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2. Summary 
The immediate objective of this proposal is to foster the development, manufacture and large-scale commercialization of hydrogen-fuel cell buses (HFCBs) in Mexico through the initial operation of a fleet of 10 fuel cell buses in Mexico City during a 5-year period.  This project represents the first part of a two-Part project designed to test –under conditions of commercial operation– a zero emissions technological option for public transport in a dynamic metropolitan area situated at 2,200 meters above sea level. A total of 3,000,000 km of accumulated use will be gained by the end of the 5-year demonstration period.

This project has been prepared and submitted in keeping with the GEF FCB Strategy, presented and discussed by the Council at its meeting in November 2000.  The Mexico project contributes uniquely to the FCB commercialization portfolio in three ways.  First, it is the first demonstration project to propose obtaining hydrogen from reforming natural gas.  Second, the buses will operate under high altitude conditions, generating vital information for urban areas situated above 1,000 meters above sea level.  Third, Mexico represents an important global sub-market for buses, notably the northern Latin American market.

The project is designed to be consistent with the terms of GEF Operational Program 11 on Sustainable Transport.  
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GEF
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0.3395

Implementation Part II
6.9350

GEF Subtotal
12.3533

Co-financing
Implementation Part I

Government-STE
2.3419

Fares-STE
0.1269
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Private Sector
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Implementation Part II

Government-STE
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Private Sponsors
0.5000

Private Sector
1.6605

Co-financing Subtotal
16.8945

Total Project Cost
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Date: 25 August, 2000
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1. BACKGROUND AND CONTEXT

1.1
Clean Transport Strategy in Mexico City

1. Investments and long-term policy initiatives for airborne pollution control in the greater Mexico City metropolitan area (MCMA) –including the transport sector- are contained in the Programa para Mejorar la Calidad del Aire en el Valle de México 1995-2000 (Improved Air Quality Program in the Valle de México, or PROAIRE). This is an inter-sectoral program integrated by the Federal District City Government, Mexico State Government, the Federal Secretariat for Environment, Natural Resources and Fisheries, and the Federal Health Secretariat. The PROAIRE policy instrument also exists for other major cities, such as Guadalajara and Monterrey, and several northern border cities.

2. Preparation of the 3rd Air Quality Program (2000-2010) for the (MCMA) is currently under way. Recent electoral results for the Federal District government should prove favorable to continuity in the current policy framework. It is important to note that this program will be in force during a proposed 10-year period, recognizing that longer-term interventions and policy efforts are required to make meaningful impacts on air pollution control. 

3. Given the size of the urban transport fleet in the MCMA, it would be unwise to develop and deploy a single technological option, which is why PROAIRE includes a multi-faceted approach to technological solutions for the urban transport sector. The Metro (subway) is the hub for this approach, and planning efforts and new investments will revolve around existing Metro infrastructure. It is important to note that while clean technologies form an integral part of PROAIRE strategy, the overall effort consists in increasing the efficiency of current infrastructure, together with service improvements, better investment planning and deployment of new technologies. To this end, as of January 2000, all STE and RTC bus and trolley bus routes begin or terminate in Metro stations, providing integrated commuter articulation. Initial evaluations have indicated that this strategy is both cost efficient and results in high customer satisfaction, given that the average commuting time has diminished. Also, Metro ridership has increased as a result of this new strategy, from 4.5 to 4.7 million daily users in the first semester of 2000. The continued consolidation of the strategy consists of the following activities:

· Through the overall plan for the light train system, expanded service routes and schedules, and improved subway facilities, including park-and-ride modalities 

· Improved traffic control systems

· The above-mentioned substitution of minibuses for larger passenger buses

· Renewal (and in the case of the trolley bus system, replacement) of the bus fleet upon completion of its life cycle

· Deployment of more environmentally friendly technologies (conversion of buses to compressed natural gas and ethanol -already underway on a pilot basis-, deployment of hybrid electric-combustion engines, duel combustion (CNG-diesel) and fuel cell technology).

1.2 Environmental Benefits of HFCBs in Mexico City

4. One of the most serious problems facing Mexico City and its surrounding area is air pollution, as is common of megacities in developing countries. Addressing this problem has become a high priority because it affects both the quality of life of its more than 22 millions of inhabitants, and its environmental sustainability.

5. Accelerated demographic growth for the Mexico City Metropolitan area (MCMA) translates into an accelerated expansion of densely populated territories, spilling over into neighboring State of Mexico. On an annual basis, the Valley of Mexico receives 300,000 immigrants from across the country whom, for the most part settle in the State of Mexico, but most often find employment in Mexico City. This flow of commuters yields more than 30 million person-trips per day on public transportation. Additionally, 3 million private vehicles transverse the city. Each year, 160,000 new vehicles are added to this circulating mass, of which 32% is made up with pre-1982 models. 

6. Within the area comprising the Federal District alone, nearly 29,575 public transportation buses --fueled by internal combustion engines-- operate daily. However, according to the Federal District Environmental Secretariat, this number has increased to about 64,180 buses when the whole MCMA is reckoned. Of the first group, approximately 22,887 buses of Mexico City are 22 seat gasoline engine minibuses. Another 4051 are 10 to 12 passenger microbuses. The remaining 2,637 are 9 to 12-meter long diesel engine buses. All diesel and gasoline buses, minibuses and microbuses are privately owned. 

7. The Electrical Transport Service Authority (STE acronym in Spanish) of the Mexico City government retains ownership of 169 articulated diesel buses plus 20 one-body buses for handicapped people. STE also operates 450 trolley buses and a small lightweight train system (16 trains on a 23-kilometer line). Since February 2000 a new Urban Bus Transport firm owned by the City Government, RTP (acronym in Spanish), under SETRAVI administration, has been established with a total fleet of 1,000 Diesel buses.

8. Studies indicate that approximately 75% of the total emissions of nitrogen oxides, sulfur oxides, carbon monoxide and particulate matter are produced by internal combustion engines of car and buses circulating in Mexico City (whose present number is expected to increase about 40% by the year 2006). These four pollutants are included under the Metropolitan Index for the Quality of Air (IMECA) that was created to monitor major pollutants in Mexico City that cause acute and chronic health effects. The combined usage of transportation and industrial output results in the daily release of 11,700 tons of airborne pollutants, or about 4.3 millions tons per year. Although intensive use vehicles, which include urban transport buses, represent only 25% of the total number of vehicles, they are responsible for 34% of the transport-originated pollution. 

9. Mini and microbuses, although representing barely 2% of all vehicles circulating in the MCMA, produce 8.3% of total pollutant emissions, and account for almost 10% of greenhouse effect emissions (CO2, CH4, NO2), according to the 1996 emissions inventory of the National Ecology Institute.

10. Hydrogen Fuel Cell Buses (HFCB) have become a clear technological alternative to solve air pollution problems in large cities, since they do not emit constituents of atmospheric air pollution, such as toxic emissions, nitrogen, sulfur and carbon oxides, and suspended particulates. Water vapor is the only emission generated by hydrogen fuel cell buses. Their fuel cell and electric propulsion systems have been proved to be the most efficient at motoring both at low and high speeds, as compared to the diesel engines. This feature, combined with their energy conversion efficiency, makes them very suitable for urban public transportation, as they operate with a 400 kilometers per day autonomy, with the compressed hydrogen that they carry in their tanks. Overnight hydrogen refueling can be carried out in the STE bus yard. If compared with trolley buses they do not require overhead electric cables, or AC/DC electrical substations.

11. HFCB technology is considered to be very safe, given the advances in system-wide safety concerns currently being incorporated into the natural gas distribution network. The Secretary of Environment has created special zoning regulations for natural gas distribution, which includes criteria for site selection, civil protection and public awareness. Lessons learned from the operation of two compressed natural gas fueling stations in Mexico City have been taken into account during project preparation.  Safety parameters for the proposed reformed natural gas process were also defined during preparation, and a 5-6,000 m2 open air facility, located 600 m from a natural gas pipeline, has been identified for the reformer plant. The proposed site would exceed local requirement and as it is situated within the STE bus yard, it eliminates the need for transporting hydrogen for fueling needs. Fueling infrastructure was recognized as an important node for the HAZOP analysis (Hazard and Operation Analysis), during project preparation. CNG is 8 times heavier than H2, and could form gas clouds with higher explosive capacity (made as a support research for this project). The density difference promotes the dispersion of H2 in the atmosphere, reducing its explosive energy. It was noted that gaseous hydrogen does not share the potential explosive risks of liquid hydrogen, because in the case of release the gas will rapidly dissipate and rarely accumulates given its relative lightness. Also, simulations were carried under different scenarios to define system parameters at project sites. Information generated from these studies has been included in the project design. 

12. In view of the challenges and possible environmental hazards stemming from mini and microbuses, a new Transport Law for Mexico City that was approved by the City Council on November 1999. This new transport law established among other regulations, that the existing micro and mini buses have to be replaced by 9 to 12-meter diesel buses. Individual microbus concessionaires will be provided incentives, including low-interest loans, to create new urban transport firms and to replace existing units.  

13. The Federal District Government through its Environment Secretary is finishing negotiations with the French Global Environment Facility (FGEF) for the implementation program to convert gasoline-fueled microbuses to compressed natural gas. While the long-term transport strategy contemplates a gradual reduction in the use of these vehicles, taking advantage of their efficiency in certain niche markets of the MCMA, it is clear that rapid air quality benefits might be obtained through motor conversion. A total of 150 microbuses are scheduled for conversion on a pilot basis, as well as the development of improved gas distribution centers. Two CNG fueling stations are currently operating in Mexico City, and a third is under construction. Beginning in 1999, the existing stations have provided fueling service for a fleet of 480 CNG-propelled garbage collection vehicles, and 650 patrol cars. This infrastructure will form an important part of the overall transport strategy, beyond the immediate goal of motor conversion, and as seen below will feed into the hydrogen fuel cell project. While distinct, CNG management has provided invaluable experience for the eventual large-scale management of hydrogen production and fueling.

14. The long-term feasibility for hydrogen fuel cell deployment in the MCMA and other urban centers is virtually assured through the expansion of natural gas distribution and management services. Without taking into account the infrastructure associated with trolley buses (overhead cable, A/C D/C substations and purchase of right-of-ways, a trolley bus costs three times more than a diesel bus. Due to this high investment and maintenance cost of the trolley bus system, the current 450 units that will need to be replaced over the next 20 years are ideal candidates for replacement by HFCB. It is estimated that by 2006, approximately 250 units will need to be replaced, coinciding with the proposed second phase of the project. Also, most of the large diesel buses now operating in Mexico City, and their replacements, will become candidates -- due to their significant contribution to air pollution -- for substitution either by HFCB or other near zero-emissions hybrid, duel and electric bus alternatives, during the 2006 to 2010 period. 

15. The expected accumulated emissions avoided in the projected life cycle will be 464,640 tons of CO2, based on the substitution of 100 DBs/year by HFCBs in Mexico City during five years, utilizing natural gas reforming technology with carbon sequestration process included for hydrogen production. It is expected that expansion of the program to the Guadalajara and Monterrey metropolitan areas from year 2007, as well as the commencement of exports of assembled HFCBs will add an additional 1,500 units in total during phases 2 and 3 (2007-2020). This would allow for a base calculation of a minimum additional rate of substitution of 200 HFC buses per year, resulting in accumulated avoided emissions of 634,218 tons of CO2 by 2010. Data and technical specifications provided by manufacturers of the technology indicate that the process gas exiting the shift reactor of natural gas-based hydrogen reformers contains 15% to 18% of CO2. While expensive, this is a highly desirable and environmentally friendly technique. The actual performance of this process will be closely monitored during project implementation. The captured CO2 can then be recovered and commercialized. In particular, the market for inert gases in the soft drink industry is enormous in Mexico given high per-capita consumption, and represents a large potential for cost recovery under the project. This means that the net avoided emissions “well to wheel” in hydrogen reformer based on natural gas is effectively zero, to be confirmed through extensive monitoring.

1.3 Further Expansion Potential

16. SETRAVI is now firmly convinced to introduce the environmentally cleanest buses in the streets of Mexico City. To do so, it has given the Electrical Transport Service, full responsibility to develop the required research on new technologies, associated to urban bus transport in Mexico City. It is in this framework that STE will operate the first 10 HFCBs of this project during a 5 year period from 2001/2 to 2005/6. Operation will start with 3 HFC buses in 2001/2 followed by 7 HFC buses in the following year. If this technology proves to be competitive in commercial and performance terms, RTP and STE would initiate the acquisition of 100 HFCBs/annum starting in 2006.

17. STE and RTP have proven capacity to incorporate new, high-technology buses on an annual basis, as evidenced by their transport fleet renewal program. During 1997-1999 STE bought 200 high-technology new trolley buses, and for 2000-2001 STE has budgeted the renewal of 60 articulated buses and 100 trolley buses. Also, STE will acquire 65 new low-floor buses during 2000. RTP itself will acquire 500 new DBs in 2000, which will comply with EPA 2000 standards. In summary, in the last 4 years these 2 transport firms together have programmed the renewal of 925 public transport fleet including buses and trolley buses, at an average of 231.25 units per year.

18. In accordance with the fleet renewal process underway and planned, 22,887 gasoline engine minibuses currently owned by private firms and individuals, should be replaced by approximately 7,600, 9 to 12-meter long diesel buses of which about 1,500 buses will have completed its life cycle by the year 2006. This figure should be added to the current private bus fleet of 2,637 whose life cycle will also be completed by the same year. So, by the year 2006, the total Mexico City fleet is expected to be renewed by about 4000 units.

19. SETRAVI reports indicate that the bus program renewal in the State of Mexico (greater metropolitan area), resulted in 6,453 units renewed in 1996, 11,094 units in 1997, and by the year 1999 an accumulated number of 52,608 units were renewed, representing an advance of 75%. The report does not desegregate the units according to the type and size of buses, but it is certainly a mixture of gasoline and diesel micro, mini and large buses.

20. As an integral part of the bus fleet renewal process, this demonstration project, which starts with the operation of 10 HFCBs in the period 2002 to 2006 will be followed by an acquisition of a fleet of 100 HFCBs by STE and RTP starting in the year 2006. This fleet conversion will expand the HFCBs Mexican manufacturing process (some nationally manufactured parts and national assemblage is expected during this project) and will be self financed through a joint effort of the fuel cell manufacturers, bus manufacturers, hydrogen suppliers, STE and RTP, and the Federal District Government. This bus conversion process is a fundamental part of the clean transport strategy as detailed in PROAIRE 2000-2010), which promotes the simultaneous renewal of the bus fleet with the introduction of more environmentally friendly technologies. After 2006, an acquisition rate of 100 HFCBs per year in Mexico City is expected to occur, within the diversified clean urban transport program, reaching an accumulated average of about 500 HFCBs by 2010 in the MCMA.

21. Once the commercial and technical viability of the pilot fleet has been fully proved it is expected that the total yearly acquisition of HFCBs would reach 200-600 additional units, taking into account the renewal requirements of other major urban areas (Guadalajara, Monterrey and the greater MCMA in State of Mexico). This would add an additional 1,000 units to the in-country fleet by 2010.

22. Mexico is poised to take advantage of the market niches present in the diverse free trade agreements it has signed with the U.S. and Canada, the European Union, and most of the Latin American region, by assimilating hydrogen cells technology. Local engineering capacity in the transport sector is well developed. Of the 200 trolley buses purchased between 1997 and 1999, 4 were completely manufactured in Japan, and 19 were partially manufactured (chassis, front axis, pneumatic system, power electronics) and totally assembled in Mexico. While electronic drive trains are not currently manufactured by national companies, three international competitors have production plants in Mexico (Alston, Mitsubishi and Siemens), and by 2005, the electronics system should be made in Mexico, and only the fuel cell engine will be imported. A fuel cell stack replacement firm situated in Mexico may service fuel cell replacement, even though the firm may import the fuel cell stacks. This will further decrease the price of a Mexican- made HFCB. Complete fabrication and assembly in Mexico provides additional benefits such as lower cost, capacity building and increased local ownership of the technology. Exports of this technology installed and tested under proven conditions, will serve not only to further the world-wide assimilation of the technology, but will also comprise an important part of the dissemination strategy designed under the current proposal. The market for environmentally friendly goods and services, especially in light of quasi-protectionist environmental legislation recently enacted in many developed countries, continues to grow. Accordingly, in addition to meeting the demand of other metropolitan areas, extra production capacity would be dedicated to the export market starting in year 2007, adding an additional 1,000-3,000 HFCBs produced and operating by the year 2010. 

23. As discussed above, once the second phase of HFCBs manufactured in Mexico has been taken to a mature stage, estimated to occur by the year 2010, Mexico will be in the possibility to become one of the most important exporting countries in HFCB technology. The present installed capacity of about 40,000 buses/annum, indicates a potential export capacity towards traditional bus chassis markets in North America, the European Union (France, Germany, Great Britain) and Latin America (Chile, Colombia, El Salvador, Guatemala), of 3000 buses per year from 2010 onwards.

24. The full commercial potential of HFCBs will exist only if the predicted manufacture and life cycle costs for Mexican manufactured HFCBs will align with these estimated costs. This will make HFCBs technology not only competitive with updated DBs technology but also with other near-zero emission electrical bus technologies. 

25. Research will be carried out at the beginning of the 5-year period of this HFCBs demonstration project. This targeted and applied research is especially important in the sensitive fields related to the reorganization of Mexico City urban transport and its environmental, political and economical impact. Also, all technological studies leading to the mass adoption of HFCB technology are likely to require long assimilation periods and development of high level of local expertise. GEF-financed research activities shall focus on HFBC Mexican prototypes, manufacturing process optimization, series tests certification, technological performance, maintenance and operation analysis, demonstration project management and environmental analysis (including carbon sequestration process), as well as demand and supply of HFCB technology. Local sources will cover specific research on the Mexico City case study on costs and benefits of non-polluting transport in megacities, the politics and economics of bus replacement, diagnostic and solution alternatives, health, and the economics of mass hydrogen production for transport. A research budget is included in the cost of this demonstration project in order to carry out these studies.

1.4 Barriers to Mass Scale Deployment

26. According to several studies, the HFCB technology can be considered technically demonstrated. However, the costs of the technology have not yet been brought down to commercially competitive levels. Further R & D on increased production and use volumes, for extended domestic and international markets, is required to bring this technology to a commercial competitive status. Only mass-production-and-utilization of such buses technology will overcome these competitive issues on a lifecycle basis. Under such circumstances the application of this technology will also play a major role in diminishing the present days Mexico City pollution levels. 

27. STE invested nearly US$ 50,000,000 to buy 200 trolley buses during 1997 to 1999, at a unit cost of US$ 250,000 for a 100-person capacity bus. For the Mexico City Government, a second option to increase the transportation capacity is the use of articulated 160-passengers diesel buses, at a cost of US$ 170,000. A third option is the use of 100-passenger diesel buses at the cost of US$ 85,000. It is clear that the environmental benefits of the trolley bus option are important, given the present level of air pollution in Mexico City. The diesel bus option is nominally cheaper, without factoring in its high pollution cost. 

28. The current capital cost differences between HFCB versus diesel buses is still considerable (about US$1.45 million versus US$ 250,000 in North America and European Markets), and represents one of the major barriers to large-scale production and commercialization in Mexico. Therefore, it is essential to promote a clear understanding among entrepreneurs and political leaders that initial “over-costs” of HFCB are justified not only in terms of their environmental benefits, but also in the competitive costs that this technology is expected to reach by year 2007 when using life cycle cost comparison. For the time being, the lack of awareness to support this new technology is also an important barrier that has to be overcome. 

29. Another major barrier is the current durability of the fuel cell stacks that generate the electrical power to fit the power electronics control traction motor. Full operating time of the fuel cell stacks before requiring overhaul maintenance is currently calculated at 4,000 hours, versus 30,000 hours of operating time for diesel engines. 

30. This gap has yet to be tested in a real commercial environment with a representative number of buses, on one hand, and on the other, this barrier in itself calls for the creation, under local conditions, of a stacks-replacement firm in Mexico, which should further reduce costs. Presently, the absence of such an experience of operating, fueling and maintaining HFC buses in a large scale is still a barrier to overcome. This HFCB demonstration project will therefore open the way for the acquisition of required experience.

2. RATIONALE AND OBJECTIVES FOR THE PROJECT

2.1 Mexico in the Context of the GEF Strategy on FCBs

31. At the GEF Council Meeting in November 2000, the GEF held discussions led jointly by the GEF Secretariat and UNDP on a “GEF Strategy to Develop Fuel-cell Buses (FCB) for the Developing World”.  This meeting summarized the outputs of a series of workshops sponsored under the UNEP Medium-Sized Project “Fuel Cell Bus and Distributed Power Generation Market Prospects and Intervention Strategy Options”. These workshops – which included participants from private industry, public sector transit agencies in both developed and developing countries, and members of the GEF Secretariat and Implementing Agencies – shaped the GEF FCB Strategy for the development of FCBs in GEF recipient countries, consistent with the objectives of Operational Program (OP) 11, Sustainable Transport.

32. The Council decision that “…GEF should develop the five fuel cell bus projects currently in its pipeline…” is consistent with the strategy presented.  That strategy proposed GEF support for preparatory, demonstration, and commercialization phases.  This project, which has met all of the quality criteria developed as part of the GEF strategy development process, represents a demonstration phase project.  Its results will be carefully monitored prior to submitting any future commercialization phase proposal.

33. The FCB project in Mexico has several unique features that contribute to the overall GEF FCB portfolio of projects.  The Mexico fuel supply will be through natural gas reforming, and the CO2 produced during the hydrogen manufacture will be recovered. The reforming plant will use a vacuum-swing absorption (VSA) system for CO2 recovery, and process efficiency will be obtained through increased hydrogen production. This project will examine the impact of high altitudes on both the fuel cell performance and the hydrogen supply system. Finally, the project will explore the Mexican market, which is a significant market unto itself, while allowing for expansion into the Central American and northern South American markets.

34. The Mexico project, as part of the larger GEF FCB portfolio of projects, will benefit from the coordination that is planned between projects.  Three key coordination approaches are planned.  First, to maximize lessons learned and the sharing of knowledge between the FCB projects, a series of workshops will be organized by the UNDP-GEF that will bring together key stakeholders from the Mexico project with those from other FCB projects.  Second, the FCB Private Sector Advisory Group is intended to provide guidance and support to all of the GEF FCB projects, including Mexico. Third, a GEF FCB website will be developed and maintained, and will host information on progress, lessons learned, and research associated with all FCB projects. This website is intended to facilitate communication between the FCB projects.

2.2 Project Objectives

35. The rationale underlying this project is that only large-scale deployment of HFCB technology will produce a substantial impact on the reduction of air pollution levels. Nevertheless, full market deployment is pending upon a reduction in the gap between the capital cost (but perhaps more importantly the life cycle cost) of HFCB as compared to conventional internal combustion engine buses. 

36. The development objective of this project is to substantially reduce GHG emissions originating from the transport sector, through the full deployment of fuel cell technology in the urban transport fleet in Mexico, and existing production capacity will be used to export and replicate technology in other parts of the world. To this end, the project will initiate and accelerate mass-production development, commercialization and utilization of HFCBs in Mexico. These are compatible with GEF Operation Program 7: “Reducing the Long-Term Costs of Low GHG Emitting Energy Technologies” and Operational Program 11: “Promoting Sustainable Transport”.

37. The immediate objective of this project is to demonstrate the operational viability of fuel cell drives in urban buses, together with the requisite re-fueling infrastructure, under Mexican conditions through the initial operational test of 10 hydrogen fuel cell buses. It will begin the process of commercialization and adaptation of the fuel-cell buses in Mexican markets.  

2.3 The Hydrogen Fuel Cell Bus Program in Mexico

38. The current proposal has been prepared with the assistance of a PDF-B grant. Relevant aspects of preparatory studies have been included as annexes to the proposal, and all of the studies are available upon request. As part of project development, lessons learned from a previous two-unit demonstration carried out in Mexico City in 1997 and 1998, to measure the effects of altitude on HFC technology, have been incorporated into the final design, and should provide important lessons learned for replication of HFC in higher altitude cities at the global level.

39. The overall hydrogen fuel cell bus program consists of a first phase in which 10 HFCBs will be operated by STE under a revenue-earning regime during 5 years, from 2001 to 2005. During the year 2006 and taking into account the research results of the studies undertaken during the demonstration period, and the competitiveness of the technology, a second phase will initiate with the purchase commitment by SETRAVI of 100 HFCBs/annum, under STE and RTP operation. Concurrently, the HFCBs commercialization process in Mexico will start with the production and operation of an initial 100 HFCBs per year to reach 1,000 – 3,000 HFCBs/annum by the year 2010. This is contingent upon market conditions and technical performance that would allow the expansion of the internal market to include Monterrey, Guadalajara, and the State of Mexico greater metropolitan area, and that international demand warrants the creation of solid export capacity for the HFCBs market.

2.4 Size, Duration and Location of the Proposed Project 

40. The size and duration proposal of the demonstration project is based on 10 hydrogen fuel cell buses, running under different regimes during 5 years (3 buses will begin operation in 2001/2 and 7 buses in 2002/3). Based on the infrastructure investments needed to support this project, particularly in light of the strong private sector participation, a 10-unit pilot fleet was identified as optimum. Additionally, fleet sample size is consistent with the suggestions of the preparatory studies, which indicate that a 10-bus pilot would provide the minimum statistical degree of confidence, as well as reliable technical parameters for political decision-making. 

41. For hydrogen production, three different possibilities were analyzed: supply by trucks, electrolysis generation, and reformer plant from natural gas. From these possibilities, it was decided to use natural gas, due to the following facts. First, natural gas is an abundant and relative cheap resource in Mexico. Second, for phases 1 and 2 the natural gas supply can be obtained from an already existing gas pipe 400 ft distant from the garage facilities. Third, for the long-term planning, natural gas appears to be the cheapest option, and has a low carbon-to-hydrogen ratio. Finally, electrolysis was discarded because of the high proportion of fossil fuel generation in the national energy supply (75%). Based on this decision, negotiations are well advanced between STE and hydrogen producers to obtain a 6,500 cubic meter natural gas reformer in exchange for a 2,000 m2 facility located on STE grounds. Cost information is included in tables A.1 and A.2.

42. Although natural gas reform and hydrogen manufacture produce 15% to 18% of CO2 of the total exit gases, this can be recovered and used. The reforming plant will incorporate a vacuum-swing absorption (VSA) system for CO2 recovery. Process efficiency will be obtained through increased hydrogen production. This means that the “well to wheel” hydrogen reformer based on natural gas is effectively zeroed. Actual on-site performance will be closely monitored during project implementation.

43. These ten buses will be purchased in two lots, through a two-part bidding process. The first 3 units will be running at a low regime of 2080 hours/year (8 hrs/day, 5 days/week 52 weeks/year, at an average speed of 18.33km/hr). Based on the successful production and acquisition of the first three buses, the bidding process will then be conducted for the remaining 7 buses. These last 7 units will work at a normal regime of 3840 hrs/year (12 hrs/day, 320 days/year, at an average speed of 18.33km/hr). They will run a maximum of 220 kilometers per day, during 320 days per year over a period of 5 years. This gives an accumulative volume operation of 3.036 millions of vehicle kilometers for the entire fleet, or 86% of availability if compared to diesel buses. Fleet size and test phase duration, in addition to assuring statistically valid performance tests, will also produce accumulative knowledge regarding operation, performance, maintenance, and feedback information to manufacturers. At the end of the demonstration project, these 10 HFCBs will continue to run the same route, operated by STE and maintained by joint agreement between STE and the HFCBs manufacturer.

44. One of the most typical bus itineraries, which is very representative of the wide range of transit and environmental problems inherent to Mexico City has been chosen for the test phase of the HFCBs. This is an existing north-south route along Insurgentes Avenue in which 40 articulated STE diesel buses are operating 365 days a year, together with another 130 diesel buses of private transport firms. These buses are out of operation 12% of the year for maintenance purposes, so every unit of the fleet really operates 220 km per day, 12 hours a day, 320 days a year according to the experience of STE. Each diesel bus runs an average of 70,400 kilometers per year at 100% capacity. 

3. PROJECT ACTIVITIES AND EXPECTED RESULTS

3.1 Project Activities

45. The timing and sequence of the project activities are described below.

Implementation Part I:  Years 2001 – 2002

Activity 1: 
Design the detailed layout and workplan of the project. 

Activity 2: 
Prepare the protocol for the technical and performance specifications of the complete fuel cell electric buses and associated fueling system. Conduct a stakeholders meeting, inviting representatives from the fuel cell and urban transit community, and soliciting comments on the draft technical and cost specifications for the tendering.  Finalize technical and cost specifications for procurement bundle.

Activity 3: 
Issue the international call for tenders. Includes the publication of the technical specification protocol and the invitation to qualified vendors to bid. Tenders from different combinations of fuel cell engines, International and/or Mexican bus chassis/body manufacturers, will be sought and encouraged. 

Activity 4: 
Select vendor(s). The selection of vendors will be based on the lowest costs on the complete project. It will take into account the vendors fulfilling of technical and performance requirements, and the extent to which cost-reduction objectives of project will be achieved.

Activity 5: 
The selected vendor initiates the manufacturing of the first 3 HFCBs and prepares conditions for the remaining 7 units.

Activity 6:
Vendor installs, operates and maintains hydrogen supply system, under full responsibility, within STE premises.

Activity 7: 
Establish a plan for public awareness efforts, including developing a marketing strategy and communications plan. All marketing and communications will recognize GEF support for the project, which will include GEF’s logo(s) on the actual FCBs.  The communications plan will include outreach efforts that will encompass the larger private sector community as a target for the project results and will facilitate engagement of the FCB Private Sector Advisory Group, as outlined in the UNDP-GEF FCB Strategy Note.

In addition to the public awareness activities, a coordinated research effort is planned. A research program will be established during Part I, and will include analysis of, among others: (a) the performance of the natural gas reforming technology with the carbon sequestration process for hydrogen production; (b) the net avoided emissions in hydrogen reformer when examined “well to wheel” (including carbon sequestration process); (c) reorganization of Mexico City urban transport and its environmental, political and economical impact; (d) technical studies on the HFBC Mexican prototypes, manufacturing process optimization, series tests certification, technological performance, maintenance and operation analysis, demonstration project management and environmental analysis, as well as demand and supply of HFCB technology. Associated research, not funded by GEF sources, will focus on research into costs and benefits of non-polluting transport in megacities, the politics and economics of bus replacement, diagnostic and solution alternatives, health, and the economics of mass hydrogen production for transport.The research results will be disseminated through national and international seminars, and workshops to be held in Mexico. 

Implementation Part II:  Years 2002 - 2006

Activity 8: 
Place an additional 7 HFCB in service, and operate the entire 10 HFCB fleet for 5 years, operating under different regimes in a Mexico City commercial route. Initially, 3 HFCB will be purchased and start operation in 2001/2 for strong prototype monitoring and inspection, and also due to manufacturing constraints. The remaining 7 will start operation in year 2002/3. 
Activity 9: 
Train operating and maintenance personal. 

Activity 10: 
Collect operating data. It includes the collection, analysis and evaluation of the operating data and monitoring information of the whole fleet.

Activity 11:
Carry out the research studies associated to the project.
Activity 12:
Carry out the research projects in preparation for future FCB market development in Mexico.

Activity 13: 
Disseminate results and adaptive management. It includes the feeding of the obtained data and analysis, back to the vendors, and into the preparation for future FCB market development. It makes public diffusion of these results, and it initiates activities related to the Mexican mass manufacturing of hydrogen fuel cell buses.

Activity 14: 
Both the communications and research initiatives begun during Part I will be continued throughout Part II. The FCB Private Sector Advisory Group will continue to be consulted on a regular basis regarding project results. International meetings on hydrogen fuel cell technology will be attended for development and joint entrepreneurial purposes, and for widespread dissemination of research results. The research results will be shared with the other GEF FCB projects through meetings and other communications (e.g., FCB Website) coordinated by the UNDP-GEF. 

3.2 Project Outputs

46. The results of this project are expected to be:

Output 1:
Procurement of initial 3 FCBs and associated refueling infrastructure.

Output 2:
A fleet of 10 HFCBs (initial 3 followed by an additional 7) operated over a period of 5 years to obtain reliable information on its environmental performance.

Output 3: 
A significant demonstration of technological, manufacturing capacities and operational viability of fuel cell drives in urban buses and their refueling infrastructure under Mexican conditions.

Output 4: 
A cadre of bus operators and staff trained in the operation, maintenance and management of fuel cell buses.

Output 5: 
A substantial body of knowledge accumulated on reliability, failure modes and opportunities permits to undertake an awareness campaign directed at creating an enabling environment for the future FCB market in Mexico.
4. PROJECT ELIGIBILITY AND RELATION TO OTHER IMPLEMENTING

    AGENCIES

4.1    Project Eligibility

47. Mexico ratified the United Nations Framework Convention on Climate Change (UNFCCC) on March 11, 1993 and presented its First National Communication in 1997. The Mexican Congress approved the Kyoto Protocol in April 2000. The National Communication consists of emission inventories, climate-change scenarios and outlines general strategies for GHG mitigation, including elements for improving urban air quality (PROAIRE).  

48. The Project has been designed to fulfill OP 7 (reduce cost of prospective technologies) and OP 11 (sustainable transport) operational guidelines. In relation to OP 7, the project has been designed to test and assimilate fuel cell technology aimed at promoting its full-scale commercialization in Mexico, both for domestic and export markets. Fuel cell technology is currently being proposed as a long-term solution for air quality problems in large urban sites in Mexico, together with a diversified mix of technological options, so as to mitigate the risk of failure or unforeseen design problems. 

49. With respect to OP 11, the long-term effect of commercial scale deployment of fuel cell buses will help to promote a paradigm shift towards low and zero-emission urban transport modalities. As expressed in PROAIRE, urban transport contributes 34% of the airborne pollutants in Mexico City and large reductions in this sector will need to be achieved in order to stabilize the country’s GHG concentrations. 

50. The proposal is also fully consistent with the draft elements for programmatic support for fuel-cell buses, currently under preparation by UNDP. The Mexican project development team actively participated in a workshop held in New York in April 2000, which was financed through a UNEP administered medium-sized grant, “Hydrogen Fuel Cell Buses for Urban Transport”. Workshop goals included: to identify the niche participation of HFCBs together with other GHG mitigation strategies in urban mass transport; to examine development of HFCBs and associated fuel-supply systems; to identify possible FCB commercialization routes; and to identify opportunities and strategies for accelerating commercialization of HFCBs. Lessons learned through the exchange of ideas and experiences of participating countries and suppliers have been included in the current proposal.

51. The Mexican project responds to system-wide GHG balance concerns mentioned in the programmatic strategy by capturing and commercializing the CO2 produced in the reformed natural gas process. The carbon sequestering process will be closely monitored during project implementation to confirm manufactures technical specifications. Additionally, the MCMA’s long-term transport strategy provides a perfect vehicle for a programmatic approach, since it addresses a wide variety of system factors, ranging from the phasing out of inefficient units, providing improved infrastructure, introduction of cleaner combustion technologies (better quality gasoline and diesel, use of natural gas and ethanol), hybrid electric-combustion and duel combustion technologies, and fuel cell technology. Finally, the proposed programmatic criteria for impact, replicability, sector integration, cost sharing, clear success indicators and geographic diversity have been fully addressed and internalized in the Mexican proposal.

4.2 Relations to other Implementing Agencies
52. The World Bank is currently developing with STE on a GEF full-sized project proposal for the design and deployment of a pilot fleet of internal combustion engine-electric hybrid buses. This is consistent with the medium-term goal of gradually phasing out diesel buses in the urban transport fleet, and forms part of the multi-faceted strategy for the transport sector as expressed in PROAIRE. 

53. The former is associated with the second phase of the World Bank loan-financed Air Quality and Transport project. The project will support the expansion and improvement of the metro system, improved traffic management technology and strengthened institutional capacity of the Mexico City Government and the Metropolitan Environmental Commission.

54. UNDP is currently in negotiations with CONCAMIN (National Chamber of Industry) and the Metropolitan Environmental Commission and the Sustainable Development Network to create a contingency fund that would finance the renovation of the private vehicle fleet in the MCMZ. Participating industries would be exempt from reducing their activities during environmental contingencies. 

5. INSTITUTIONAL CONTRIBUTIONS AND STRENGTHENING

5.1 Mexican Contribution

55. Mexican institutions will make major contributions to this project:

· The efforts of the Mexican project team in defining the project, setting the product specifications, negotiating the procurement of equipment and managing the project as a whole.

· Experience in integrated engineering, manufacturing, operation and maintenance of trolley buses.

· Industrial (export) scale production facilities for bus chassis, drive trains and peripherals

· The loan of STE personnel and facilities during the 5 years of operation and analysis of project results.

· Financial and political support to the project.

· Promoting the new technology and reducing its costs elsewhere in Mexico and world-wide

· Making the results of this project available to the global operator and vendor community. 

56. In return, they will be strengthened in:

· The capability to assimilate and manufacture fuel cell buses and hydrogen supply systems in Mexico.

· Their ability to organize and manage the project phases of the program.

· Their visibility and reputation in Mexico, nationally and internationally.

· Their ability to promote broader applications of this and other renewable energy technologies in Mexico and elsewhere, through existing trade and technical assistance agreements.

5.2 Vendor Contribution

57. It is expected that all the vendors selected, as well as their suppliers, contribute in the best possible way with the engineering, manufacturing, technology, and managerial techniques, in order to fulfill the requirements agreed upon. These contributions include, but are not restricted to the following:

· Immediate and long-term commitment to local manufacturing of HFC buses and its associated fueling system.

· A detailed data bank depicting all aspects of the buses and their elements, i.e. design, material and parts procurements, manufacturing, quality assurance, inspection and testing, costing and other items of interest.

· Willingness to improve any aspect of the manufacturing processes, and the intermediate and final products that can result in lower costs, or an improved functioning, maintainability or durability of the latter.

· Continuous commitment towards technological development, safety, materials recycling, waste reduction and a cleaner working environment.

· Willingness to improve their companies’ capabilities as the project evolves into more advanced implementation stages.

58.   The selected vendors are expected to benefit from their participation in this project, on the following aspects:

· Strong leadership on advanced bus manufacturing.

· Strengthening of the company’s business and goodwill.

-
Competitive managerial practices.

· Improvement of production capabilities with low risk and a substantial pay off.

· Strong bidding position for further implementation stages.

· Feedback into their product and process development.

· A reinforced position against other opportunities in Mexico and elsewhere.

5.3 GEF Contribution

59. The bulk of GEF's financial support is aimed to cover part of the incremental costs for procurement of the 10 HFC buses, as their current cost over that of conventional diesel buses represents the greatest barrier to the assimilation of the new technology. This will enable the accelerated commercialization in Mexico of HFCB technology with a substantial impact on GHG. 

60. In return, GEF will be strengthened in:

· Enabling the development of a major low GHG emitting technology for urban public transport, tested under real operating conditions.

· Accelerating HFCB technology costs reductions

· Substantially reducing globally GHG emissions in the long range.

6.   PROJECT RISKS, DESCRIPTION, PREVENTION AND CONTROL

61. The forthright and unbiased identification of risks is necessary to duly prevent or control them during project implementation. At this stage, five major risks have been envisaged, namely: Insufficient and/or inadequate specifications, inadequate procurement process and vendor selection, failure of the vendor to fulfill the specified products and services, increased requirements of resources, and failure of the Mexican institutions to fulfill their commitments. All these risks are examined in detail below.

Risk 1. Incomplete and/or inadequate specification of the products and services needed (first-time experience risk). 

62. This risk may be considered negligible, because of the recent experience gathered by the institutions involved, from the successful production, implementation and testing of a fleet of 200 modern trolley buses for the Mexico City streets. STE leads the Mexican project team, and brings its practical experience with the trolley bus program to bear on the technical challenges presented in the present proposal, and lessons learned will be applied to all aspects relating to the preparation and dissemination of technical specifications for operation and maintenance needs. Control measures: A suitable information and project management system will endow all parties to control this risk. Such a system will be equally useful for controlling all other risks. Consequently, this is regarded as a very low-level risk.

Risk 2. Uncertain vendor participation in procurement process. 

63. An analysis focused on the actual manufacturing capabilities of international and locally based bus manufacturers is aimed at minimizing this risk. Besides, the successful production of the trolley buses cited above makes this risk also small. UNDP as the GEF implementing agency has extensive experience in preparing complicated public bids, contracts and procurement procedures. Control measures: wide dissemination of the objectives and scope of this project, and full consideration of all potential vendors. In the event of a reduced number of potential vendors, co-development and open book costing and productivity improvement techniques, standard in the automotive industry, will be employed for ensuring value for money. Therefore, this is regarded as a low-level risk.

Risk 3. Failure of the vendor to supply the specified products and services. 

64. Full disclosure of requirements will be made available to all potential manufacturers. The prospects of this and other follow up projects will induce the most competitive of current potential manufacturers to rapidly increase their capabilities. Detailed examination of the logistic and quality assurance systems within the feasibility analysis, and sound project management can reduce this risk considerably. Control measures: strict and detailed follow up on the manufacturing milestones and datelines will allow timely corrective actions. Fully transparent charges, fees and penalties will be applied in accordance with Mexican standards to ensure prompt delivery of products and services. This constitutes a low to medium level risk.

Risk 4. Increased requirements of resources. 

65. Unexpected delays in the achievement of critical goals or miscalculations of the resources needed may mean a higher expenditure of money, to keep the project within its time frame. In this respect, again, the experience gathered through the recent trolley bus project would prove to be very useful, since some critical manufacturing and managerial aspects have already been identified. 

66. Besides, the financial issues of this project are expressed in U.S. dollars, that is expected to be more stable than the Mexican peso. Provisions preventing price changes should be included in all bids, especially for cost dependent components. The most recent cost parameters prepared for a proposed HFCB deployment in the European Community have been used as basis for the project cost tables. Local cost controls are well managed through STE’s experience and track record with manufacturers. Control measures: close and detailed follow up of resources expenditures becomes a must. The timely purchase of critical bus components, as well as appropriate bundling of bids should be practiced and properly supervised. Additionally, a 10% contingency line has been included in the budget. With effective provisions and control, this risk is considered to be of low to medium level.

Risk 5. Failure of the Mexican institutions to fulfill their commitments. 

67. Mexican institutions can organize this project with a high degree of autonomy, in order to protect it from political influences. Also, early financial commitments of Mexican institutions will ensure the progress of the project as planned. Clean public transportation services in Mexico City is a top priority for both the local and the federal governments. Control measures: close follows up on financial commitments (amounts and dates). Because of the high priority of this project, the variety of institutional stakeholders and the outcome of recent elections, this is a low risk.

7. STAKEHOLDER PARTICIPATION AND IMPLEMENTATION 

    ARRANGEMENTS

7.1 
Stakeholder Participation in the PDF Phase.

68. The PDF phase of the project has been developed under the guidance of UNDP/GEF with the participation of different Mexican governmental entities, all of which are expected to participate in the implementation phase. Extensive consultations with potential equipment suppliers have been carried out in the course of project development to measure their interest as well as their respective capacities for project implementation.

7.2 
Implementation Arrangements.

69. The following institutions will be involved in the project implementation, either directly or as consultants. All of them were also involved during the PDF phase.

· The GEF implementing agency is UNDP.

· The coordinating and supervising agency is the Transport Secretary of Mexico City government (SETRAVI), which will coordinate the whole project and the interactions of the different parties involved.

· The project is concentrated within the urban area of the Federal District in Mexico City, and will be managed by STE. These agencies are highly interested in the fuel cell technology as a mean to solve the serious environmental problems that the current fleet of diesel buses is generating. Moreover, SETRAVI provides economic and political support for the initiative in order to demonstrate the viability of fuel cell technology to solve part of the environmental pollution problem in Mexico City attributable to the public transportation system.

· The executing agency is STE through delegation from SETRAVI. This agency was chosen because of its experience in handling new technology transportation projects.

· The National Polytechnic Institute – ESIME, University of the Americas in Puebla, UAM, UNAM and other higher engineering faculties might participate as consultant for the project implementation.

· ININ, IIE, IMP, PEMEX, SEMARNAP and other government and academic agencies might participate as technical advisors.

8.  PROJECT INCREMENTAL COSTS AND FINANCIAL ARRANGEMENTS

70. The incremental cost calculations are discussed in detail in Annex A of the proposal. The baseline costs are those that would be encountered by the STE authorities in operating a fleet of 10 diesel buses, to obtain a total of 3.036 millions of vehicle-km over a 5 years demonstration period. As detailed in tables A.1 and A.2, in Annex A, the baseline costs add up to approximately US$ 8.232 million, with a baseline of US$1.422 for Part I and US$6.810M for Part II.

71. The following are the incremental costs associated with Part I:

· the costs of procuring and maintaining the first 3 bus fleet of hydrogen fuel cell buses, compared to that of providing the equivalent transportation capacity through diesel buses.;

· cost of establishing and maintaining the hydrogen fuel infrastructure, compared to the operational costs of the existing diesel fueling infrastructure; and,

· research and information dissemination and exchange activities that will be conducted as part of Part I.

72. The total costs of Part I of the GEF project are estimated at approximately $US10.0002 (not including the PDF B of $0.3395M). The total incremental cost for Part I is $8.5782M. 

Table 7.1. Estimated Budget Allocation for Implementation Part I (1000 US$)
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Investment 

(a)

Operating 

Costs 

(b)

Research & 

Information 

Dissemination 

(c)

Contingencies

Total

GEF

4.2750

0.3000

0.5038

0.0000

5.0788

Private Sector

2.2945

0.1200

0.0400

0.0000

2.4545

Mexican Sources

STE

0.4698

1.7195

0.1525

0.0000

2.3419

Sponsors

0.0000

0.1200

0.0050

0.0000

0.1250

Stage I TOTAL

7.0393

2.2595

0.7013

0.0000

10.0002


Note:

(a) Investment includes purchase of vehicles, reformer, H2 storage, garage modifications, additional power equipment and tools, related monitoring, and facilities.

(b) Operating costs include land rental, natural gas, water, electric power, equipment maintenance, operations and administrative personnel, staff training, vehicle maintenance, facilities maintenance, insurance, route maintenance, and fuel cell stack replacement.

(c) Research and information dissemination includes associated studies; national and international seminars; workshops; and associated salaries and expenses.

73. The following are the incremental costs associated with Part II:

· the costs of procuring an additional 7 buses, and operating and maintaining the 10 bus fleet of hydrogen fuel cell buses, compared to that of providing the equivalent transportation capacity through diesel buses;

· cost of operating and maintaining the hydrogen fuel infrastructure, compared to the operational costs of the existing diesel fueling infrastructure; and,

· research and information dissemination and exchange activities that will be conducted as part of Part II.

74. The total costs of Part II of the GEF project are estimated at approximately $US18.9081. The total incremental cost for Part II is $12.0981M.

Table 7.2. Estimated Budget Allocation for Implementation Part II (1000 US$)
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(c)
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Total

GEF

6.9350

0.0000

0.0000

0.0000

6.9350

Private Sector

1.0205

0.4800

0.1600

0.0000

1.6605

Mexican Sources

STE

0.7350

5.3901

0.6852

0.0000

6.8102

Fares

0.0650

0.0000

0.3094

2.6280

3.0024

Sponsors

0.0000

0.4800

0.0200

0.0000

0.5000

Stage II TOTAL

8.7555

6.3501

1.1746

2.6280

18.9081

 

Note:

(a), (b) and (c) see para. 72. 

75. The costs of the full GEF project (i.e., Part I and II) are estimated at approximately US$ 28.908 million, with a baseline of $8.232. The total incremental costs are therefore estimated at approximately US$ 20.676 millions. 

The breakdown of the project costs is estimated to be as follows:

· STE will contribute with US$ 9.1522 millions in the form of investment (capital costs), facilities, bus operation, maintenance, training, management, equipment, land rental and research.

· STE will contribute also, in cash with US$ 3.0024 millions from their revenue-earnings in the form of future fares from the fuel cell buses.

· The technology providers will contribute in cash with US$ 4.1150 million, which is expected to be transferred to STE.

· The private publicity sponsors will contribute in cash with US$0.625 millions, due to advertisements on the buses. 

· GEF will provide US$12.0138 millions (plus the already committed PDF-B of US$0.33951 millions).

A summary of the total budget, including percentage by contributor, is given in Table 7.3.

Table 7.3. Estimated Budget Allocation for Full Project (1000 US$)


[image: image3.wmf]STAGE I & II

Investment

 (

a)

Operating

Costs

(

b)

Research &

Information

Dissemination

(

c)

Contingencies

Total

GEF

11.2100

0.3000

0.5038

0.0000

12.0138

41.6%

Private Sector

3.3150

0.6000

0.2000

0.0000

4.1150

14.2%

Mexican Sources

STE

1.2048

7.1096

0.8377

0.0000

9.1521

31.7%

Fares

0.0650

0.0000

0.3094

2.6280

3.0024

10.4%

Sponsors

0.0000

0.6000

0.0250

0.0000

0.6250

2.2%

STAGE I & II TOTAL

15.7948

8.6096

1.8759

2.6280

28.9083

100.0%


Note:

(a), (b) and (c) see para. 72. 

The HFCB technology and hydrogen providers, as well as the fuel cell and bus manufacturers are being invited to participate in the financing of the project. This participation would represent an investment in anticipation of returns that they would gain from their participation in this demonstration project and in the future mass deployment of HFCB technology. The negotiation process that involves the private sector in the project is well advanced. The project approval certainly entails a better negotiation position for SETRAVI/STE. According to a maximum private involvement scenario, the private sector will finance 30% of the project. However, as negotiations presently stand, the private contribution is 14.2%.

Any saving realized through STE in the negotiation process, once the project be approved by GEF will be dedicated to further increase its transport fleet with clean and/or near zero emission vehicles.

9. 
MONITORING AND EVALUATION PLAN FOR THE ENTIRE

    

DEMONSTRATION PROJECT

76. The monitoring and evaluation plan consider a set of parameters that includes, inter alia, the configuration of a typical route in Mexico City, sea level, altitude, route length, road quality, number of passengers transported, daily distance traveled, monitoring routines, preventive and predictive maintenance routines, training of the operator, of the maintenance staff training, etc. A proposed benchmark set for the monitoring and evaluation plan is listed below:

· Development of a detailed workplan showing the milestones and benchmarks.

· A proposal for timely execution of specification setting, solicitation and procurement activities for the entire demonstration project in the first year.

· Delivery of fuel facilities (generation, storage and bus supply) and development of the workplan to operate such facilities during the demonstration project.

· Certification of manufacturer’s data on carbon sequestration for natural gas reformers.

· Certification workplan on delivery of the bus fleet prior to operation.

· Preparation of a detailed workplan for commissioning buses, fueling system, spare inventories, software, etc.

· Development of a workplan for preventive and predictive maintenance for the bus fleet.

· Development of a workplan for preventive and predictive maintenance for all the equipment within the facilities.

· Quarterly reports on achievements of hours and kilometers of operation by individual buses and the fleet as a whole.

· Quarterly reports on the availability of vehicles and on fuel consumption.

· Quarterly reports on meantime among failures and failure mode analysis considering both the vehicle and the fueling system.

· Quarterly reports on proposed engineering modifications, if it is concluded that they are needed, and the communication of these to vendors, plus confirmation of actions taken.

· Quarterly reports on operator and maintenance staff training and achievement.

· As it is intended to cover the selected typical route in Mexico city with HFCBs and diesel buses, a comparative analysis is to be done for both type of buses considering the quarterly reports proposed above.

· Annual review of progress towards fuel cell cost reduction, reliability improvement and increased durability.

· Annual records of communication activities and participation in international meetings.

10. LESSONS LEARNED

77. The design of this project has benefited from the experiences of previous fuel cell bus demonstration projects, particularly in the case of Chicago and Vancouver, as reported in “Industrial Progress in Fuel Cell Engine Development, Workshop on Commercialization of Fuel Cell Buses: Potential Roles for the GEF, UN Headquarters, New York City, April 27-28, 2000 (Ref. Ferdinand Panik). Lessons learned include: the statistical degree of confidence decreases when diminishing the sample size, which is why a 10-unit pilot fleet is selected in the Mexican proposal. Likewise, the reliability of technical and operating data depends on focusing on the fleet as a system, rather than on individual unit performance. Thirdly, Chicago Transit Authority's 2-year successful demonstration of three 250kW buses in operation did not run under normal work regimes, rather at 30% availability compared with diesel buses, in spite of the fact that the current technology advance permits sufficient guarantees for more intensive use. In Chicago, only a few minor road calls occurred during the first four months. The following five months saw an increase in failures, however the majority was attributed to non-fuel cell systems. The engine compartment was modified to allow for easier removal and maintenance of fuel cell stacks, and after a year of service, the overall performance improved and reliability is continuing to improve (Ref. Craig Lang, “The Chicago Fuel Cell Experience”, Workshop on Commercialization of Fuel Cell Buses: Potential Roles for the GEF, UN Headquarters, New York City, April 27-28, 2000. Also, the experience of three 120kW HFC bus operating  in the Munich airport was evaluated (Ref. Man in motion 3/2000, pages 36-38). See also Joachim Grosse, “PEM-Fuel Cell Demonstration at Siemens” Workshop on Commercialization of Fuel Cell Buses: Potential Roles for the GEF, UN Headquarters, New York City, April 27-28, 2000. The current proposal will place the HFCBs in a full workload regime in one of the most representative bus routes in Mexico City, allowing for reliable data generation on the durability and endurance of fuel cells under intensive use.
78. Two prototype units were placed in operation in Mexico City in 1997. Both units suffered problems attributable to the high altitude conditions present in Mexico City (2,200 masl). Trouble shooting indicated that the amount of oxygen was insufficient, given that the air intake for the fuel cells was designed to operate efficiently with sea-level atmospheric pressure. The local engineering solution has identified that the compressor used to operate the doors and brakes could be used to increase the oxygen intake pressure to the fuel cells, with an acceptable loss of potential (from 42% to 40%, compared to normal operating potential of 28% for diesel buses). The optimum compression ratio is 760 mmHg/600 mmHg, i.e. 1.26. This pressure increase implies a low power input or the air flow required in the HFC.

79. CNG is handled at several hydrocarbon-processing facilities in Mexico. CNG pipelines are under expansion to eventually supply the most important cities. CNG steam reforming is the basis for all synthesis gas production in the country. Research is underway to increase the sweetening (elimination of H2S and CO2 from the CNG) capacity of PEMEX plants, which will be applied to handling H2 in the project. Likewise, the operation of a compressed natural gas program in Mexico City provides valuable lessons that can be applied to hydrogen management. Currently two CNG fueling stations are operating commercially within the MCMA, with a third under construction. These fueling stations have been used to service a fleet of 480 garbage collection trucks and 650 patrol cars that have been equipped with CNG motors. STE has garnered practical experience through the operation of both CNG and dual combustion CNG-diesel buses that will serve to facilitate fueling operations of HFCB at the STE busyard. 

80. Operation of the trolley bus system in Mexico City has provided key experience in both technical and administrative aspects that can be readily applied to fuel cell technology. To determine failure rates of the current fleet of 450 trolley buses operating in the MCMA, extensive monitoring of a test fleet of 50 trolley buses clocking in 220 kilometers/day for 300 days per year (a total of 3,000,000 km/annum, allowing for high statistical reliability) was carried out. The cost of FCB technology does not permit the deployment of 50 test units, however the demonstration fleet of 10 test HFCB will have traveled the 3,000,000 km necessary for establishing full failure rates, based on the lessons learned from trolley bus deployment.

81. The state oil enterprise PEMEX, has years of experience operating natural gas generation, storage and delivery systems, and is also the country’s largest hydrogen producer. PEMEX complies with both national and international safety standards for natural gas and hydrogen production and management. This experience has allowed for the formation of highly trained technical corps that can be tapped for safe and secure administration of the natural gas reformer. As STE is a transport authority, full, contractual responsibility for the operation and adequate maintenance of the reformer facilities will rest with the service provider. 

82. In recent months the European Union has announced the launching of an ambitious itinerant demonstration of HFCB involving a fleet of 30 units and approximately 80 cities.  This experience has guided the financial analysis assumptions contained in this proposal, and close attention will be paid to issues such as rider comfort and approval rates.
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Annex A: Incremental Costs

Broad Development Goal

The broad development goal being pursued by the Government of Mexico and the STE, besides the provision of public transport services to its urban inhabitants of Mexico City, is to test under actual operating conditions, the new fuel cell technology as applied on urban buses under heavy work.

Baseline

It has being decided by the Mexican Government through STE, to devote a route in Mexico City to the demonstration project for the Hydrogen Fuel Cell Bus. This route crosses over the whole of the city from north to south and vice versa and is a typical one. 40 articulated STE buses plus 130 private firm buses are needed to provide the service. So, 35 STE articulated diesel buses would operate in a business as usual manner. The other required 10 will be HFCBs (1articulated bus = 2 single HFCBs). Any additional service bus requirement for the route will be provided in a business as usual manner by STE.

Based on the distances currently ran in this route over the 5 years testing period and the different HFCBs operating regimes, it has been determined a testing service amounting to 3.036 millions of vehicle-km, and a baseline for this project has been established. The 10 diesel buses which will be substituted by 10 HFCBs, operating for 5 years, as detailed in table A.2, will result in emissions of at least 54.648 tons of carbon monoxide; 39.468 tons of NOx emissions; 3.6432 tons of SOx emissions; 8.8044 tons of HC emissions; and 3339.6 tons of CO2 emissions and 2.4288 tons of particles (A diesel bus in Mexico is estimated to emit for every traveled kilometer 18 g of C0, 13 g of NOx, 1.2 g of SOx, 2.9 g of HC’s, 0.8 g of particles and 1.1 kg of CO2).  New diesel buses operating under normal workloads and fueled with Mexican diesel (50 p/mill sulfur, 3rd lowest sulfur content in the world, and 10th lowest in terms of volatile organic compounds) have been considered as the business-as-usual scenario. While further purchases of trolley buses are planned, their high cost prohibits massive expansion and they will most likely be replaced in the future by HFCB.

It should be pointed out that, despite the great interest of the Mexican Government, the only way of this project to be carried out is with a solid participation of GEF and the private sector as supporting partners, because of its broad technological scope.

Global Environmental Objectives

In accordance with GEF’s Operational Program 7 “reducing the long term costs of low GHG Emitting Energy Technologies”, the global environmental objective of this project is the reduction of greenhouse gas (GHG) emissions from the urban transport sector in Mexico. It is proposed, over the immediate term, a project involving the demonstration and testing of 10 fuel cell buses fueled by hydrogen, obtained from natural gas as a source. It is expected that over a long term, and assuming that this project is satisfactory, it will lead to an increased production of fuel cell propelled buses and eventually, to the reduction in their costs to the point, where they will become commercially competitive with conventional diesel buses. Regarding this objective, this part of the project is consistent with the GEF Operational Program 11 “Promoting Sustainable Transport”.

GEF Project Activities

The GEF project described in this proposal includes the first step of the global project. This project is designed to develop, operate and monitoring the performance of 10 fleet fuel cell buses in Mexico City. It is expected that all these 10 buses will be available for operation at the end of 2002 (with 3 placed in operation in 2001/2 and 7 from year 2002/3 onwards). Necessary operating conditions in Mexico City are contemplated for the buses’ design and it is expected that the 3.036 million vehicle-km demonstration will provide the necessary feedback to bus suppliers for unit optimization, and to establish a firm basis for future, commercial-scale production. This phase of the project will result in the reduction of 3339.6 tons of CO2.

In order to meet the global objective of the project, it is absolutely necessary that GEF, the Mexican Government and the private sector maintain their effort and promote the continuous renovation of fuel cell buses, not only in public transport, but in other sectors as well. In accordance with HFCB industry projections, after a total of 2,000 fuel cell buses have been produced, the costs should fall to being roughly competitive with those of modern, clean diesel buses. 

Costs

The cost of the project is estimated at US$28.9084 millions, of which US$20.6761 millions are considered to be incremental. From this, US$12.0138 millions are provided by GEF.

System Boundary

Although the boundary for  this project heavily relies on the Mexican urban transport sector and more specifically on STE, the project should support and draw upon resources from the global automotive industry. It should also provide important feedback for public transport agencies in other parts of the developing world. It is recognized that one of the most important GEF’s roles is to ensure that the information gathered and experience gained can be shared across national and commercial boundaries. It is felt that this goal is being accomplished.

Additional Benefits
It has been pointed out that the project will demonstrate significant additional local benefits in terms of reduced emission of pollutants dangerous to human health and habitat. Particularly, the project will reduce the emissions of NOx, SOx, CO, HC and particles, as detailed in the incremental cost matrix.

Table A.1 Hydrogen Fuel Cell Bus Project – Part I
(3 HFCB in 2001/2)

Estimation of Costs, Incremental Costs, and Financing

(See Annex D for Project Cost Notes.)

[image: image4.wmf]PROJECT COSTS (US$M)

FCB Project Budget - Part I

Mexican Sources

Part I

Baseline

STE

Fares

Sponsors

Private

GEF

total

Investment

Vehicles (a)

0.255

0.315

0.000

0.000

0.335

4.275

4.925

Reformer (b)

0.000

0.000

0.000

1.600

0.000

1.600

H2 Storage (c) 

0.000

0.000

0.000

0.300

0.000

0.300

Garage Modifications (d) 

0.100

0.100

0.000

0.000

0.000

0.000

0.100

Baseline diesel storage (e)

0.013

0.000

0.000

0.000

0.000

0.000

0.000

Additional Power Equip (f)

0.000

0.000

0.000

0.000

0.000

0.000

Equip and tools (g)

0.075

0.049

0.000

0.000

0.000

0.000

0.049

Monitoring (h)

0.000

0.000

0.000

0.060

0.000

0.060

Furniture Facilities (i)

0.006

0.006

0.000

0.000

0.000

0.000

0.006

Subtotal

0.448

0.470

0.000

0.000

2.295

4.275

7.039

Operating Costs

Land rental (j)

0.144

0.000

0.000

0.000

0.000

0.144

Baseline diesel fuel (k)

0.153

0.000

0.000

0.000

0.000

0.000

0.000

Nat gas (l)

0.134

0.000

0.000

0.000

0.000

0.134

Water (m)

0.149

0.000

0.000

0.000

0.000

0.149

Elect power (n)

0.028

0.000

0.000

0.000

0.000

0.028

Equip maintenance (o)

0.021

0.014

0.000

0.000

0.000

0.000

0.014

Project management (p)

0.000

0.000

0.000

0.000

0.300

0.300

Oper and admin personel (q)

0.470

0.470

0.000

0.000

0.000

0.000

0.470

Monitoring salaries (r) 

0.086

0.000

0.000

0.000

0.000

0.086

Staff training (s)

0.074

0.372

0.000

0.000

0.000

0.000

0.372

Vehicle maint. (parts ) (t)

0.146

0.146

0.000

0.000

0.000

0.000

0.146

Facilit maint (u)

0.029

0.029

0.000

0.000

0.000

0.000

0.029

Insurance (v)

0.046

0.031

0.000

0.000

0.000

0.000

0.031

Route maintenance (w)

0.035

0.115

0.000

0.000

0.000

0.000

0.115

Fuel Cell stack replace (x)

0.000

0.000

0.120

0.120

0.000

0.240

Subtotal

0.974

1.720

0.000

0.120

0.120

0.300

2.260

Research, info dissmenination, etc.

Associated studies and research (y)

0.111

0.000

0.000

0.040

0.504

0.655

National seminars (z)

salaries

0.000

0.000

0.005

0.000

0.000

0.005

fees

0.000

0.000

0.000

0.000

0.000

0.000

International seminars (aa)

salaries

0.004

0.000

0.000

0.000

0.000

0.004

expenses

0.022

0.000

0.000

0.000

0.000

0.022

Other (bb)

salaries

0.004

0.000

0.000

0.000

0.000

0.004

expenses

0.012

0.000

0.000

0.000

0.000

0.012

Workshop in Mexico (cc)

Subtotal

0.153

0.000

0.005

0.040

0.504

0.701

Contingencies (dd)

0.000

0.000

0.000

0.000

0.000

0.000

TOTAL

1.422

2.342

0.000

0.125

2.455

5.079

10.0002


Table A.2 Hydrogen Fuel Cell Bus Project – Part II
(7 additional HFCB, for 10 total, from 2002/3-2005/6)

Estimation of Costs, Incremental Costs, and Financing

(See Annex D for Project Cost Notes.)

[image: image5.wmf]PROJECT COSTS (US$M)

FCB Project Budget - Part II

Mexican Sources

Part II

Baseline

STE

Fares

Sponsors

Private

GEF

total

Investment

Vehicles (a)

0.595

0.735

0.000

0.000

0.781

6.935

8.451

Reformer (b)

0.000

0.000

0.000

0.000

0.000

0.000

H2 Storage (c) 

0.000

0.000

0.000

0.000

0.000

0.000

Garage Modifications (d) 

0.000

0.000

0.000

0.000

0.000

0.000

Baseline diesel storage (e)

0.068

0.000

0.000

0.000

0.000

0.000

0.000

Additional Power Equip (f)

0.000

0.065

0.000

0.000

0.000

0.065

Equip and tools (g)

0.174

0.000

0.000

0.000

0.000

0.000

0.000

Monitoring (h)

0.000

0.000

0.000

0.240

0.000

0.240

Furniture Facilities (i)

0.000

0.000

0.000

0.000

0.000

0.000

Subtotal

0.837

0.735

0.065

0.000

1.021

6.935

8.756

Operating Costs

Land rental (j)

0.576

0.000

0.000

0.000

0.000

0.576

Baseline diesel fuel (k)

2.397

0.000

0.000

0.000

0.000

0.000

0.000

Nat gas (l)

0.538

0.000

0.000

0.000

0.000

0.538

Water (m)

0.598

0.000

0.000

0.000

0.000

0.598

Elect power (n)

0.114

0.000

0.000

0.000

0.000

0.114

Equip maintenance (o)

0.049

0.056

0.000

0.000

0.000

0.000

0.056

Project management (p)

0.000

0.000

0.000

0.000

0.000

0.000

Oper and admin personel (q)

1.880

1.880

0.000

0.000

0.000

0.000

1.880

Monitoring salaries (r) 

0.345

0.000

0.000

0.000

0.000

0.345

Staff training (s)

0.298

0.000

0.000

0.000

0.000

0.000

0.000

Vehicle maint. (parts ) (t)

0.585

0.585

0.000

0.000

0.000

0.000

0.585

Facilit maint (u)

0.115

0.115

0.000

0.000

0.000

0.000

0.115

Insurance (v)

0.108

0.123

0.000

0.000

0.000

0.000

0.123

Route maintenance (w)

0.540

0.460

0.000

0.000

0.000

0.000

0.460

Fuel Cell stack replace (x)

0.000

0.000

0.480

0.480

0.000

0.960

Subtotal

5.972

5.390

0.000

0.480

0.480

0.000

6.350

Research, info dissmenination, etc.

Associated studies and research (y)

0.445

0.254

0.000

0.160

0.000

0.859

National seminars (z)

salaries

0.000

0.002

0.020

0.000

0.000

0.022

fees

0.000

0.054

0.000

0.000

0.000

0.054

International seminars (aa)

salaries

0.017

0.000

0.000

0.000

0.000

0.017

expenses

0.086

0.000

0.000

0.000

0.000

0.086

Other (bb)

salaries

0.014

0.000

0.000

0.000

0.000

0.014

expenses

0.048

0.000

0.000

0.000

0.000

0.048

Workshop in Mexico (cc)

0.075

0.000

0.000

0.000

Subtotal

0.685

0.310

0.020

0.160

0.000

1.175

Contingencies (dd)

0.000

2.628

0.000

0.000

0.000

2.628

TOTAL

6.810

6.810

3.003

0.500

1.661

6.935

18.908


Table A.3 Incremental Cost Matrix


Baseline
GEF Project
Increment

National impact
3.036 millions of bus-km of public transport service provided with DBs.

Diesel fuel consumption continues

54.648 tons CO emissions.

39.468 tons NOx emissions.

3.6432 tons SOx emissions.

8.8044 tons HC emissions.

2.4288 tons of particles.
3.036 millions bus-km of public transport service provided with HFCBs.

Mexican assimilation of FCB technology accelerated.


Zero.

Mexican assimilation of FCB technology accelerated.

Diesel fuel use reduced.

Zero emissions of CO.

Zero emissions of NOx.

Zero emissions of SOx.

Zero emissions of HC 

Zero emissions of particles.

Global impact
Diesel bus emission

3339.6 tons CO2 emissions.

No contribution to fuel cell bus cost reduction and commercialization.
Zero CO2 emissions.

Fuel cell bus cost reduction and commercialization accelerated.

"Mexicanization" of fuel cell bus technology accelerated.
3339.6 tons CO2 emissions avoided.

Fuel cell bus cost reduction and commercialization accelerated.

"Mexicanization" of fuel cell bus technology accelerated.

Cost
PART I: 

STE cash = US$1.422M

PART II: 

STE cash = US$6.81M


PART I:

STE cash = US$2.342M

Sponsors = US$0.125M

Private sector=US$2.4545M

GEF=US$5.079M

PART II:

STE cash = US$6.810M

STE cash (fares) = US$3.0024M

Sponsors = US$0.500M

Private sector= US$1.6605M

GEF= US$6.935M 
PART I:

STE cash = US$0.9200M

Sponsors= US$0.125M

Private sector=US$2.45M

GEF=US$5.079M

PART II:

STE cash (fares)=US$3.0024 M

Cash private sponsors = US$0.500M

Private sector = US$1.6605M

GEF = US$6.935M




Total = US$8.2322M
Total = US$28.9084M
Total = US$20.6762 millions

Annex B: Logical Framework Matrix

Project strategy
Objectively verifiable success indicator
Means of verification
Assumptions

Development objective: (in 2010)

GHG emissions in Mexico will be reduced through massive use of a new energy source and propulsion technology for urban buses based upon fuel cells operating on hydrogen
1,496,140 tons of CO2 emissions avoided as a result of project replication phases.

Accelerated hydrogen fuel cell buses (HFCBs) international cost reduction due to accelerated commercialization and indirect climate change benefits related thereto

A demonstrated national capacity for manufacturing, operating and commercializing in national and international markets HFCBs
Phases 2 and 3 technical progress reports

International price catalogues and trends

HFCBs technical and environmental performance reports
GoM continues to support the development of alternative transport modalities.

HFCB technology proves to be commercially and technically feasible.

Market prices of technology continue to drop



Immediate objective 1: (in 2005)

The operational viability of fuel cell drives in urban buses, together with the requisite re-fuelling infrastructure, under Mexican conditions demonstrated through the initial operational test of 10 HFCBs 
10 nationally-manufactured buses operating under day to day conditions over a period of 5 years 

A volume operation of 3 million of vehicle-km by the end of the project

HFCB cost reduction attributable to this project 


Project plans and project reports

Final project report

Ex post data obtained from national and international prices obtained in public bidding and information from bus manufacturers


Technology is fully assimilated in Mexican industrial processes

Demo HFCB work regime aligns to estimate standards

Third party actors outside Mexico go through with planned HFCB purchase 

PART I




Output 1:

Significant demonstration of the procurement of FCBs and their refueling infrastructure under Mexican conditions


Bids are received and contracts are negotiated with and awarded to the selected suppliers. Initial required infrastructure is put in place.
Annual report and final project reports
The procurement process is adequate so that the buses can therefore be commercially produced.

PART II




Output 2:

A fleet of 10 hydrogen fuel cell buses operated over a period of 5 years to obtain reliable information on its environmental performance


3,340 tons CO2 emissions avoided in 5 years 

40 tons NO emissions avoided 

4 tons SO emissions avoided 

9 tons HC emissions avoided 

2 tons of particles avoided
HFCB environmental performance reports based on end-of-pipeline emissions monitoring system and reformed natural gas process including carbon sequestration
The procurement process is adequate and the vendor deliver inputs on time

Full service regime is maintained for pilot fleet, with continuous monitoring and evaluation.

Built-in carbon sequestration process for reformed natural gas works appropriately

Metropolitan air quality monitoring system continues to provide reliable information on airborne pollutants.

Output 3:

A significant demonstration of technological, manufacturing capacities and operational viability of fuel cell drives in urban buses and their refueling infrastructure under Mexican conditions 
An above standards customer satisfaction


A client satisfaction survey
Unfounded fears does not affect users acceptance


Above standards physical performance indexes 


Physical performance monitoring system 
Natural gas distribution system is adequate and reliable


A minimum work regime of 2,080 hours per year for the first 3 buses and of 3,840 hours for the following 7 buses
HFCB work regime sheets
Work regime is feasible and diligently followed


An average rate of 1700 km between roads calls for maintenance


Road call reports
Vendors provide continuous and timely technical support as part of their contracts. Number of injuries is equal to bus standards


An acceleration performance from 0 to 30 km/h in 10.95 seconds 
Prototype test reports
Speed acceleration prove to be in line with pre-feasibility test


A hydrogen supply system installed and in operation 
Engineering final reports and fields visits
National private sector meets the appropriate commitments on time


Average energy: efficiency conversion rate of at least 40% (adjusted for Mexico City altitude of 2,200 meters above sea level) as compared with 28% in diesel buses
Energy conversion diagrams


Technical specifications are correct.


An average of 3.57 kWh energy consumption per km traveled as compared with 5.71 for diesel buses
Consumption and refueling monitoring sheets
Average energy consumption prove to be in line with pre-feasibility test



Output 4:

A cadre of bus operators and staff trained in the operation, maintenance and management of fuel cell buses


30 operators trained in the operation of HFCB 
Theoretical-practical knowledge survey after training
Bus operators and users assimilate new technology technical peculiarities


Less than 2 technical failures per 1,000 km 


Maintenance technical reports
Technical failures are in line with international prototype test 


20 professionals trained in maintenance and specific electric management of HFCB


Theoretical-practical knowledge survey after training.


Suppliers provide good quality technical training as part of their contract 

Output 5: 

A substantial body of knowledge accumulated on reliability, failure modes, and opportunity permits to undertake an awareness campaign aiming at creating an enabling environment for future FCB market development
The following reports produced and disseminated:

(a) An appraisal of Mexican manufacturing process 

(b) HFCB prototypes and series test certification 

(c) HFCB technological performance appraisal

(d) HFCB operation analysis 

(e) HFCB maintenance analysis 

(f) HFCB environmental appraisal 

(g) Demand and Supply status of HFCB technology 

(h) HFCB demonstration project management

(i) Cost and benefits of non-polluting transport in Megacities. The case of Mexico City

(j) The politics and economics of bus replacement

(k) Mexico City air pollution diagnosis and solution alternatives

(l) Air pollution and health in Mexico City

(m) Economics of mass hydrogen pollution for transport
Technical Report, project report and publications
Reporting process and synthesis methodology accurate and followed diligently.

Monitoring equipment accurate and functioning.




6 seminars and 3 workshops held for demo results dissemination
Project progress report
Demo results are positive as expected


Relevant decision makers and stakeholders aware of project results and policy proposals
Project progress reports and meeting minutes
Political support for clean technologies is stable and favorable regulations come into action

Annex C: STAP Roster Technical Review

Marc Ross

Physics Dept., University of Michigan

[Note: the project has been updated since the STAP review, therefore the paragraph and page number references below may be outdated]

A. General comments on Mexico’s proposal

1. Summary of review:  Overall this is an exciting proposal for GEF, involving a promising new technology and impressive level of collaboration by organizations in Mexico. However, so many different activities are called for that I am concerned by the optimism of the proposal: It is a demonstration project involving a new technology system with which there is very little experience anywhere.  With this limited experience, chance factors can easily make the difference between success and failure. I am particularly concerned by the meagerness of detail in the proposal about the fuelling infrastructure.  CNG experience would be very valuable, but there appears to be none, only a pending program.  In addition, a brief description of the domestic manufacturing program should included, with some information on components likely to be made in Mexico vs. those imported and when.

2. Specific comments: Mexico City may have the most severe air pollution among large metropolitan areas in the world, so the motivation for the proposed program is strong. It's a good idea to replace old buses (items 11 &15-17), but it may be a poor idea to use diesel buses as the replacement. Study of diesel trucks in the US suggests that as the vehicles age, they become high particulate emitters as a result of wear and bad maintenance. However, depending on how the electricity is generated, the introduction of more trolley buses (15) is probably an excellent move.

3. The key issue for this proposal is that this (bus and system) is new technology. Experience to date with HFCBs is very limited.  The Chicago Transit Authority's 2-year successful demonstration, just concluded with 3 Ballard/XCELLSIS buses, is the most important relevant experience (www.transitchicago.com/news).  But one demonstration leaves a great deal of uncertainty about the use of the technology under different conditions. According to INFORM's study Bus Futures, chapter 7: "As of Jan.1, 2000, fewer than five fuel cell buses were operating in the US;" and "It is unclear at this point what the operational and maintenance costs of these buses will be, or even what operational and maintenance issues will arise." (www.informinc.org/busfutr.pdf)

4. Domestic manufacture (starting in 2005?) is an excellent component to the proposal for political and economic reasons.  But would the fuel cell engine and the power electronics controller continue to be imported? These expensive components continue to be under development at present. The on-board controller of the fuel cell electricity would be different from that in a trolley bus.  The proposal is unclear as to the manufacture of the first 10 HFCBs.  Annex B objective 1 suggests they will be made in Mexico.  Is that wise?  The schedule, with its 3 or 4 year hiatus in delivery of buses, wouldn't seem ideal.  The heavy maintenance schedule (item 16 of sect. 1.3) would provide good learning opportunities.

5. The design of the HFCBs is not a major concern for this proposal, since it's in the hands of some of the best endowed manufacturers in the world, and they have already produced a few successful buse7s.  Compressed air is normally used to improve PEM fuel cell performance.  Is there a problem associated with Mexico City's high altitude?  There may be some management issues associated with the ongoing pace of development.  How effective can the "stack replacement firm"  (item 16, sect. 1.3) be under these conditions?

6. The cost and reliability projections are highly uncertain (item 21 and item 16 of sect. 1.3).  Is there adequate funding in case these are over optimistic?

7. The fuelling infrastructure is my biggest concern.  It is mentioned, but without any details or emphasis in the proposal.  Handling of hydrogen, in particular its storage and transfer, is challenging because of its very low density, propensity to leak and perhaps contamination with water.  And of course there are safety issues, not necessarily more serious than for conventional fuels, but different.  Enclosed spaces can be very dangerous. It will be very important to gain experience.  It is unfortunate that there is no experience with CNG, which although easier to handle than hydrogen, is somewhat similar in these respects.

8. To make the best use of experience, it is important to centralize the production and fuelling at a single site for the initial years.  (Compare "garages" in item 10.)  It would be undesirable to ship hydrogen, at least at first.  The range of HFCBs between refuelling is indicated to be 400 km, easily handled with once-a-day slow refueling.  Presumably there would be no problem in finding an appropriate site for the production/fuelling.

9. The production of hydrogen from natural gas is not a challenge. Undoubtedly there is large-scale hydrogen production at some Mexican petroleum refineries.  If this proposal would not involve building a custom plant, a package facility might be available.  Requiring CO2 sequestration is good, but there may be problems in achieving it, so perhaps it shouldn't be a requirement of the project at first.

10. The research component (24) is important for dealing with the unexpected as well as for improving and diffusing the technology.

11. A quick estimate confirms the essential accuracy of the CO2 reductions stated in the Summary and in Annex B Output 2.  For the estimation of reductions in other pollutants, the HFCB is not the critical vehicle.  One has to know the comparison vehicle and its emissions and the assumed sulfur content of its fuel, which are not stated, as such.  The comparison vehicle should be a good modern vehicle, not an average old vehicle.

B. Comments on alternative clean transport strategies

1. An after thought. It is customary for most people at this time to look to radical new technology, such as fuel cell propulsion and CNG, for cleaner vehicles.  A new fuel or technology that can be named carries a cachet and it is completely correct that truly major reduction in greenhouse gas emission requires radical technology.  But substantial reductions could be obtained with incrementally improved conventional technology.

2. First, there are major opportunities to improve the energy efficiency and greenhouse gas emissions of urban road vehicles which are subject to stop and go driving.  Many ways have been developed in the past decade to improve the efficiency of conventional vehicles at low load. Manufacturers have been slow to adopt them in their production vehicles, but they work and are coming.

3. Second, lifetime emissions of the local/regional pollutants (CO, NOx, HCs and probably particulates) from new gasoline-fuelled cars and light trucks meeting industrialized countries' standards are now so low as to not be a concern.  This comment is based on careful examination of emissions in actual use rather than those measured under certification conditions.  This achievement is due to the maturity of catalytic cleanup of the exhaust. And the excellent emissions performance is robust. In the US, it holds up as far as it is measured, i.e. to 300,000 km.  One would need to confirm that for other countries like Mexico.  This achievement has been obscured by the continuing presence on the road of many high emitting vehicles ten years old and more.

4. Conclusion:  One of the diverse set of measures taken in megacities should be adoption of gasoline-fuelled vehicles meeting stringent specifications.

Summary of Evaluation Against Criteria for Assessing FCB Proposals

[Please note that the information in italics presented below has been added only to provide context to the STAP review.]

1. Climate Change Impact:  As the primary objective of GEF activities is to reduce GHG emissions, all demonstration projects--as well as plans for follow-on projects--must demonstrate a favorable GHG balance on a system-wide basis.

The climate change impact is good, a reduction in GHG emissions. (Note that the GHG emissions in the manufacturing and other phases should be small compared to the operating reductions.)  However, this is a demonstration program of a quite new technology.  Thus the consequences of the small demonstration, as such, are minor.  Moreover, it is highly uncertain whether the demonstration will be so successful, including moderate costs for the follow-on HFCB system, that the new technology will be widely adopted on a time schedule like that indicated.  If it is successful, the GHG reductions would be large.

2. Replication Potential:  Proposals should include preliminary “action plans” for follow-up deployment in the host country bus market and related bus markets elsewhere in the region and globe.  Proposals should present clearly how GEF funds will influence follow-on private sector investments for low carbon options in transportation.  

With the caveats just stated about the uncertainty of outcome, I speculate that the potential for replication within each country is good, largely because of the domestic bus manufacturing involvement. Replication in other countries is much more doubtful and would at best be slow.

3. Integration in Plans for Rationalization of Urban Transport Systems: Given the uncertainty in technological developments and alternative futures, all participating countries would be well advised to pursue a number of opportunities to improve the urban transport system.  The fuel-cell bus demonstrations must build upon and complement the other activities being implemented in the urban transport sector.

The integrated plan for rationalizing urban transport is ambitious for Cairo and much less so for Mexico City.  I am not impressed by conventional diesel buses; unlike gasoline automobiles, we don't know if modern diesel vehicles are really clean and what their lifetime emissions will be. Of course only the briefest descriptions are included in the proposals. The list of endeavors for Cairo is impressive.

4. Cost Sharing:  The development and utilization of fuel-cell buses will have multiple benefits for the global environment; for the local environment; for the local economy and for private industry.  In an ideal situation, the costs of these initiatives would be shared between governments (both local and national); industry; and the GEF.

In both cases the cost sharing is impressive, with less private sector involvement in Egypt than Mexico.

5. Clarity of Indicators to be Used to Measure Success:  Another important criteria will be the clarity of indicators proposed for measuring the success and failure of the project.

The indicators of success are not clear in either case, because there are so many.  For example, among the potential indicators are bus availability, hydrogen dispensing availability, maintenance costs, manufacturer performance, cost of buses beyond the 5-year program, etc. For this reason, this criterion might be a cause for concern.  Both proposals provide for assessment (item 44 for Mexico, task 4 for Egypt).

6. Geographic Diversity:  The GEF programmatic intervention will target only the major bus markets of the world.  It will seek to avoid duplication and potential overlap in choosing countries in which to support demonstration efforts.  Each proposal will have to demonstrate that not only does it target a significant bus market, but that it is the center of a regional or sub-regional bus manufacturing industry.

I'm not an expert on this, but, as I remarked in (3), replication in other countries will not be easy.  This technology is more expensive up front, and it primarily offers societal benefits.  The benefits to individuals, firms and government units are diffuse.

Annex C1: Response to STAP Technical Review

Overall, the STAP review found this to be an exciting proposal for GEF, involving a promising new technology and impressive level of collaboration by organizations in Mexico. The STAP reviewer has thoroughly reviewed the Project Brief and related annexes, and had a number of valuable comments. The comments provided center on the following aspects of hydrogen fuel cell technology and management, as related to the Mexican context. The project team has incorporated the comments and relevant background information as described in the matrix found below.

Additional comments provided by the STAP reviewer regarded clean transport strategies involving the use of gasoline. As noted in the section on PROAIRE in the project brief, the Mexico City Greater Metropolitan Area has begun work to promote the renovation of the private car fleet circulating in Mexico City. Regulation has required catalytic converters in cars and light trucks made or commercialized in Mexico since 1993. Gasoline quality has constantly been upgraded in Mexico, with the unleaded Magna product comparing favorably to U.S. standards and above most European standards. Microbuses generally use gasoline, however implementation of the long-term strategy will replace these with larger capacity diesel buses over time, and current strategies point towards wider use of CNG in microbuses. The long-term strategy for public transport includes the parallel development and deployment of modern diesel buses, hybrid (diesel-electric), dual (diesel-CNG), CNG and fuel cell buses. In the context of the current proposal, a clean transport strategy for private vehicles is considered to be a vital component of to the public transport strategy.

Please refer to the following table for a detailed response to STAP reviewer comments. This table addresses each comment, providing additional explanation and describing where in the document relevant information or updates can be found.

Response to STAP Technical Review Matrix

[Note: the project has been updated since the STAP review, therefore the paragraph and page number references below may be outdated]

STAP review issue
Addressed
Location in document

1. General comments on Mexico’s proposal

(1st paragraph) Requests more detail on fuelling infrastructure available in Mexico, and suggests that experience with management of compressed natural gas would be helpful 
1. The government of Mexico City has significant experience, installed capacities and infrastructure in CNG management:

· 2 CNG fuelling stations are currently in operation in Mexico City

· Fleet of 480 CNG garbage collection trucks and 650 CNG patrol cars

· STE has carried out successful technical tests of both CNG and dual CNG-Diesel buses

· CNG steam reforming is the basis for all synthesis gas production in the country.

2. Hazard and operation analysis (HAZOP) undertaken during project development determined that dispenser characteristics in terms of technology and maintenance are outstanding:

· Best technology available is considered

· Garage is considered as open sheds

· NG is 8 times heavier than H2 and density difference promotes the dispersion of H2 in the atmosphere mitigating accumulation risks.  
Paragraph 11, page 3; paragraph 13, pages 3-4; paragraph 73, page 22

(1st paragraph) Requests information on which components can be manufactured in Mexico 
3. Local engineering capacity has proven to be very strong. Out of 200 trolleybuses purchased by STE between 1997 and 1999:

· 196 trolley buses of 200 partially manufactured and totally assembled in Mexico

· 3 international electronic drive train companies have production facilities in Mexico. 

4. Local manufacturing proposed in the project (Assembly, chassis and bus body manufacturing, mechanical and compressed air system for suspension construction,  during demo, is considered to have many advantages, including: 

· Lower costs, 

· Increased local experience and

· Local appropriation of technology and lower maintenance costs.

5. By the year 2005 the power electronics digitally controlled system will also be made in Mexico.




(2nd paragraph) Requests clarification on long-term strategy for diesel vs. Trolleybuses, and points out that diesel motors tend to be highly polluting in later stages of life cycle 
6. The Government of Mexico City has taken a multi-faceted approach to clean transport, including CNG buses, hybrid buses, dual buses, and trolleys.

7. Short-term measure of replacement of microbuses for diesel buses is based on the following:

· Cost efficiency: Elevated cost of a trolleybus 3 times that of an EPA 2000 standard diesel bus

· System-wide environmental impact: National power supply 75% dependent on fossil fuels.
Paragraph 1-3, page 1; paragraph 14, page 4; paragraph 37, page 9; Annex A, page A-1

(3rd paragraph) Degree of certainty of use of new technology under different conditions in terms of operational and maintenance costs.
8. Adequate results for maintenance and operational costs were presented by Chicago, Munich and Vancouver in the Workshop held in April, 2000 in NYC. 
Paragraph 71, page 21

(4th paragraph) Requests information on which components are likely for national fabrication, which will continue to be imported 
9. Local engineering capacity has proven to be very strong. Out of 200 trolleybuses purchased by STE between 1997 and 1999:

· 196 trolley buses of 200 partially manufactured and totally assembled in Mexico

· 3 international electronic drive train companies have production facilities in Mexico. 

10. Local manufacturing proposed in the project (Assembly, chassis and bus body manufacturing, mechanical and compressed air system for suspension construction,  during demo, is considered to have many advantages, including: 

· Lower costs, 

· Increased local experience and

· Local appropriation of technology and lower maintenance costs.

11. By the year 2005 the power electronics digitally controlled system will also be made in Mexico.
Paragraph 22, page 6

(5th paragraph) Requests info on the effects of altitude on fuel cell performance. Requests info on how service providers can react to rapidly changing market conditions 
12. The proposal has already considered this issue:

· Lessons learned from two-unit test of HFCB in Mexico City have contributed to the proposed engineering solution

· The air pressure supply to the HFCB is being corrected by a compressor in Mexico 

· Testing in high altitude metropolitan area will generate practical, global benefits.
Summary, page 1; paragraph 34, page 8; paragraph 72, page 21-22

(6th paragraph) Asks if cost projections are reasonable, and what contingency plan is if cost projections come under. 
13. This is considered under the risk analysis carried out during project preparation:

· Variety of HFCB technology providers have been consulted

· Most recent available cost parameters have been incorporated into the project cost tables

· Bidding process in Mexico expected to obtain important concessions

· Local cost controls are well managed

· 10% contingency line has been established in the project budget.
Paragraph 62, page 16; paragraph 67, page 18; paragraph 76, page 22

(7th paragraph) Requests more information on installed capacity for hydrogen management, and what risk management techniques are considered. Points out once again that experience with compressed natural gas would be useful 
14. Practical experience from CNG management and installed industrial hydrogen production capacity has been incorporated into project design (see items 1 and 2 above)

· Risk management guaranteed by commercial producer

· PEMEX has broad experience

· Reformer plant will have to comply with national and international standards

· Many hydrogen-producing companies exist. 


Paragraph 75, page 22

(8th paragraph) Requests clarification on what facility(ies) are planned for recharge (is it one or more garages) 
15. A single garage will be used for HFCB

16. A signed memorandum of understanding between Environment Secretary of Mexico City government and STE exists for the establishment of an appropriate natural gas station:

· Reformer installation complies with norms

· Site is near natural gas pipeline, eliminating transport risk

· Hydrogen will be produced on site for fuelling

· Fueling station is open-air. 
Paragraph 11, pg. 3

(9th paragraph) Suggests postponing carbon sequestration in the hydrogen production from reformed natural gas process as a project requirement at first
17. CO2 sequestration process is highly desirable from the very initiation of the demonstration project, in spite of its high cost.

· Service provider guarantees near-zero emissions

· Emissions will be monitored closely.
Paragraph 15, page 4; paragraph 25, page 6; paragraph 38, page 10; paragraph 47, page 13 

(11th paragraph) Requests more detail on what the “control” vehicle is for comparative purposes, and requests technical specs of Mexican diesel (sulfur content), pollution parameters, age of “control” vehicle, etc.
18. Diesel buses are considered to be the control vehicle because they constitute the business-as-usual scenario in Mexico City. 

· “Comparison vehicles” considered in this project re last generation EPA 2000-standard 9 to 12-meter diesel buses 

· RTP is set to purchase 500 EPA 2000 standard diesel buses to enable operational and environmental comparison 

· Mexican diesel fuel is currently 3rd cleanest in the world in sulfur content (50p/mill), and 10th cleanest in volatile organic compounds.
Paragraph 70, page 22, Annex A, page A1

2. General comments concerning clean transport strategy

(4th paragraph) One of the diverse set of measures taken in megacities should be the adoption of gasoline- fueled vehicles meeting stringent specifications


19. See introduction above
Paragraph 3, page 1

3. Specific comments on Criteria

(1st paragraph) Climate change impact
20. Positive comment, see location in document.
Summary, and Annex A and B

(2nd paragraph) Replication
21. Positive comment, see location in document.
Paragraph 16, page 4; Paragraph 35, page 9

(3th paragraph) Integration in urban transport strategy
22. See answers above.
Paragraph 1-3, page 1

(4th paragraph) Cost-sharing
23. Please refer to specific references.
Summary, paragraph 37, page 10

(5th paragraph) Success indicators
24. The Mexican project includes technical and environmental performance indicators for all outputs.

25.  Nevertheless the key success indicator of the project at the immediate objective level is the Mexican contribution to cost-abatement of a proven, clean technology.
Paragraph 37, page 10; paragraph 70, page 23, logical framework annex

(6th paragraph) Geographical diversity
26. Export capacity favors replication in other countries based on proven Mexican manufacturing capacities in transport sector.

27. Negotiations with manufacturers continue to reduce up-front risks and costs.

28. From investment perspective, up-front costs are not a significant consideration as life-cycle cost.
Paragraph 22, page 6; paragraph 31 page 9

Annex D: Notes on Project Costs

(a) Purchase of 10 HFC buses at the price of US$ 1.425 millions each for the first three, and US$ 1.300 for each one of the remaining 7. 

(b) Quoted purchased cost for a reformer plant installed in Mexico City, based on communication with reformer manufacturing plant producers. The quotation includes all the facilities for H2 production, like high-pressure compressor, steam boiler, water treatment system, emergency power generator and the reformer plant itself.

(c) Quoted purchased costs of H2 storage

(d) Garage modifications, based on Mexican building experience and necessities communicated by STE and reformer producers.

(e) Baseline diesel storage provided by STE.

(f) Cost of electrical equipment to handle additional power supply to the existing garage facilities.

(g) Estimated from actual experience on managing the trolleybus fleet by STE and talks with HFCB manufacturers.

(h) Estimated costs of monitoring and measurement equipment.

(i) This item is considered within the baseline, it estimates cost furniture facilities.

(j) Land rental is considered an in-kind contribution of STE for natural gas reforming and refueling facilities sites.

(k) Estimated cost of the diesel fuel for 10 buses, for the 5 years period of the baseline, based on STE experience on managing a bus fleet.

(l) Estimated cost for the 5 years period of the demonstration project based on communication with reformer manufacturing plants producers, cost of natural gas needed to be fed to the reformer plant; this natural gas is to be supplied by PEMEX from an existing pipe, located nearby the garage facilities.

(m) Estimated cost for the 5 years period of the demonstration project based on communication with reformer plant producers, water for cracking and cooling is to be supplied from public services in Mexico City.

(n) Average electricity price estimated at $0.026 kWh. It considers only the power necessities to operate the reformer plant equipment.

(o) Item considered within baseline and transferred to the cost of the project.

(p) Project management cost estimation for the demonstration period.

(q) Operating and administrative personal based on STE experience, HFCB manufacturers and the FCS replacement strategy.

(r) The monitoring and evaluation plan of the project has been estimated taking as a basis similar activities that are usually carried out on STE. Additionally, a special department is going to be created with the objective to follow up closely the HFCB fleet performance.

(s) A provision has been made within the baseline for training activities. It is expected that this provision will be sufficient for the necessities of the fuel cell buses.

(t) Vehicle maintenance parts as considered within the base line. This item has been transferred to the cost of the project as it is considered to be sufficient for the HFCBs project.

(u) Facilities maintenance as considered within the base line. This item has been transferred to the cost of the project as it is considered to be sufficient for the HFCBs project.

(v) A provision has been made for insurance payments.

(w) A provision has been made for route maintenance.

(x) Fuel cell stack replacement with costs estimated by stack providers.

(y) Estimated costs for studies and research to be made during the demonstration project.

The costs in USD of the research projects are depicted below:

HFBC Mexican manufacturing process optimization. (2 years).
       $50,000 per year, 2 years = $100,000

HFCB Prototypes and Series tests certification. (3 years).

Energy Conversion, Mechanical, Electrical, and Control
$50,000 per year, 3 years = $150,000

HFCB Technological Performance. (3 years).
$50,000 per year, 3 years = $150,000

HFCB Operation Analysis. (2 years).
$50,000 per year, 2 years = $100,000

HFCB Maintenance Analysis. (2 years) 
$50,000 per year, 2 years = $100,000

HFCB Demonstration Project Management. (2 years)
$50,000 per year, 2 years = $100,000

Demonstration Project Environmental Analysis. (3 years)
$50,000 per year, 3 years = $150,000

Demand and Supply of HFCB Technology (2 years).
$50,000 per year, 2 years = $100,000

Costs and Benefits of non-polluting transport in Megacities.   

The case of Mexico City. (2 years)
$50,000 per year, 2 years = $100,000

The Politics and Economics of Bus Replacement. (3 years)
$50,000 per year, 3 years = $150,000

Diagnostic and Solution Alternatives to Mexico City Air Pollution. (2 years)
$50,000 per year, 2 years = $100,000

Air Pollution and Health in Mexico City. (2 years)
$50,000 per year, 2 years = $100,000

Economics of Mass Hydrogen Production for Transport  (2 years)
$50,000 per year, 2 years = $100,000


Total = $1,500,000

(z) Participation in three seminars per year (each 3 days long) in 3 different years of the demonstration period. Attendance by 10 persons, which means 270 person-days, equivalent to 9 person-months, the estimated salary being US$3, 000/month leads to US$27,000. On top of that, seminar registration is estimated to be US$750/person, that is 90 x 750 = US$67,500. 

(aa) Participation in three seminars per year in 3 different years of the demonstration period, each attended by two persons. One week time commitment, with a salary of $5,000/month: 3x3x2x5000/4.3 = US$20,930. Air tickets plus per-diem US$4,000/person trip. Total travel expenses = US$72,000 seminar registration US$2,000/person per seminar = US$36,000.

(ab)  Assuming 5 person trips (1 week each) per year in 3 different years of the demonstration period; $4,000/person trip for air ticket and expenses gives US$60,000. Salary is US$5,000x15/4.3 for a total of US$17441.86

(ac) Workshops organized and held at STE to share project information with national and international organizations and individuals. One workshop per year in 3 different years of the demonstration period at US$25,000.

(ad) Contingencies are assumed to be 10% of total project cost.
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		FCB: Egypt and Mexico

		Approach taken for splitting the projects up into tranches

		Let

		A = cost of the first three FCBs

		B = other costs to be covered by the GEF

		C = total GEF amount (not including the PDF B amount)

		D = cost of the PDF B

		Therefore

		Phase I = A + B + D

		Phase II = C + D - (A + B + D)

		EGYPT																MEXICO

		A		4.275														A		4.275

		B		1.5545														B		0.3

		B		0.2														B		0.5038

		B		0.16														sum of B		0.8038

		sum of B		1.9145														A + B		5.0788

		A + B		6.1895														C		12.0138

		C		11.914														D		0.3395

		D		0.32														C+D		12.3533

		C+D		12.234														A + B + D =		5.4183		Phase I (including PDFB)

		A + B + D =		6.5095		Phase I (including PDFB)														5.0788		Phase I (excluding PDFB)

				6.1895		Phase I (excluding PDFB)												C + D - (A + B + D) =		6.935		Phase II

		C + D - (A + B + D) =		5.7245		Phase II														12.3533		Total Incl PDFB

				12.234		Total Incl PDFB

		EGYPT CO-FINANCING																MEXICO CO-FINANCING												PROPOSED Phasing						Phase I										Phase II

		Component		UNDP		Equip Supplier		Gov't		TOTAL		Phase I		Phase II		Rationale		Investment		STE		Private		Fares		Sponsors		TOTAL		Phase I		Phase II		Rationale		STE		Private		Fares		Sponsors		Phase I total		STE		Private		Fares		Sponsors		Phase I total

		Bus purchase		0.119		1.58		2.912		4.611		1.729125		2.881875		3/8th for Phase I		Vehicles		1.05		1.115						2.165		0.6495		1.5155		3/10th for Phase I		0.315		0.3345		0		0		0.6495		0.735		0.7805		0		0		1.5155

		H2 Facility		0.179				0.862675		1.041675		1.041675				in year 1		Reformer				1.6						1.6		1.6				in year 1		0		1.6		0		0		1.6		0		0		0		0		0

		O&M				0.636999		1.991048		2.628047		0.5256094		2.1024376		1/5th for Phase I		H2 Storage				0.3						0.3		0.3				in year 1		0		0.3		0		0		0.3		0		0		0		0		0

		Proj Management		0.333				0.437393		0.770393		0.1540786		0.6163144		1/5th for Phase I		Garage Modifications		0.1								0.1		0.1				in year 1		0.1		0		0		0		0.1		0		0		0		0		0

		Sustainability Program		0.155				0.580863		0.735863		0.1471726		0.5886904		1/5th for Phase I		Additional Power Equip						0.065				0.065		0.065				in year 1		0		0		0.065		0		0.065		0		0		0		0		0

		M&E								0		0		0		1/5th for Phase I		Equip and tools		0.0493								0.0493		0.0493				in year 1		0.0493		0		0		0		0.0493		0		0		0		0		0

		Contingency						1		1		0.2		0.8		1/5th for Phase I		Monitoring				0.3						0.3		0.06		0.24		1/5th for Phase I		0		0.06		0		0		0.06		0		0.24		0		0		0.24

		TOTALS		0.786		2.216999		7.783979		10.786978		3.7976606		6.9893174				Furniture Facilities		0.0055								0.0055		0.0055				in year 1		0.0055		0		0		0		0.0055		0		0		0		0		0

																				1.2048		3.315		0.065		0		4.5848		2.8293		1.7555				0.4698		2.2945		0.065		0		2.8293		0.735		1.0205		0		0		1.7555

		Component		UNDP		Phase I		Phase II		TOTAL								Operating Costs

		Bus purchase		0.119		0.044625		0.074375		0.119								Land rental		0.72								0.72		0.144		0.576		1/5th for Phase I		0.144		0		0		0		0.144		0.576		0		0		0		0.576

		H2 Facility		0.179		0.179				0.179								Nat gas		0.672								0.672		0.1344		0.5376		1/5th for Phase I		0.1344		0		0		0		0.1344		0.5376		0		0		0		0.5376

		O&M								0								Water		0.7472								0.7472		0.14944		0.59776		1/5th for Phase I		0.14944		0		0		0		0.14944		0.59776		0		0		0		0.59776

		Proj Management		0.333		0.0666		0.2664		0.333								Elect power		0.1423								0.1423		0.02846		0.11384		1/5th for Phase I		0.02846		0		0		0		0.02846		0.11384		0		0		0		0.11384

		Sustainability Program		0.155		0.031		0.124		0.155								Equip maintenance		0.0703								0.0703		0.01406		0.05624		1/5th for Phase I		0.01406		0		0		0		0.01406		0.05624		0		0		0		0.05624

		M&E				0		0		0								Oper and admin personel		2.35								2.35		0.47		1.88		1/5th for Phase I		0.47		0		0		0		0.47		1.88		0		0		0		1.88

		Contingency				0		0		0								Monitoring salaries		0.4318								0.4318		0.08636		0.34544		1/5th for Phase I		0.08636		0		0		0		0.08636		0.34544		0		0		0		0.34544

		TOTALS		0.786		0.321225		0.464775		0.786								Staff training		0.372								0.372		0.372				in year 1		0.372		0		0		0		0.372		0		0		0		0		0

																		Vehicle main		0.7313								0.7313		0.14626		0.58504		1/5th for Phase I		0.14626		0		0		0		0.14626		0.58504		0		0		0		0.58504

		Component		Equip Supplier		Phase I		Phase II		TOTAL								Facilit maint		0.144								0.144		0.0288		0.1152		1/5th for Phase I		0.0288		0		0		0		0.0288		0.1152		0		0		0		0.1152

		Bus purchase		1.58		0.5925		0.9875		1.58								Insurance		0.1535								0.1535		0.0307		0.1228		1/5th for Phase I		0.0307		0		0		0		0.0307		0.1228		0		0		0		0.1228

		H2 Facility				0				0								Route maintenance		0.5752								0.5752		0.11504		0.46016		1/5th for Phase I		0.11504		0		0		0		0.11504		0.46016		0		0		0		0.46016

		O&M		0.636999		0.1273998		0.5095992		0.636999								Fuel Cell stack replace				0.6				0.6		1.2		0.24		0.96		1/5th for Phase I		0		0.12		0		0.12		0.24		0		0.48		0		0.48		0.96

		Proj Management				0		0		0										7.1096		0.6		0		0.6		8.3096		1.95952		6.35008				1.71952		0.12		0		0.12		1.95952		5.39008		0.48		0		0.48		6.35008

		Sustainability Program				0		0		0								Research, info dissmenination, etc.

		M&E				0		0		0								Associated studies and research		0.5563		0.2		0.2399				0.9962		0.19924		0.79696		1/5th for Phase I		0.11126		0.04		0.04798		0		0.19924		0.44504		0.16		0.19192		0		0.79696

		Contingency				0		0		0								national seminars

		TOTALS		2.216999		0.7198998		1.4970992		2.216999								salaries						0.002		0.025		0.027		0.0054		0.0216		1/5th for Phase I		0		0		0.0004		0.005		0.0054		0		0		0.0016		0.02		0.0216

																		fees						0.0675				0.0675		0.0135		0.054		1/5th for Phase I		0		0		0.0135		0		0.0135		0		0		0.054		0		0.054

		Component		Gov't		Phase I		Phase II		TOTAL								International seminars										0

		Bus purchase		2.912		1.092		1.82		2.912								salaries		0.0209								0.0209		0.00418		0.01672		1/5th for Phase I		0.00418		0		0		0		0.00418		0.01672		0		0		0		0.01672

		H2 Facility		0.862675		0.862675				0.862675								expenses		0.108								0.108		0.0216		0.0864		1/5th for Phase I		0.0216		0		0		0		0.0216		0.0864		0		0		0		0.0864

		O&M		1.991048		0.3982096		1.5928384		1.991048								Other										0

		Proj Management		0.437393		0.0874786		0.3499144		0.437393								salaries		0.0175								0.0175		0.0035		0.014		1/5th for Phase I		0.0035		0		0		0		0.0035		0.014		0		0		0		0.014

		Sustainability Program		0.580863		0.1161726		0.4646904		0.580863								expenses		0.06								0.06		0.012		0.048		1/5th for Phase I		0.012		0		0		0		0.012		0.048		0		0		0		0.048

		M&E				0		0		0								Workshop in Mexico		0.075								0.075				0.075		in year 2 or later												0.075		0		0		0		0.075

		Contingency		1		0.2		0.8		1										0.8377		0.2		0.3094		0.025		1.3721		0.25942		1.11268				0.15254		0.04		0.06188		0.005		0.25942		0.68516		0.16		0.24752		0.02		1.11268

		TOTALS		7.783979		2.7565358		5.0274432		7.783979								Contingencies						2.628				2.628				2.628		in year 2 or later		0		0		0		0		0		0		0		2.628		0		2.628

																		TOTALS		9.1521		4.115		0.3744		0.625		16.8945		5.04824		11.84626				2.34186		2.4545		0.12688		0.125		5.04824		6.81024		1.6605		2.87552		0.5		11.84626

		Egypt Summary																										TOTAL		Phase I		Phase II

		GEF		Implementation Stage 1		6.190

				PDF B		0.295												Mexico Summary

				PDF A		0.025												GEF		Implementation Stage 1		5.0788

				Implementation Stage 2		5.724														PDF B		0.3395

				GEF Sub-total		12.234														Implementation Stage 2		6.9350

																				GEF Sub-total		12.3533

		Co-financing		Implementation Stage 1

				UNDP		0.321												Co-financing		Implementation Stage 1

				Equip Supplier		0.720														Government-STE		2.3419

				Gov't		2.757														Fares STE		0.1269

																				Private Sponsors		0.1250

				Implementation Stage 2																Private Sector		2.4545

				UNDP		0.465														Implementation Stage 2

				Equip Supplier		1.497														Government-STE		6.8102

				Gov't		5.027														Fares STE		2.8755

																				Private Sponsors		0.5000

				Co-financing Sub-total		10.787														Private Sector		1.6605

																				Co-financing Sub-total		16.8945

				Total Project Cost		23.021

				Project Cost (not incl PDF)		22.701														Total Project Cost		29.2478

																				Project Cost (not incl PDFB)		28.9083

		Egypt and Mexico Implementation Stage 1 Summary

		Egypt		Implementation Stage 1		6.190

				PDF B		0.295

				PDF A		0.025

				Total		6.510

		Mexico		Implementation Stage 1		5.0788

				PDF B		0.3395

				Total		5.4183

				FCB Total for January Submission		11.93





Summary

		

																												Baseline		1.422

				Investment		Operating Costs		Research & Information Dissemination		Contingencies		Total				STAGE I		Investment (a)		Operating Costs (b)		Research & Information Dissemination (c)		Contingencies		Total		IC

		GEF														GEF		4.2750		0.3000		0.5038		0.0000		5.0788		5.0788

		Stage I		4.275		0.3		0.5038		0		5.0788				Private Sector		2.2945		0.1200		0.0400		0.0000		2.4545		2.4545

		PDF B		0		0		0		0		0.3395				Mexican Sources

		Stage II		6.935		0		0		0		6.935				STE		0.4698		1.7195		0.1525		0.0000		2.3419		0.9199

		GEF Total		11.21		0.3		0.5038		0		12.3533				Sponsors		0.0000		0.1200		0.0050		0.0000		0.1250		0.1250

		Private Sector														Stage I TOTAL		7.0393		2.2595		0.7013		0.0000		10.0002		8.5782		8.5782

		Stage I		2.2945		0.12		0.04		0		2.4545																Baseline		6.81

		Stage II		1.0205		0.48		0.16		0		1.6605				STAGE II		Investment (a)		Operating Costs (b)		Research & Information Dissemination (c)		Contingencies		Total

		Private Sector Total		3.315		0.6		0.2		0		4.115				GEF		6.9350		0.0000		0.0000		0.0000		6.9350		6.9350

		Mexican Sources														Private Sector		1.0205		0.4800		0.1600		0.0000		1.6605		1.6605

		STE - Stage I		0.4698		1.71952		0.15254		0		2.34186				Mexican Sources

		Fares - Stage I		0.065		0		0.06188		0		0.12688				STE		0.7350		5.3901		0.6852		0.0000		6.8102		0.0002

		Sponsors - Stage I		0		0.12		0.005		0		0.125				Fares		0.0650		0.0000		0.3094		2.6280		3.0024		3.0024		9.8126

		STE - Stage II		0.735		5.39008		0.68516		0		6.81024				Sponsors		0.0000		0.4800		0.0200		0.0000		0.5000		0.5000

		Fares - Stage II		0		0		0.24752		2.628		2.87552				Stage II TOTAL		8.7555		6.3501		1.1746		2.6280		18.9081		12.0981		20.6763

		Sponsors - Stage II		0		0.48		0.02		0		0.5

		Mexican Sources Total		1.2698		7.7096		1.1721		2.628		12.7795				STAGE I & II		Investment (a)		Operating Costs          (b)		Research & Information Dissemination (c)		Contingencies (d)		Total

																GEF		11.2100		0.3000		0.5038		0.0000		12.0138		41.6%

		Stage I Total		7.1043		2.25952		0.76322		0		10.12704				Private Sector		3.3150		0.6000		0.2000		0.0000		4.1150		14.2%

		Stage II Total		8.6905		6.35008		1.11268		2.628		18.78126				Mexican Sources

		TOTAL		15.7948		8.6096		1.8759		2.628		28.9083				STE		1.2048		7.1096		0.8377		0.0000		9.1521		31.7%

		TOTAL including PDF B		15.7948		8.6096		1.8759		2.628		29.2478				Fares		0.0650		0.0000		0.3094		2.6280		3.0024		10.4%

																Sponsors		0.0000		0.6000		0.0250		0.0000		0.6250		2.2%

																STAGE I & II TOTAL		15.7948		8.6096		1.8759		2.6280		28.9083		100.0%
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		FCB: Egypt and Mexico

		Approach taken for splitting the projects up into tranches

		Let

		A = cost of the first three FCBs

		B = other costs to be covered by the GEF

		C = total GEF amount (not including the PDF B amount)

		D = cost of the PDF B

		Therefore

		Phase I = A + B + D

		Phase II = C + D - (A + B + D)

		EGYPT																MEXICO

		A		4.275														A		4.275

		B		1.5545														B		0.3

		B		0.2														B		0.5038

		B		0.16														sum of B		0.8038

		sum of B		1.9145														A + B		5.0788

		A + B		6.1895														C		12.0138

		C		11.914														D		0.3395

		D		0.32														C+D		12.3533

		C+D		12.234														A + B + D =		5.4183		Phase I (including PDFB)

		A + B + D =		6.5095		Phase I (including PDFB)														5.0788		Phase I (excluding PDFB)

				6.1895		Phase I (excluding PDFB)												C + D - (A + B + D) =		6.935		Phase II

		C + D - (A + B + D) =		5.7245		Phase II														12.3533		Total Incl PDFB

				12.234		Total Incl PDFB

		EGYPT CO-FINANCING																MEXICO CO-FINANCING												PROPOSED Phasing						Phase I										Phase II

		Component		UNDP		Equip Supplier		Gov't		TOTAL		Phase I		Phase II		Rationale		Investment		STE		Private		Fares		Sponsors		TOTAL		Phase I		Phase II		Rationale		STE		Private		Fares		Sponsors		Phase I total		STE		Private		Fares		Sponsors		Phase I total

		Bus purchase		0.119		1.58		2.912		4.611		1.729125		2.881875		3/8th for Phase I		Vehicles		1.05		1.115						2.165		0.6495		1.5155		3/10th for Phase I		0.315		0.3345		0		0		0.6495		0.735		0.7805		0		0		1.5155

		H2 Facility		0.179				0.862675		1.041675		1.041675				in year 1		Reformer				1.6						1.6		1.6				in year 1		0		1.6		0		0		1.6		0		0		0		0		0

		O&M				0.636999		1.991048		2.628047		0.5256094		2.1024376		1/5th for Phase I		H2 Storage				0.3						0.3		0.3				in year 1		0		0.3		0		0		0.3		0		0		0		0		0

		Proj Management		0.333				0.437393		0.770393		0.1540786		0.6163144		1/5th for Phase I		Garage Modifications		0.1								0.1		0.1				in year 1		0.1		0		0		0		0.1		0		0		0		0		0

		Sustainability Program		0.155				0.580863		0.735863		0.1471726		0.5886904		1/5th for Phase I		Additional Power Equip						0.065				0.065		0.065				in year 1		0		0		0.065		0		0.065		0		0		0		0		0

		M&E								0		0		0		1/5th for Phase I		Equip and tools		0.0493								0.0493		0.0493				in year 1		0.0493		0		0		0		0.0493		0		0		0		0		0

		Contingency						1		1		0.2		0.8		1/5th for Phase I		Monitoring				0.3						0.3		0.06		0.24		1/5th for Phase I		0		0.06		0		0		0.06		0		0.24		0		0		0.24

		TOTALS		0.786		2.216999		7.783979		10.786978		3.7976606		6.9893174				Furniture Facilities		0.0055								0.0055		0.0055				in year 1		0.0055		0		0		0		0.0055		0		0		0		0		0

																				1.2048		3.315		0.065		0		4.5848		2.8293		1.7555				0.4698		2.2945		0.065		0		2.8293		0.735		1.0205		0		0		1.7555

		Component		UNDP		Phase I		Phase II		TOTAL								Operating Costs

		Bus purchase		0.119		0.044625		0.074375		0.119								Land rental		0.72								0.72		0.144		0.576		1/5th for Phase I		0.144		0		0		0		0.144		0.576		0		0		0		0.576

		H2 Facility		0.179		0.179				0.179								Nat gas		0.672								0.672		0.1344		0.5376		1/5th for Phase I		0.1344		0		0		0		0.1344		0.5376		0		0		0		0.5376

		O&M								0								Water		0.7472								0.7472		0.14944		0.59776		1/5th for Phase I		0.14944		0		0		0		0.14944		0.59776		0		0		0		0.59776

		Proj Management		0.333		0.0666		0.2664		0.333								Elect power		0.1423								0.1423		0.02846		0.11384		1/5th for Phase I		0.02846		0		0		0		0.02846		0.11384		0		0		0		0.11384

		Sustainability Program		0.155		0.031		0.124		0.155								Equip maintenance		0.0703								0.0703		0.01406		0.05624		1/5th for Phase I		0.01406		0		0		0		0.01406		0.05624		0		0		0		0.05624

		M&E				0		0		0								Oper and admin personel		2.35								2.35		0.47		1.88		1/5th for Phase I		0.47		0		0		0		0.47		1.88		0		0		0		1.88

		Contingency				0		0		0								Monitoring salaries		0.4318								0.4318		0.08636		0.34544		1/5th for Phase I		0.08636		0		0		0		0.08636		0.34544		0		0		0		0.34544

		TOTALS		0.786		0.321225		0.464775		0.786								Staff training		0.372								0.372		0.372				in year 1		0.372		0		0		0		0.372		0		0		0		0		0

																		Vehicle main		0.7313								0.7313		0.14626		0.58504		1/5th for Phase I		0.14626		0		0		0		0.14626		0.58504		0		0		0		0.58504

		Component		Equip Supplier		Phase I		Phase II		TOTAL								Facilit maint		0.144								0.144		0.0288		0.1152		1/5th for Phase I		0.0288		0		0		0		0.0288		0.1152		0		0		0		0.1152

		Bus purchase		1.58		0.5925		0.9875		1.58								Insurance		0.1535								0.1535		0.0307		0.1228		1/5th for Phase I		0.0307		0		0		0		0.0307		0.1228		0		0		0		0.1228

		H2 Facility				0				0								Route maintenance		0.5752								0.5752		0.11504		0.46016		1/5th for Phase I		0.11504		0		0		0		0.11504		0.46016		0		0		0		0.46016

		O&M		0.636999		0.1273998		0.5095992		0.636999								Fuel Cell stack replace				0.6				0.6		1.2		0.24		0.96		1/5th for Phase I		0		0.12		0		0.12		0.24		0		0.48		0		0.48		0.96

		Proj Management				0		0		0										7.1096		0.6		0		0.6		8.3096		1.95952		6.35008				1.71952		0.12		0		0.12		1.95952		5.39008		0.48		0		0.48		6.35008

		Sustainability Program				0		0		0								Research, info dissmenination, etc.

		M&E				0		0		0								Associated studies and research		0.5563		0.2		0.2399				0.9962		0.19924		0.79696		1/5th for Phase I		0.11126		0.04		0.04798		0		0.19924		0.44504		0.16		0.19192		0		0.79696

		Contingency				0		0		0								national seminars

		TOTALS		2.216999		0.7198998		1.4970992		2.216999								salaries						0.002		0.025		0.027		0.0054		0.0216		1/5th for Phase I		0		0		0.0004		0.005		0.0054		0		0		0.0016		0.02		0.0216

																		fees						0.0675				0.0675		0.0135		0.054		1/5th for Phase I		0		0		0.0135		0		0.0135		0		0		0.054		0		0.054

		Component		Gov't		Phase I		Phase II		TOTAL								International seminars										0

		Bus purchase		2.912		1.092		1.82		2.912								salaries		0.0209								0.0209		0.00418		0.01672		1/5th for Phase I		0.00418		0		0		0		0.00418		0.01672		0		0		0		0.01672

		H2 Facility		0.862675		0.862675				0.862675								expenses		0.108								0.108		0.0216		0.0864		1/5th for Phase I		0.0216		0		0		0		0.0216		0.0864		0		0		0		0.0864

		O&M		1.991048		0.3982096		1.5928384		1.991048								Other										0

		Proj Management		0.437393		0.0874786		0.3499144		0.437393								salaries		0.0175								0.0175		0.0035		0.014		1/5th for Phase I		0.0035		0		0		0		0.0035		0.014		0		0		0		0.014

		Sustainability Program		0.580863		0.1161726		0.4646904		0.580863								expenses		0.06								0.06		0.012		0.048		1/5th for Phase I		0.012		0		0		0		0.012		0.048		0		0		0		0.048

		M&E				0		0		0								Workshop in Mexico		0.075								0.075				0.075		in year 2 or later												0.075		0		0		0		0.075

		Contingency		1		0.2		0.8		1										0.8377		0.2		0.3094		0.025		1.3721		0.25942		1.11268				0.15254		0.04		0.06188		0.005		0.25942		0.68516		0.16		0.24752		0.02		1.11268

		TOTALS		7.783979		2.7565358		5.0274432		7.783979								Contingencies						2.628				2.628				2.628		in year 2 or later		0		0		0		0		0		0		0		2.628		0		2.628

																		TOTALS		9.1521		4.115		0.3744		0.625		16.8945		5.04824		11.84626				2.34186		2.4545		0.12688		0.125		5.04824		6.81024		1.6605		2.87552		0.5		11.84626

		Egypt Summary																										TOTAL		Phase I		Phase II

		GEF		Implementation Stage 1		6.190

				PDF B		0.295												Mexico Summary

				PDF A		0.025												GEF		Implementation Stage 1		5.0788

				Implementation Stage 2		5.724														PDF B		0.3395

				GEF Sub-total		12.234														Implementation Stage 2		6.9350

																				GEF Sub-total		12.3533

		Co-financing		Implementation Stage 1

				UNDP		0.321												Co-financing		Implementation Stage 1

				Equip Supplier		0.720														Government-STE		2.3419

				Gov't		2.757														Fares STE		0.1269

																				Private Sponsors		0.1250

				Implementation Stage 2																Private Sector		2.4545

				UNDP		0.465														Implementation Stage 2

				Equip Supplier		1.497														Government-STE		6.8102

				Gov't		5.027														Fares STE		2.8755

																				Private Sponsors		0.5000

				Co-financing Sub-total		10.787														Private Sector		1.6605

																				Co-financing Sub-total		16.8945

				Total Project Cost		23.021

				Project Cost (not incl PDF)		22.701														Total Project Cost		29.2478

																				Project Cost (not incl PDFB)		28.9083

		Egypt and Mexico Implementation Stage 1 Summary

		Egypt		Implementation Stage 1		6.190

				PDF B		0.295

				PDF A		0.025

				Total		6.510

		Mexico		Implementation Stage 1		5.0788

				PDF B		0.3395

				Total		5.4183

				FCB Total for January Submission		11.93





Summary

		

																												Baseline		1.422

				Investment		Operating Costs		Research & Information Dissemination		Contingencies		Total				STAGE I		Investment (a)		Operating Costs (b)		Research & Information Dissemination (c)		Contingencies		Total		IC

		GEF														GEF		4.2750		0.3000		0.5038		0.0000		5.0788		5.0788

		Stage I		4.275		0.3		0.5038		0		5.0788				Private Sector		2.2945		0.1200		0.0400		0.0000		2.4545		2.4545

		PDF B		0		0		0		0		0.3395				Mexican Sources

		Stage II		6.935		0		0		0		6.935				STE		0.4698		1.7195		0.1525		0.0000		2.3419		0.9199

		GEF Total		11.21		0.3		0.5038		0		12.3533				Sponsors		0.0000		0.1200		0.0050		0.0000		0.1250		0.1250

		Private Sector														Stage I TOTAL		7.0393		2.2595		0.7013		0.0000		10.0002		8.5782		8.5782

		Stage I		2.2945		0.12		0.04		0		2.4545																Baseline		6.81

		Stage II		1.0205		0.48		0.16		0		1.6605				STAGE II		Investment (a)		Operating Costs          (b)		Research & Information Dissemination (c)		Contingencies (d)		Total

		Private Sector Total		3.315		0.6		0.2		0		4.115				GEF		6.9350		0.0000		0.0000		0.0000		6.9350		6.9350

		Mexican Sources														Private Sector		1.0205		0.4800		0.1600		0.0000		1.6605		1.6605

		STE - Stage I		0.4698		1.71952		0.15254		0		2.34186				Mexican Sources

		Fares - Stage I		0.065		0		0.06188		0		0.12688				STE		0.7350		5.3901		0.6852		0.0000		6.8102		0.0002

		Sponsors - Stage I		0		0.12		0.005		0		0.125				Fares		0.0650		0.0000		0.3094		2.6280		3.0024		3.0024		9.8126

		STE - Stage II		0.735		5.39008		0.68516		0		6.81024				Sponsors		0.0000		0.4800		0.0200		0.0000		0.5000		0.5000

		Fares - Stage II		0		0		0.24752		2.628		2.87552				Stage II TOTAL		8.7555		6.3501		1.1746		2.6280		18.9081		12.0981		20.6763

		Sponsors - Stage II		0		0.48		0.02		0		0.5

		Mexican Sources Total		1.2698		7.7096		1.1721		2.628		12.7795				STAGE I & II		Investment (a)		Operating Costs          (b)		Research & Information Dissemination (c)		Contingencies (d)		Total

																GEF		11.2100		0.3000		0.5038		0.0000		12.0138		41.6%

		Stage I Total		7.1043		2.25952		0.76322		0		10.12704				Private Sector		3.3150		0.6000		0.2000		0.0000		4.1150		14.2%

		Stage II Total		8.6905		6.35008		1.11268		2.628		18.78126				Mexican Sources

		TOTAL		15.7948		8.6096		1.8759		2.628		28.9083				STE		1.2048		7.1096		0.8377		0.0000		9.1521		31.7%

		TOTAL including PDF B		15.7948		8.6096		1.8759		2.628		29.2478				Fares		0.0650		0.0000		0.3094		2.6280		3.0024		10.4%

																Sponsors		0.0000		0.6000		0.0250		0.0000		0.6250		2.2%

																STAGE I & II TOTAL		15.7948		8.6096		1.8759		2.6280		28.9083		100.0%
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