONS RlDVCTIONS ~
Lad 1100
e.t.aI1IClllOSlde (CO) 22
NcaWdh.DDHy~ (NMHC) 20$
NItroIGl Ollds (NOI) 7SO
PIrllc:uIaI C MaIUl (I'M) 7100
SlI1tIIr O:JdcI (SOl) 7200

iMlSCElUNEOOlICONOMIC INrurB
law Dlaood blc... 10
Ullcr Celt. sn. SS
tr>mlcat Lnport TUl8, 'to 20
1C000oi LUld forSUlia1(folAl) so



J COMPRiSSEDNATURALGAS teTA Bu. GatIQ8 . el.1 lA w 33% Dttdine in Diesel Price IFLEET COST AND BENEFIT ESTIMATE MOnEL 1l'\I'UTSffEET I

li9

MISCD.I.AN[OlJS ECONOMIC INPUTS

01,. at F1cd/SI&Ila1 0Ilcn1la1 36S
IEubanac RllO 3.37
WIIllC llorizal (BISC (0) -IS)Of. CIIICl" 1 for 10 yr) 0

V E II I C L £ D A of A I N PUT S

BE~TAV'Alll\Bl f'" Dor'J-' Jii~';·'~\J •• Ii t\ L.t -'\.1; ltd !:.t~1 J

fTlaica IlocovcnbIc Fran

Stan•• VorieI: 0.40 10 o.SS

Coal FllnClicna
saM !1nicn:qlI SIcpo

IpcrUllil Term CodrlCien
~ DUO m
7S 26961 637

100 31394 493

VAUIIur IMISSIONS REDtJCnONS ~
lMd sao
~t:as ""'naald. (CO) 22!NcaWolha.... (NMHC) 22S
lNbr-Od<* (NOI) !60

.....lIIr(PM) 650
~uUbr OaIlltlO (SOil 5210

ANEOVS ECONOMIC INPUTS
IlaIIDllcallllll!ll, • 10
iLaIa Con, "'- IS

G'lTaa•• 210
CGIl at1.lnJ r.,.. SlI1ka (TUlI1) SO

~TATION DiSIGN rACTORS
It0lIl, Bulfll'Slanae. Boa -I. QhcrwiJoSa.0 I
lea. atSlaI.O.1baian atASME Rlt.=d Slllr.... 0.39
Fracdaa ato. RClCOlIlI'aIW Cram SI<a-.... Cl..5
Ibn lYaiJlbI.o far aIow filI:>:>I IS I Far l&dUI>>>> 7
Slow llIl fUl.~:>>>I 0.12 I FilII ftlI fIIC>>:> 17

Ccol AD:tkr.1ma1;qlc Tam 31394
Ccol fbaalaa SlaPe Cod!\cicnI 493etaPaaa. :> 6Bar _ Cl..56, I it_ Cl..56

~y""" Mair&cllll\Cll 1

DMIII~::!~
~ee..~
Tr':) D6IIII frb, 8cflnTI - - --

VEHICLE DATA INPUTS

I L_ I
V=IO



t COMPaESSED NATURAL GAS 'CIA Bu, Gar".· Ca. 1A w 33% Dedinel" Dietel Price 'n.EETCOST AND DENEIo"IT ESTiMATE'~lOD(O;L()UTPUTSHEET I

/9IJ

2

0.0

0:0
~.!.
12.7

BC'("\T ''''/i: '/ i..\Slf:' Dtir.U'P1ENTld), t1,," L ~ \ i .. "", \" ;J IVl ".

i51'A'l1ON DISJGN VALIJIIS'IIMA'IIS
c ,_~(SCF..BUuIIC 227Z

(ill SIudn0ltIk: Mr:unpm bau 3160
~..Slzo (SCF) 131469

(lJI SWIdard QIblc Ueunl 3711



....

I COMPaESSED NA'I'1JIlAL GAS 1fT" Bu. G:=r . Cue '" w 56"4 NalUral Gal Pric. Incr.' nEET COST AND BENEFIT ESTIMATE M()()EI.INI'lJT SHEET I

/9/

~ISCELLANEOIJSECONOMIC INPUTS
IDe,. 01~Ilcln ()pcnlica l65
Bzdwl&o R&I& 3.37rn-Ibizal (8ue (Ol-IS yr,CIlICr 1 fm- 10yr) 0

BEI'IT AVA1LARLr:' nfli'll p li;-~·i""\.) l , !J l: v~AJ lvl r..!\; 1

CaA f\mcIiOlll
sa:M I~ ~

IIl«Uait Term CGdrICla>
'0 13'~ m
7S 26961 637

100 31394 493

I~R~~I
SIena' VIrias: 0.40 10G."

VAUlI OI'IMBSIONS REDVCnONS Maaa-... SOl>
....WaDe.1de /'COl 22a. ....... H (NMHC) 22:S__0IidII (N~)

S60
Mill« (I'M) eo

IsuJa.0lIdII (SOd S20

ISTATION DRSIGN FACTORS
II0aI, Buffer~Boa -I. 0l!I«wiHSel- 0 I
icClIl 01SI.an 10 • R'ICIlaa d ASMB IaIed Sla.., 0.39
FnaIaa010. a-cIblot flam Slcnao CU
lbn flllmIIaI.tar IIaw M >:>1 IS I Far fulflU»>, 7
SkJw fill nIe. CMhlIbua :»> I 0.11 I Flal MOlD>' 17

(:0.FuDI:liaa~Term 3UN
rAIl~ Slap! £acmclaa 493
(:0. Fecsar. >6 Dar _ Q.S6, IlfI_ 0J6

lbr MaidauIoce I

A.">4EOlJS ICONOMJC INPUTS
...Dieclus: ...... 10
iLabar Cca. S4lr IS

1T-.~ 20
Icaa 0I1Aad rm- 9IatkII craa1) SO



/9~

NPY

(S6.54,1SO)

(11,590,713)

. . ..'".
~~'.. ".: ;.

., _. '. .. . . , ~
". .

,,~~

LIlT OWNER Pf:RSPKCTIVK

2

,...

BC~T J\\ii·!i h':'; r,' Dnr;i'UHwMT'.-v ~ r~ r; f-~; ~ ,.r~ tH"<J~,-;: ,I ~_-I JY JVJ CaPd ~

JIIIl'..
S1'411ON DaIGH VAUlK 1S11IlU'ID

C 5 - e:.:-=r (3CPpcrUiallIo 2272
(lIalblldlrd CDbIc ...... par bcut 3160

.....SIzl(SO'l 131469
(IllSIadad 0IIIk 101....) 3m

~ COMPRESSED NA11JJlAL GAS ,cTA Bua Garno•• Ca.. lA w 56% Halura! Gal Price Ina.... IFLEET COST AND BENEFIT ESTIMATE MODEL OtrrPUT SHEET t



I COMPJlESSED NA1VIlAL GAS ICTA Bu. ~.se - CaM 1A w Double Vehide Conwrlion CI fLEETcosr AND BENEm ESTIMATE MODEL INPUT SHEET i

/t}3

CorJlI:N&ata.a
PowwCalla
MaiDlcDmcc Calla
SwimSIan..CcIu
DiapaIIcIr CQISI
Mive !!,,,,,,,,. Calla

WU1laIlon

ISTAll(w rosTS

VEIIICLE DATA INPUTS

MISCELLANEOUS ECONOMIC 1NnrJ'S
0.,.d~Opcnl.iaIs 365
Elu:barl&o Rile 137
:t"1IDC Hcri10II (Bue 101-15 YT.alla 1 far 10 yr) 0

BEST AUilILABl"EDO(H H~.;I i:'j\;7Vti vtIlH'~'~:J

o.&FuaalCllll
saM ,Iaiaalp Slope

I*UoiI T_ Coclfsci=
50 23120 m
7S 16961 637
100 ]1]94 49]

l~aakD~nau I
~I' Vaics: 0.40 10 o.s~

11.1
11.6

a«J Kill PI!' IDIIlJ Km a
us._ivalod 0.

!STATION DESIGN 'ACTORS
1f0al, IIlLlfwSIln&s.801-1.0hlnriMSea- 0 I
b-01SC:r.... JnalaI rlASMB llaIIldSlGrlia G.39
Pncdaaclo.a_ alblu flcm S&cnaa AS
Iba .....iJabM far aIDw ftI1 >:>1 I' I Far f..dUl>>>~ 7
SlawfiU rIle,OIA:DIaM»> I 0.12 I Ftltftl1nM») 17

'.... "a..1WxIlan~Tr.n . 313M
:". " ee.1WxIlan SlDDe Cod!klola 493
'".. • ee. ftdar. > 6 BR'"Q.S6, I 11_ G..S6
IbnMawb u'im _ rre I

VALlIE OF DOSSIONS REDtJC11OM1 .....
IAIlI SOD
CIrhan MlIIlJIIldI tmi ~
lb...... (NMH:) u.;
~0aI_DiClll) SGO

td&lIIr (PW) f50
SuIIrt0aIJa1 (SOl) S20

MISCUJ.ANIOOS ECONOMIC INturS
I.eIlDilcua ...... 10
Lebar~ SAlr 15

Ta.a.. .. 20
Ca&01LaJd fat Sl&1Ial crollJ) SO



I COMl'llESSED NATtmALGAS tcTA aul Garug$ • CaM lA w Double Vlhide COIlWflIon Colli In.EET CO&T AND BENEFIT ESTIMATE MODEL OUTPtrr SHEET ~

/9'1

2

,. ,- "'.. - - '. ..' ....
.~. _ ..~

' . •. · ..·A.;.·

BEr.'l A; \/tIl i\ B'l r: D{\f\UMEl\!.,."'\:~ ~ • 1, \ LJ"L l .. tr-:- _ J\!. f '1 ~

SJA1'1ON DIlIIGH VAWlISTIMATD
C ,_~(3CI'pldfla'" :D72
("~Qa!Ik""",.baur 3160

SIatIII SIal (sao: .3•..-
tlII SIaDdan! Qlbk:w...' 3m



/95

o

365

3.37

CorDp.-CQIlI
PowarColll
M&inlaIcc& CoIu
SIIIicII SlcPla QCI
~CoIlI

Miycl1,!!eCl!" COllI

~

iSTA'DON alSD

49]

9T7
637

SIq.
'Cacm .Tam

26961
31394

23120

Bec>"" .i1V'At' ~B1 EDf'r'-' n e j-r·i7• &:'<"} ~ n. TULti L. .JV',JLnii ::1~ ~

~

7S

100

SCfM

Vail

l&aaUzR~~3lon,. Vn.: 0.40 toO.9

VAUlIO~ fMISSION.lJ REDVCTIm03 ~
I..* SOD
~!lanllllde@) 22

~"""H (NMlK:) m
~ou.(NQa) S60

.l&lI«(N) 650
SuUllrOaidu fSOI} S»

STATION DISIGN 'ACTORS
~OaIyButf~~Baa ••• QhawileSC. 0 I
~oISU'IO .Ibaiaa etASMB Ilabd SUna. "I
!Fr-cdna010. IleconnbI.o fram SlaI&. o.s
~wubk balaw fill >:>1 IS I fa fMI fill»> 1
!'ilowllDfIk.~>>>1 0.12 I FMlllDn&a») 17

e..tRmcllaa InJa'&;qJI Tam 313Mc..Rmalaa~CDdIlda& 4f3
COIl FIcIar. >6 Bar CIIIot'r Cl.!f, 111_ 0.56

r.~ MairIfIlIIICI I

10
is
20
JO

I COMPlUiSSED NA11lKAL GAS jCTA Bul Gatag•• Cu. 1A w 156% 'ncrl.. In Storage C4 n.EET cosr AND B~NEFIT f.STIMATE MOUEI. INPUT SHEET I
L. - - - _. - "- • _. IN' U T S

•• .. .. • _. - _. _. _ .. - .. - _.



2

/9(,

, ,,' .;<..,.. "'>:: ;:.",,' ,;' .:', ....•~. ' ,~ ";:""

r-.('t;"f I'.if·:!; i<: C ....j)·I{\r'li~,IlENTOl-.~n ,~,~f\!1 '·,')l.k-. \)\jIJra

:sTAtION DIliiGW VALWIS'IDIATIS
c_ : ._CIpIdIJ (3CPparHmlle 2272

(iD SuDdanl 0Ibk: .....per balr 3160
~SIa(SCI'1 131469

liD lIl&ndanl Otic W....l 3723

, COMPllESSIDHATtJ&ALG~=Il•• else 1A w 156% Ina.... In Storage Co.1 IJ1.Et:r .(:OST AND BENEFIT ESTIMATE MODEL OUTPUTSHEET t

I &ITUUTED VEHICLE 'ILL R"TIS
A--.."l'ImoiIVllIbldD 10RD

~ Velllcs.N_ Slaw (JIcurs) r.a~)
VIIIlcII WNI AaJl.JWI Q.O Q.O
V~ ...2 IWw AIISOIW. Q.O 0.0
V~ _3 'lnaBl-IWI 0.0 0.0
V~ ...,. Nn1'rlIl:tIW. 0.0 0.0

DI-.I
V.....1'JINI1 Q.O Q.O
VIllk:b1'JM2 0.0 Q.O

Vf!idItf)fe J 0.0 0.0
V.......... ,

113 12.7



/97

o

36.s
337

100
100

100

30

30
100

!.!!2
.so
.so

;;;;;;
1m

~,

Vchlda CGawnIaa leila
VclIidcTmkI

VEHICUl COSTS

~ l 2312:0

'" I 26961
100 I 31394

SQl4
Ullitl T_

IITKIlclD RCIllIWml:Io FralI ISIan,_ v..:0.40 ID o.,z

?1;;'1 .. J ~ '.~. ~ r·" -~-~. l~'·!J,·""O ~-..J~ "':'r"?:.lrnj ('ot"', ~'lL;~::F:'~'i\I'l".~1li'L1.~lL'f,~.,=.;.'I' ... c._. : ,."'l'n,,~:J

STATION DISIGN 'ACTOla
Ito.l1Bu1f... 3Ia'ID. Boll-I. QbclrwiIaScI- 0 I
ee. dSkir•••• !ftcIIaI d ASMB Rased S1a... 0.39
FnIclkadU.___able from Slaaaa o.s
Ibn IVlilabla.... fiB >;,1 IS I Fc1 fall tIU»» 7
IIow tID """0UaIlaIIe »> I 0.12 I F..lID n..>>> 17

ee.~~T_ ]llM
ee.Aa:daa SbeCoeftklall 4"ee. Facw. >68Ir..CU6" lit_ I

6.- ~ I

YAWl 0' DOSSIONS UDUCnOM "'-!LaM 500
Ic.t.a.........Ida /COl n
INc.....,.. (NMHC) m
INiiraMIOaldea (N(k) !60

.laa.tftQ eo
~0aI0ll_ <SQl) '30

ANIOfJIICONOMIC INrutS
IeIlDlDu.....S 10
iLabar Call. SoU IS

IItT_.~ 30
~d1&d I.. !kaIlan CI'tCI1l 10

INPUTS

I COMPU'SSED NATVRAL GAS)CTA Bu' a.ag....:. Cue 1A w 79% Incr.u. in COmpr.3 n.lt:ET COST AND BENEFIT ESTIMATE MODEl. INPUTSHEET I



t COMPlU:.iSEDNAnJJlALG.[JCTA Bua Garag.· c... 'tA w 7U"4 Ina.... In Compquat Co.t @.EETCOSTANDBENIo;FITESTIMATEMODELOUTPlffSHEET t

=-nE: IIiiW
Cl....,J VdlidcoI •=-nFE: rEt:; ros;.- ,

nAtION DIIIGN VALlJIII'IDUftI
c , __ CI{lIdlr (SCII..Mi..... 2272

(III 3lIadII'IICIIlk....... t.lIIIr 3160
....aiD(~ 131_

liIlSIIadIIlt 0ItIIc1(.,...1 3m

~~
'ii""'"I---o:i
~W -1Ii7

- .,. \

I.' ]1.3,B1..£ DUC;U",!:'~

2

)tj~



I COMPlllSSED NA'I1JaAL GAS leTA &, Gatag8 . Cui lA W25% Decrlul In D.jJ~ 1<13 FLEET cosr AND BENEFIT F.STIM,4.'s'E MODEI.INI'UTSHF.ET ~

I
~
100

~_Ccu

Po_Caaw

MainIa>mce Calla

SIAIim Slenac COllI
o.-eoa.
Mieed"'V'Ow CaIU
IllIla1lDUoa

STAT".a. CDSTS

VEHICLE DATA INPUTS

MJSClLUNEOUS ECONOMIC INPUTS
DI)'I aIFIcaJlkation Operation 365
Eu.':&!!fC RIIa ].37
rr_ Horizon (Due 10J -I' yr, CIlIa I b 10"j 0

VAUlKor DmSIONS UOOCI1ONS ~
~ 500
~MoooaidfllCOl Zl
~MI1IIallI If (NMOC) %IS
~ChI4cs (NOll) StO

llaa.(N) 650
~0II4l. (SOl) 5Z

STATION DIIICN J'ACTORS
IIOaIy Buftcw s.an.. Baa .1.OlbawlMSeI. 0 Ie.-atSwII' .Inaiaa aIASME Ilaled 51«... G.39
~at(i. b:uvlnblafram SItnI. ~
Haan 8VIi1a1M lor110. ftIl :>:01 I' I Far lui ftU:>>>:> 7
Sk/lrmJ"",.~:>>>1 0.12 I FllltlDnIIl»:> 17

0.1\a:lQI~TfIlD 31lM
0.~S!lJp!Coc:ftlQaa 4"
QaFecIar. :> 6 au CDIIr Cl.36, I It'" 0'»

"" yelee_"".. I

1JmCII.LANIOOSIa>~MICINrtm
lltIII DIacaa....... 10
IAcre-. .... IS

IRT-. .. 20
0.all.Iat. fer SlIlIaI (TClalI 10

~ 1

INPUTS



A1'IOH III9IGN YALVI D11MA1'D I
C 5 - Cl;iIclq (3CI'pcr M.aIIll !.!!...-

(III~QJblc:......1* !lair 29'29
, lllLanp Sblo I 91601

(ID SlmWd Qlbic: tot.ten) 2192 ,

2

0.0

0.0
iii

103

• _ • "'..:1 .~.•~ ",-.,

::-, . ~·;l;\~ J,

.~...-....._- ~ ... _- --.



,'\ \ f

I COMPRISSED NATtJIlALGAS JCTA Bu. Garage . CaM 1A w Double Import Tue. (4O'l') IFLEET COST AND BENEFIT ESTIMATE MOlJt:I.INI'UT SHEET I

,

VdlicleCaavcnlonlCl1I~
Vwei.Tanlu 100

MlinlmalClO C<lIU

SuLicn Swra&. Cow
~CCIlI

MiacdI&ncouI CllIU
Inaul!Alion

VEJDCUicons

VEIIICLE DATA INPUTS

MISCELI.ANEOlJS ECONOMIC INPt!I'S
DIp d FIccIJSlItion o-.lim 365
£uhan&. a.1e 3.31
rrame lbizan (BII. 101_1' yr. CIIICr I (at 10 yr) 0

.....

FraalooJ aoaw....1U Frun

Skn.. 'uri...: 0.40 10 0."

COIl f\w1icna
SC'M 1la\aQp S.

Ipll'Vllil Tam Codridcn

~ 23.20 971
~ 26961 631

100 313M 493

~TATION DESIGN "ACTORS
IfQIIy IIu1r... s.cna•. Boa -I. QbcnrlIe Sell- 0 I
COlI 01SIa.1' .1bClIaa 01ASMB Raled $lau. 0.39
fncdga dO. a-.abIII fruIl SIa... o.s
Ibnwaillbia b IIDw lID »1 I' I Fer faa rl1l:>:») 7
S~IlDIII'~~;~ I FMlllDnAO:» 17

31394_. COIl~ S1cDo CoctI\claII 4"COIlI'ad.ar.:> 6 Bat ..... 1U6, I 111•• 0""1bnASa,'. ~ I

vALlIE OJ' DOSSIONS REDUCTIONS ~
l.-d

~
~NcrGIde (CO) 2Z

NlIIw.a.-H (NMI«:) m
NlIr- (hid.- (NOlI) S60,daIIMtCalW(JIW) 650
~1llAIr0sl&.(SOl) '30
MlSClLLANEOVS ECONOMIC INrtlTS
aMI DiIcclual a-. .. 10
Lallar Coal. s.br U
"'-'-, r_ enTil«:... 40
~ oU.... (r~SwIm (fcul) SO



2

!STATION DI8IGN VALUIIS"IDU1D
c E - CapKiIJ (3CI'..Nil".. 2271
("~OIbk: ....... t.lUf 3160

~sa.(sa::l 131469
(iD SUDdInI a.tIk Ma.n) 3713

I COMPRESSED NAnmALG~TABul Gat.;!• • ea•• 1'\ w DoubI. Import Ta:eel (40%) ~ nEET COST AND BFNfo:FlT ESTIMAT-.: MODEL OUTPUT SHEET I



I COMPRESSED NA'nlRAL GAS pTA Bu. Garage.k.eaN 1-' w No Impurl Taxe. Ir ...EET COST A1'lD BENEFIT ESTIMATt: MOUEI.IN1'UT SHEE'f I

~

o

36.5

!QQ.
100

3.37

VEHICLE OAT ... INPUTS

FraaiCll1 ICCXMnblc mm J"
SLanao Villa: 0.40 10 o.l5 _

e-....,. CGi\ Maiono

SCfM Inlcn:qll Slqle
pcwUnii Tam Codll.:icn

$0 23120 m
7S 26961 637

100 31394 49)

v AUII~V DOSSIONS REOOcnONS SA-
1.-4

~
ea.-....."'IdeCCO) 2ZHe.WIdla6.1I (NMlK:) 2ZS
lNlarc..e>xulal (No.) S60

)rl.uw(PM) 650
~QlldCl (SOlI) '20

ANEOtlS ECONOMIC INPUTS
Rill DIII:alEJ ...... 10
~o.r,f.U IS

Tacw,'" 0
e-ol1.llld1",~(Tuc.oJ) SO

~:l!AIION DESIGN fACTORS
I!OaIy But!:r SlarIfC. BOll-I. Qhcn,"sa • 0 I
b.tolSlm"io.1naicn~ASME Ruod Sla... O.3?
fncIlclD 01 (iM a-.Ib',c fr_ SIlJr". o..s
Ibn lYailIbIc b Ilo. IiIi ..:>I IS I Fa rUl fiI1»» 7
Islowlll:nLr.~>>>1 0.12 I FIIlIlU,.&c»> 17

c.- PIIDalc>o lnIauol Tam 31394
c.- Rmaiaa SlaDe Cod'IIdcnl 493
c.-FICloCIr. >6au CIILcr IU6, I if... 0.56

~~YI., Mc~ 1

•. ;'" ' ..,',
~. ~ }::~,l

VIBICLI DATA INPUTS



J COMl'll~EDNATURAL (i.~TABu. Garegl • CISI.tA WNo Import Taxll --. nEET COST AND BENI-:nr ESTIMATE MOUEL OUTPUT SIIEi.T I

ISTA110N DISIGN VALUK 1STB1A1"I'SC-, '_CapKllJ(3CPparl.l.IlU 2272
(illSlm:1rd~~ par 1.aIt 3160

~S"I)(]OJ 1JJ469
(in SWIdoIrd 0&lX ),f,.enI 37D

02t#

2

.~ ·'~·f\rf.',1 '

...
tIIIIU

. Fur

UI-n.

IIITUUTID VIDleLI rILL RA TES
A_ae T~1WIVdlidIlOfiB

~ VelcleN_ ~(Jbu~) ....~)
VIIlIdI Wei AIlIoBl-lWl 0.0 0.0
VtIiIdI 'JDd NPAuloIW. 0.0 0.0
VIIIldiI 'JDd naBi-1W 0.0 0.0
VIiIldI We 4 NewnaIW. 0.0 0.0

DiIIII )
VIiIldITpI 0.0 0.0
VIIIldiITwe 2 :fAllull.-aPIH 0.0 0.0
V.....Twe3 0.0 0.0
VIIlIde 1'JDe4 :TABaaN.....1I

-
II.S 12.7



I COMPIlESSEDNAnJIlALGAS ETA Bu. G:r:2: .CaM 1A w 33% Devaluation 01 Egyptian. FLEET COST AND BENEFIT ESTIMATE MOm:L INI'UTSHEET ,

ISTATION DI:SIGN "ACTORS
1I000yBw!CI'SIena.. Ba&.1.~Scl. 0 1
Ic-ctSwI&••1ftctiGn at ASHIlIlaUld S1au.. 0.39
fbclIlII ato.a-crlbla tnm SIaI.t. o..s
~....Ii!I~faraJowfiU>;.I IS I IVt.-tlU»> ,
,.IID file. 0UnIaM >>> i O.JZ I F...mJ fila» 17

Call RmaIan InIaaptTam 31394
Call AIlw:IIalI S10Dc CodIIcIcd 493
Call FICIar. > 6 BuIII"CU6, 1If_ lU6

1bnIda, r..e--a..~ 1

YAWl!), DUSSIONS UOOcnONS SAaIna..... SIX)
~McDl&lde /D}\ ZZ
INad•••H (N},(OC) ZZS
lNIInlpa O&ldll (NQr) S60

WaIW(PM) 6SO
!'Ab'OU.... (SQr) .s30

lmaLUNIOOS ECONOMIC INrtrrS
balll*o..... " 10
lAlla' Coo1. t.W s.s

NXtT-." 60
Call at''''''d tar SWlQll (l'CIlII) SO

VEfllCLE DATA INPUTS

IFflQiaa 10ClD-.blclFnn I
~&. VIria: 0.40 \Q 0."

Coal Funaionl
sa:M bMcp SIqIo

paoUDiI Tam CoctrlCim

SO nlM m
15 26961 631
ltAi 31394 493

MJSCELUNEOUS ECONOMIC INrtrrS
o.p at f1ccIJSlIliCXI ()pcn1iOll 36S
Eadw1&c RIIC 4.41
'r_lIorizon (811& (OI-IS)r. all« I Car 10)r) 0

,;;L)S



".~ -.

.~

~

2

ecnvaaica Jell 1 _. 1-
TInb -
LI1xw

Diad Vcllidcl

~icaKkI ._._~n, r I ~TIIIU (11,.'4,234) C)!IadIrIalp. (!!7,66Z)Ubar _.- _. -_.- 00.
o.

0.0
a.o

0.0

12.7

STATION IlaIGN VALllED11MA1VS
c_ ...__CIpIcIIJ(Qr- MiIIllIa 2172

(ID ~.snQlWe......... bour 3160
.....SIza,SO') 131469

(Ill SUDdInS 0lt>II: t...:un> 31D

I COMPRESSED NATURAL,m:T" au, Ga, age • Clse 1" W 3:rY. Devaluation o' Egyptian Pound ~ nEET COST AND BENEIo'IT ESTlM"n; MODEL OlJ11>l!f SHEET J



I COM,aiSSED NATUIlALGAS 'CTA Sua Garage· Ca.. lA w 10 Yr. lIme Horilon IFLEET cosr AND BENEt'lT ESTIMATE MOOEI,IM'UT sun,,, I

c2tJ7

VdlicW OmcniallllLt
VdlicJcT.w

Caqlr_c...u
Powa(;Qlll
Main-.-Colla

511lia> Slana. CalLI
Di~c...u

Miv.dI&acouI c...u
1n&U1J.IIlan

VEJiJCLB COSTS

:STA1l<lN COSTS

VEIIJCI,[ DATA INPUTS

MISCELLANEOUS ECONOMIC 1NrtJ'TS
Dan dF1CClJSllliQl (),laaliQl J65
I!adlulac aalG lJl
'Tuna: flarizo,-j (Rue (01 - I' yr. CIIIU I for 10 yr) I

FrICliOQa~bIe Fran
SloR,. VIria: 0.40 ID 0."

Comprcuar (AI fuacliorw
SCI'M 1PLcr..-p S1Gpe

porUIIiI Tam CodrlCkr<

50 21120 977

" 26961 617
100 31394 493

1.4 I 27200

11.2 I 14960

11.6 I 14960

Q(OKmp« IDllJ1Kmll
UwequjulCIIII III

VALUI: or DOSSIONS IEOOcnONS ~
:-I D
~ Moa:..ide (CO) 22
.WlIlIIID.H (NMR:) 22S
~(bws. 0(011) S60

.~(pw) 650
Su1ftJr0aJd0. ISOla) 520

MISO'M.ANEOUS ECONOMIC INPUI'S
... I*:aa_ a.,., .. 10
Labere-.. u.r IS

nT-." 20
(AI olLmc. frr SlaIiQl (foul) so

~T"TION DESIGN WACTOIS
U ClaIr Butre.. SIaqe, Baa.I. 0Ih.......Set- 0 1
~olSla11•• 1netka d ASMH bled SaarIU 0.39
lFnl:daadl'. a-cnbkfranSll:I'li. o.s
Hcun ."l1li bIe tar lID_lUI>~ " I Far faa fl11>>» 7
SIaIr lUI nL:. CJoIImlaa;a.o >>> I 0.12 I Fill lUI rae»::> 17

ea.~~T_ 31394
ea.1\Iac:lIoa S1aoe CDaIIIciaIl 4"Call FIaGr,>6Bar_o.56, I 11_ 0-"

f,. M·jrpm.,... I

f jJ.~\!!\!l:3\EjL~E (~(J(~'t {;.,

VIHICLI DATA INPUTS



2

t2tJ)}

TIi1U
lAlla

DiacI VdJi<1cl

e.-cnbt "itI ' .--, I i ITIIIU (S1IO,676)~!IIIp. (S27,Q52)
lAb«

0.0 I 0.0

0.0 I 0.0

0.0 I 0.0

SWw(Halu) I ....~)
AwnleTilJWlVeIIidlIlO FID

.' .~

STATION DISIGN VALU2IS'1DfATIS
C : _CapIclIJ(3C1I1*MiilU ~71

(III lIImd.... ClIbk w.n1*I•.ur 3160
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