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Executive Summary 
Project Overview 
LTK Engineering Services has been tasked by Contract PO 02808 to conduct a feasibility study for the 
Regional Transportation Authority (RTA) of alternative energy fuels for use in the diesel fuel powered 
locomotive fleet of their partner commuter rail agency, the Northeast Illinois Regional Commuter 
Railroad Corporation, conducting business as Metra. The objective is to weigh the benefits of potential 
fuel savings and emissions reductions of a diesel fuel alternative with the capital and recurring costs, 
facilities impacts, safety considerations, operational requirements, governing regulations and return on 
investment for consideration in a full or partial fleet conversion.  

The project has been defined in the contract by four major tasks, with the scope of each major task to 
be provided in a report following the Contract scope of work, which provides a logical sequence of tasks 
that lead to a final comprehensive report. Task 1 was the project kickoff meeting with RTA’s Steering 
Committee to review the project scope and timeline, committee member responsibilities, and data 
collection needs which was held at RTA’s offices on October 3rd, 2018.  

Task 2 comprises the documentation of best practices and existing conditions related to the most viable 
alternative energy fuel technology that can be applied to Metra’s diesel locomotive fleet. This includes a 
survey of Metra’s fueling facilities and shops, interviews with Metra staff, and the review of Metra 
supplied data, along with researching and documenting the best practices of industry proven locomotive 
alternative energy fuel projects; and identifying promising approaches that have been successfully put 
into practice applicable to Metra’s locomotive fleet. 

Task 3 comprises a feasibility analysis for the most viable alternative energy fuel options at both a pilot 
program and system wide level. This includes identifying all necessary locomotive modifications, fueling 
facility concepts for safely storing and handling the fuel, an analysis of associated regulatory 
requirement and safety hazards, a determination of impact to routes and schedules, fueling operations, 
inspections, maintenance, and applicability of current and proposed EPA emissions standards. A 
financial ‘break even’ analysis was provided weighing any potential estimated fuel savings with the 
capital cost of locomotive conversion, fueling infrastructure, safety devices, additional maintenance 
costs and service constraints, if any. Potential environmental benefits and funding sources were also 
identified. 

All of the above information is combined into the Task 4 final report which also includes a summary of 
steps that Metra would need to take to implement the alternative fuel, along with potential costs and 
possible funding sources. 
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Best Practices and Initial Conditions 
The Task 2 Report, Best Practices and Initial Conditions, focused on documenting Metra’s current 
practices regarding locomotive fuel consumption, fueling operations and infrastructure; the available 
alternative fuels and their relevance, availability and service history in locomotive rail applications; the 
most viable fuel considering Metra’s locomotive fleet makeup and available technology on the market 
today; and governing regulations, codes and standards for the alternative fuel. Additionally, contacts 
were made with the most knowledgeable, relevant and experienced suppliers of compressed natural gas 
(CNG) equipment in the rail industry. This report made the following conclusions: 

• Natural gas/dual fuel is the most viable alternative fuel based on railroad operating service 
history and supporting technology, with no impact to locomotive performance, as would be 
seen with a conversion to 100% natural gas, either liquid natural gas (LNG) or compressed 
natural gas (CNG). 

• Currently NG (natural gas) fuel savings on a per gallon basis is on the order of $1.50 - $2.00 as 
compared to diesel fuel, based on Metra’s current diesel and NG pricing differential.  However, 
this does not consider the capital cost of CNG processing (compression) equipment to increase 
the gas density to allow for onboard storage, as well as other costs related to facilities 
modifications, potential changes to operation and maintenance, safety considerations and the 
meeting of regulatory requirements. 

• Of the two options available (LNG & CNG), CNG is the most adaptable to Metra’s fleet due to its 
portability, and the cost and availability of CNG refueling infrastructure, when compared to LNG. 
It should be noted that LNG locomotive conversions have required a separate rail car (tender) 
for storage, this would not be compatible with existing Metra operations. 

• Adaptation of CNG to Metra’s four districts and refueling facilities will be a challenge due to 
space constraints but may be feasible in some locations. BNSF and UP would also need to be 
partners in the process. 

• There are several suppliers of prime mover engine conversion technology for dual fuel. 

• There are several suppliers of CNG on-site compression, refueling and storage equipment. 

• Onboard storage is a challenge, even for CNG, given the limited space available within the 
locomotive. 

• There are numerous regulations, codes and standards for CNG equipment as a result of the 
natural gas vehicle (NGV) industry. 

• The Federal Railroad Administration (FRA) requires any railroad planning to convert their 
locomotive fleet to an alternative fuel to submit a project plan, including a test plan and 
milestone schedule, as well as a system safety plan, a hazard analysis and a number of other 
supporting documents. 

• Additional work was identified for the investigation of an onboard fuel storage approach, better 
understanding CNG refueling operations and sizing of on-site facilities, and the development of 
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a financial model supporting a break- even analysis; these were conceptually developed in the 
Task 3 report. 

 

Feasibility Analysis and Conversion Details 
The Task 3 report, Feasibility Analysis and Conversion Details, investigated commercially available CNG 
storage and refueling equipment, determined possible operating ranges given the variables of fuel 
consumption rate, trip distances, locomotive daily range and available onboard storage capacity. Dual 
fuel equipment suppliers were queried regarding locomotive conversion and fueling details. 

An operating scenario for the Milwaukee District was developed from a simulation model based on 
actual train performance data (i.e., event recorder data) for the Chicago Union Station (CUS) to Fox Lake 
route. Potential refueling locations were surveyed for both mid-day refueling as well as overnight 
refueling which now becomes a requirement due to limited onboard CNG storage on the locomotives 
that were evaluated.  

Modifications to Metra’s facilities were also investigated to meet NFPA (National Fire Protection 
Association) requirements for servicing locomotives with onboard CNG. Federal Railroad Administration 
(FRA) mandated test planning and safety related documentation were studied and summarized. A 
financial break-even analysis was conducted based on estimated capital costs. Reduction in NOx (oxides 
of nitrogen) and PM (particulate matter) were estimated based on the operating simulation combined 
with the expected substitution rate for CNG. Several potential state and federal sources were identified 
for funding a portion of the conversion costs; the primary aim of most of the funding sources is 
reduction of diesel exhaust emissions, which the CNG conversion would enable. 

This portion of the report re-iterates the findings, conclusions and next steps that Metra would need to 
take to implement a locomotive dual fuel program.  

The Milwaukee district was studied in detail as part of the feasibility study. The Milwaukee District lent 
itself well to the feasibility study for the following reasons: 

• The daily travel distances are typical of Metra’s routes. 

• The quantity of locomotives utilized (38) approximated the number of locomotives available in 
Metra’s fleet which are viable candidates for dual fuel conversion (at mid-life or less), namely 
the MP36PH-3C, the F59PH and the recently acquired F59PHI. 

• This district is fully within Metra’s control unlike the UP and BNSF districts, allowing greater 
flexibility in implementation. 

• There is potential for a substitution of approximately 4MM gallons of diesel fuel with CNG and 
an annual fuel cost savings of $6.5MM annually, based on the diesel-CNG pricing differential of 
$1.60 used in this report. 

• Good operational model data already existed for the CUS to Fox Lake route. 
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• The Milwaukee District (or one of its routes) could be used as a pilot program for evaluating 
CNG conversion before deploying on a larger scale. Also, a more limited scale than what was 
presented herein could also be executed as an evaluation project. 

Feasibility for conversion of Metra’s entire fleet in other operating districts was not evaluated due to 
uncertainty of what type of locomotive will replace the approximately 100 F40’s that are nearing end of 
useful life. Metra may choose to replace these with new Tier 4 locomotives; dual fuel conversion has not 
been applied to any of the currently available Tier 4 commuter locomotives at the time of this report.  

A preliminary evaluation was conducted of Metra’s major locomotive maintenance facilities (Western 
Avenue and the 47th Street shops) for compliance to safely handle CNG equipped locomotives, and a 
preliminary survey of potential space envelopes for CNG refueling stations at all of Metra’s mid-day and 
overnight layover facilities was also provided. From this study the following conclusions can be made: 

• The Milwaukee District Operating Scenario demonstrates the feasibility of a dual fuel operation; 
however, some operational challenges have been identified.  

• The most impactful issue identified is that on-board CNG storage capacity is a limiting factor 
with Metra’s current fleet of F59PH, F59PHI and MP36 locomotives due to limited space in the 
carbody and underframe areas. Initial capacity based on available onboard space was estimated 
to be on the order of 300 DGE of CNG and up to 1,000 gallons of diesel fuel, when utilizing a 
novel underframe combination storage tank concept proposed by one of the refueling station 
suppliers. Additional above-deck CNG storage may be possible but would require a major 
reconfiguration of the equipment in the car body. Some reconfiguration of underframe 
equipment would also likely be required to accommodate the larger fuel tank. 

o At the estimated substitution rate of 65% CNG, these locomotives would be limited by 
the on-board CNG, which would be consumed at an average rate of 2.2 DGE per mile, 
based on the CUS-Fox Lake run simulation. 

o Because of the onboard CNG storage limitation, the MDN study identified a necessary 
overnight refueling scenario. This drives additional costs to install and maintain the 
overnight fueling stations and additional staff to perform the fueling. Weekend refueling 
would also be required. Metra currently has no need to refuel at remote sites and can 
typically operate some locomotives throughout the weekend without refueling. 

o Also because of the onboard CNG storage limitation, conversion of the separate diesel 
HEP engine was not considered. If more onboard CNG storage were available, the diesel 
HEP engines could be replaced with 100% CNG fueled engines allowing an even greater 
rate of diesel fuel substitution (another 20%) and additional reduction of exhaust 
emissions. 

o Although the CNG storage is limited, the larger volume of onboard diesel storage 
combined with its reduced usage, would ensure that even if all of the onboard CNG 
were consumed, the nature of the dual fuel engine allows it to run on diesel only. 
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o It is noted that the recently acquired EMD SD70MAC (proposed freight conversion to 
passenger service) locomotives would have greater CNG and diesel onboard storage 
capability (550 DGE of CNG and 2,000 gallons of diesel) and would be less limited in 
range than the smaller commuter locomotives (if converted). Per Metra, it is not 
planned to utilize these locomotives on the Milwaukee district. 

• In the case of Metra’s mid-day refueling locations, large buffer storage of CNG (up to 10,000 
DGE) would be required to expedite the mid-day refueling which will require a large footprint. 
The site survey shows 3 of the 4 possible fueling locations on the Milwaukee District appears to 
have available space for installation of the CNG fueling and storage equipment with further 
assessment needed for the Western Avenue location. There are also several potential locations 
on the other districts presenting challenges.  

• In the case of the Milwaukee District, if space is available, CNG refueling could be accomplished 
at the Western Avenue mid-day refueling site with fast fill fueling dispensers and a large buffer 
storage (10,000 DGE) of CNG. The proposed fueling facility presented was sized to refuel 40 
locomotives in a two-hour window. 

• The overhaul cycle of dual fuel engines is assumed to coincide with the same time or mileage-
based cycle that a diesel only engine would require.  The cost of performing a dual fuel 
locomotive engine mid-life overhaul was assumed to be the same as a diesel only engine. 
Manufacturers do not have long historical data to validate life of engine components or 
overhaul requirements.  

• Owing to the large installed base of CNG fueling stations for large vehicles such as passenger 
buses, commercial trucks, and other utility vehicles, the fueling equipment is readily available 
and largely well supported. The equipment is scalable to support the necessarily higher refueling 
rates and capacities for locomotives. Specific consideration will need to be given in future 
engineering efforts for space constraints at Metra’s facilities. 

• Special considerations will need to be made for Metra’s locomotive maintenance facilities to 
ensure electrical and mechanical equipment (lights, heaters, fans, etc.) compatibility with CNG 
vehicle maintenance facility code requirements. An overview of necessary changes has been 
provided, but a more detailed assessment and equipment survey of each facility is 
recommended to determine design criteria before preliminary engineering work can 
commence. 

• The proposed timeline indicated that the conversion process for the Milwaukee District is 
estimated to be a 4 to 5-year process once funding is available, based on the assumptions made. 
This is a conservative assumption based on Metra supporting the locomotive conversion with 
their craft labor and completing the conversions at the rate of one unit per month. The process 
could potentially be expedited by increasing the rate of conversions through outsourcing of the 
conversions. 

• Accordingly, each facility and overnight fueling location design requirements will need to be 
thoroughly reviewed with the local Authority Having Jurisdiction (AHJ) for permit planning. This 
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may also require community outreach and education. These efforts are hard to define and 
capture in this report. 

• The two primary dual fuel conversion equipment suppliers, ECI/EE and Progress Rail have 
created the kits and they have been installed and operated in pilot projects throughout North 
and South America on freight railroads, however there is not a large base of installed systems on 
locomotives currently operating in North America, and none known to be in passenger rail 
service to date. 

• The FRA will require a formal detailed plan to be submitted to demonstrate that locomotives 
utilizing CNG as a fuel can be safely operated in Metra’s districts, including along specific 
alignments. Obtaining FRA approval is the first step in the process of dual fuel conversion. The 
FRA has created a Natural Gas Safety Review program for NG and alternative fuel locomotives. 

• Based on the estimated capital cost assumptions shown and the diesel-CNG price forecast, 
payback for the investment in the CNG conversion for the Milwaukee District will take about 13 
to 15 years as long as fuel prices remain somewhat predictable. If external funding is secured to 
cover a portion of the capital expenses, or if the price of diesel fuel rises dramatically, this would 
improve the payback timeframe. 

• If Metra wishes to perform an evaluation of CNG/diesel dual fuel on a smaller scale, one of the 
three lines (i.e., Fox Lake) in the Milwaukee District, and a limited number of locomotives could 
be converted along with the necessary CNG infrastructure for a pilot project. The Rock Island 
line may also be considered for a pilot project as it is a smaller operation than the Milwaukee 
District. 

• It should be noted that once the investment is made in the dual fuel fleet conversion, the 
refueling infrastructure and other related activities, Metra would continue to benefit from the 
annual fuel savings indefinitely with the continued availability of dual fuel powered locomotives. 
To that end it is expected that this would become a requirement in the specifications for future 
locomotive procurements. 

• Substitution of CNG for diesel fuel will have a positive effect on exhaust emissions for the 
converted locomotives. NOx and PM will both decrease by proportional amounts of CNG 
substitution as NG burns ‘clean’. It should be noted that CNG substitution begins at notch 3 in a 
dual fuel locomotive so exhaust emissions at idle will not change. Metra would gain the most 
emissions improvement by converting unregulated, Tier 0 or Tier 1 locomotives and take 
advantage of the immediate benefits. There is no current info on what EPA Tier requirement 
that the converted locomotives could achieve.  

It should be noted that this report was specifically prepared to review and make recommendations 
regarding available alternate fuels for Metra’s locomotive fleet. It is beyond the scope of this report, but 
it is expected that Metra would also evaluate the pros and cons of dual fuel conversion against a Tier 3 
or Tier 4 diesel engine conversion. Although the fuel cost savings would not be as significant (Tier 4 
engines are more fuel efficient than those in the current fleet), exhaust emissions reductions would be 
much greater.  
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Conclusions 
The Feasibility Analysis and Conversion Details  report provided conclusions of analysis performed, see 
above. A high-level listing of benefits and challenges for conversion is provided in this section. 

Benefits of Dual Fuel Conversion 
• Potential for up to 65% NG substitution for diesel, with corresponding fuel cost savings 

depending on degree of conversion. For the Milwaukee District, this would be on the order of 
4MM gallons of diesel fuel replaced at an estimated savings of approximately $6.5MM annually 
at current CNG and diesel prices. If applied to all Metra districts, the annual fuel cost savings 
potential would be on the order of $26MM annually. 

• Potential for PM and NOx exhaust emissions reductions as NG is a cleaner burning fuel. In 
addition to the fuel itself, diesel also contains dyes, and lubricants which also contribute to the 
particulate matter and soot which would be reduced. 

• Significantly fewer diesel fuel deliveries (about 580 fewer diesel fuel deliveries to Western Ave. 
annually, for example), resulting in less traffic in and out of refueling facilities and reduced spill 
potential as NG is supplied directly to each site by pipeline so no service disruptions due to 
weather or missed fuel deliveries. 

• Dual fuel conversion allows backup operation on 100% diesel if onboard CNG is depleted. 

• CNG refueling is simpler than diesel refueling as fuel stations automatically regulate and shutoff 
when fueling is complete. 

• CNG fueling infrastructure is transit service proven, due to the large fleets of CNG powered 
buses (over 14,000 in operation) and other vehicles in operation for many years; fueling and NG 
compression equipment is readily available and scalable to Metra’s fleet needs. 

• The price of NG is historically more stable and not prone to the wild fluctuations of diesel fuel 
due to variations in supply. 

• Dual fuel conversion kits are available for Metra's existing fleet (645 and 710 engine families) 
and conversions can be accomplished in Metra's shops by Metra personnel (with engineering 
support from the supplier). 

Challenges for Dual Fuel Conversion 
• There are very high capital costs and a multi-year timeline associated with the addition of CNG 

infrastructure, locomotive fleet and maintenance facility modifications to Metra’s districts and a 
long payback period as illustrated in the provided financial analysis.  

• Based on the financial model of Milwaukee District only, the break-even point may take up to 15 
years, assuming no gross fluctuation in prices for either fuel. This may be near the usable life of 
the converted locomotives. A fifteen-year life was assumed for the locomotives after conversion 
and overhaul. 
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• There is some uncertainty about the availability of locomotives for dual fuel conversion; this 
study identified locomotives in Metra’s fleet that are suitable for conversion, however it is 
unknown at this time if any of the current manufacturers would offer this option for a new 
locomotive. 

• The addition of CNG refueling equipment to Metra’s facilities will require an extensive multi-
year project planning, engineering, coordination, construction, testing and acceptance planning.  

• Limited on-board storage availability for CNG will drive additional refueling, impacting Metra's 
current operating scenarios. 

• Addition of personnel at overnight refueling station locations to accomplish CNG refueling. 

• Additional required safety and operational training on the use of CNG. 

• Engineering and design engagement of the local permitting authorities early and throughout the 
design process. 

• Timely approval of all testing and conversion plans by the FRA. 

• Hazard potential will require detailed hazard analyses and mitigation plans, coordination with 
municipalities (i.e., first responders along Metra's alignments) and extensive safety training. 

• Potential noise nuisance issues with CNG compression equipment at Metra's outlying overnight 
locations. 

• Public perception of locomotives with CNG on board passing through multiple, densely 
populated communities – significant efforts for community outreach may be needed. 

• Potential for additional maintenance and inspection of NG equipment on board locomotives. 

• Exhaust emissions reductions, although much improved over Metra’s existing diesel locomotive 
fleet, does not approach the reduction from EPA Tier 4 engines.  

• Meeting higher emissions standards such as Tier 4 may require more CNG substitution and 
exhaust filtering apparatus. More development would be needed to make this technically 
feasible. 

Next Steps 
The data provided in this study is intended to aid the RTA and Metra in making an assessment in the 
feasibility of converting all or a portion of its diesel locomotive fleet to operate on an alternate fuel; the 
CNG/diesel dual fuel approach is proposed as it allows for a greater substitution of a lower cost and 
more cleaner burning fuel without compromising available horsepower and train performance. Per the 
equipment suppliers’ pilot programs, the dual fuel approach does not in any way degrade locomotive 
operation. 

These reports provide an initial assessment of the feasibility of the alternate fuel conversion and a 
roadmap to further investigations and studies to determine the impact to Metra, both positive and 
negative, on a dual fuel fleet conversion. 
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If Metra chooses to pursue a dual fuel approach as outlined in this report, the following 
recommendations are made: 

• Engaging the FRA’s Natural Gas Safety Review team is key to moving forward and gaining 
approval before any major investment is made. Contact information for the FRA Supervisory 
Railroad Safety Specialist is provided in the References section of the Task 3 report. 

• An experienced natural gas facilities engineering consultant should be brought on board who 
can guide Metra through the CNG conversion process, encompassing safety requirements, NG 
supply, pressurization, storage and fueling, local, state and federal regulations, etc. Pace used 
this approach to successfully launch their CNG bus project. 

• Contact with the NG suppliers in proximity to each facility to determine available gas line 
pressure to discuss what is needed to provide the gas volumes required at each fueling location.  

• A detailed site survey and engineering study of each fueling location to determine suitability of 
each site for the pumping, storage and dispensing stations. 

• A detailed review of Metra’s maintenance shops to determine the scope of changes required to 
be code compliant for handling CNG fuel locomotives. 

• Contact with the equipment suppliers identified in this report to begin discussion on the 
conversion details and detailed cost estimates for the locomotive modifications and the fueling 
equipment. The cost estimates provided herein are rough order of magnitude. 

• Contact with locomotive manufacturers to explore the option of providing dual fuel Tier 4 
locomotives for future procurements; and the development of associated specification 
requirements for future locomotive procurements. 

• Development of a more detailed break-even analysis to better evaluate the financial side of the 
project. The analysis presented makes many assumptions and is considered conservative. 
Receipt of public funding was not considered to offset the capital cost. 

• Monitoring of new motive power technology. The CNG dual fuel approach was selected based 
on its availability and applicability to Metra’s existing fleet. While there is limited development 
in North America, Europe has been more aggressive in mandating a path away from diesel 
engines in rail transportation. 

• For a local perspective on a CNG based dual fuel conversion process currently underway, Metra 
may wish to reach out to the Indiana Harbor Beltway to learn more about their switcher 
conversion process. The supplier of the dual fuel engines, Optifuel™, may be contacted to 
arrange this if Metra is interested.  
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Best Practices and Initial Conditions Study 
Introduction and Background 
The Regional Transportation Authority (RTA) has tasked LTK Engineering Services to evaluate the 
feasibility of alternative fuels for use by their partner commuter rail agency, the Northeast Illinois 
Regional Commuter Railroad Corporation (d.b.a Metra). LTK Engineering Services has conducted an 
evaluation of Metra’s existing locomotive fleet, general maintenance and operational practices, 
refueling facilities, and maintenance facilities. This evaluation provides recommendations on whether an 
alternative fuel may be viable for some, or all of Metra’s locomotives and facilities based on an 
established set of criteria to be formulated as part of this study. 

Metra is one of the largest commuter rail agencies within North America, serving 242 stations over 11 
lines. All lines, except for the Metra Electric District, are served by diesel-electric locomotives as push-
pull service. The Metra locomotive fleet is of various vintage, with key similarities that will be explained 
herein.  

Metra, however, is not the sole Operator and Maintainer of its rolling stock. Metra contracts with freight 
railroad carriers Burlington Northern Santa Fe (BNSF) and Union Pacific through purchase-of-service 
agreements. BNSF and Union Pacific operate several of the Metra lines and maintain Metra locomotives 
and coaches dedicated to those lines. 

Metra Service Profile and Routes 
The Metra commuter rail system is comprised of ten diesel-electric locomotive push-pull lines. Each line 
has some historical reference to the original commuter rail operations of various freight rail lines in the 
Chicago region. To this day, the names of the lines represent a link to the original railroad designations. 
Operations and maintenance of these lines is handled by five operating “districts”, three of which are 
directly within Metra (staffed by Metra employees). Each Metra line originates from a depot station 
within downtown Chicago. The Metra system is shown on Figure 1. 
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Figure 1 - Metra System Map 

Metra Rock Island District 
The Metra Rock Island District is owned and operated by Metra. This district serves the Metra Rock 
Island Line with service from downtown Chicago’s LaSalle Street Station to Joliet, IL. The Rock Island Line 
is comprised of a main line service, and branch service through Chicago’s Beverly and Morgan Park 
neighborhoods. The Rock Island Line alignment and facilities are part of the former Chicago, Rock Island, 
and Pacific Railroad.  

Metra Milwaukee District 
The Metra Milwaukee District is owned and operated by Metra. The district serves the Metra Milwaukee 
District North, West, and North Central lines with service from Chicago Union Station to Fox Lake, IL, 
Elgin, IL, and Antioch, IL, respectively. Additionally, the Milwaukee district serves the Heritage Corridor 
line with service between Chicago Union Station and Joliet, IL. The Milwaukee West Line alignment and 
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Milwaukee district maintenance facility are part of the former Chicago, Milwaukee, St. Paul and Pacific 
Railroad. The Milwaukee North Line operates on tracks owned and dispatched by Canadian Pacific 
Railway between Rondout and Fox Lake. The North Central Service operates on tracks owned and 
dispatched by Canadian National Railway between River Grove station and Antioch. The Heritage 
Corridor operates on tracks owned and dispatched by BNSF and Canadian National Railway between 
Chicago Union Station and Joliet. 

Burlington Northern Santa Fe 
The BNSF District is owned and operated by the Burlington Northern Santa Fe Railroad. The district 
serves the BNSF Line to Aurora, IL and Southwest Service to Orland Park and Manhattan, IL from Chicago 
Union Station. The BNSF line alignment and district maintenance facility are part of the former Chicago, 
Burlington and Quincy Railroad (now owned by BNSF). The Southwest Service rolling stock is maintained 
by BNSF and operated on alignment owned by Metra and Norfolk Southern Railroad.  

Union Pacific 
The Union Pacific District is owned and operated by the Union Pacific Railroad. The district serves the 
Union Pacific West, North West, and North Lines to Elburn, IL, Harvard and McHenry, IL, and Kenosha, 
WI from Chicago Ogilvie Transportation Center. Each line alignment and maintenance facilities are part 
of the former Chicago and Northwestern Railroad (now owned by Union Pacific). The rolling stock for all 
three lines are operated and maintained by Union Pacific. 

Metra Electric District 
The Metra Electric District is owned and operated by Metra. This district serves the Metra Electric Line, 
with service from downtown Chicago’s Millennium Station to the South Chicago neighborhood, Blue 
Island, IL, and University Park, IL. This line is completely electrified (for revenue operations) and not 
considered in the scope of this report. 

Management, Operations and Maintenance 
Corporate Management 
Metra was established as the Chicago-area commuter rail agency in 1984 following a reorganization of 
the RTA the previous year to take over operation of the commuter rail divisions of the bankrupt Rock 
Island and Chicago, Milwaukee, and St. Paul (Milwaukee Road) railroads. Prior to 1984, the RTA directly 
contracted with railroads under purchase-of-service agreements to maintain and operate their existing 
commuter rail services. As Metra was initially formed from vestiges of two railroads their management 
structure, operations, and maintenance (Mechanical) departments mirror those of typical freight 
carriers or long-established commuter agencies.  

Since its establishment, Metra has created a unified zone-fare and common service brand across each 
line. Rolling stock, facility, and station design standards and efforts are led by Metra (with the 
partnership of contract carrier and host railroads). Metra is responsible for coordinating all schedules, 
daily operations, and service needs across the operating districts and host railroads. 

Mechanical Department 
The Metra Mechanical Department is responsible for establishing maintenance and inspection 
guidelines, procurement of new and overhaul of existing rolling stock, and for capital (or operating) 
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enhancements to existing fleets. While the BNSF and Union Pacific maintenance facilities are owned and 
operated by the respective contract carriers, the Metra Mechanical Department is tasked with oversight 
and coordination of activities within those facilities.  

The Metra Mechanical Department’s (and contract carriers’) maintenance facilities are led by senior 
management positions with operating superintendent, and job foremen actively managing various craft 
employees. There are some differences in craft responsibilities between shops and railroads but are 
typically similar. Items of note related to maintenance and fuel concerns are highlighted in this report, 
as needed. 

Operations Department 
The Metra Operations Department is responsible for daily service for each of the five operating districts. 
The responsibilities include revenue and non-revenue train movements as well as transfer of rolling 
stock between districts. The Metra Operations Department coordinates closely with the Operating 
groups of the contract carriers as well as dispatch offices of host railroads (Canadian National, Canadian 
Pacific, Norfolk Southern, etc.).  

Engineering Department 
The Metra Engineering Department is responsible for Metra facilities design and maintenance as well as 
typical railroad bridge, track, and signal system design and maintenance. Design work for host railroads 
and contract carriers is performed in coordination with or for the external parties, as required. 

Metra Districts and Facilities 
Metra Rock Island District 
The Rock Island District has one central maintenance location, comprised of three separate maintenance 
facilities and two end-of-line yards. The 47th-49th-51st Street complex is composed of a locomotive shop, 
capital project heavy maintenance shop, daily fueling track, and main coach yard (51st Street yard).  

The daily operation of the yard and facilities requires trains departing LaSalle Street Station (with 
locomotive leading) to enter the yard through the train washer (attached to the 47th Street locomotive 
shop). The locomotives are removed from the train consists (connected coaches and locomotive) and 
the cars are staged at the 51st Street coach yard for daily servicing and cleaning. The locomotives are 
brought through the fueling and sanding rack adjacent to the 49th Street coach shop. The fueling 
operation performed as a “top off” as each locomotive may have different fuel tank levels; this depends 
on that locomotive’s particular train service for the past evening and morning. The locomotives are then 
pulled (backed-in) to the 47th Street locomotive shop for daily inspection. The duration of shop stay is 
typically short (less than two hours) as locomotives constantly need to be shuttled in and out of the 
inspection tracks and spotted at the south end of the 51st Street coach yard for afternoon and evening 
rush hour service. The entire operation of this yard and facility is typically consistent but relatively fast 
paced as multiple moves and switching operations are required daily between peak operating periods. 

The 47th Street locomotive shop is the daily inspection shop for Rock Island District locomotives as well 
as a heavy maintenance facility for Metra locomotives in general (capital improvements and component 
replacement activities). The facility is designed as a “dead-end” shop, with space for two locomotives in 
each bay.  The shop has six bays with ramps for daily service and periodic inspections and two bays for 
heavy maintenance and overhaul activities (although only one is used for locomotive parking). Each bay 



 

LTK Engineering Services  Page 14 of 175 

door is equipped with an overhead, circular heater with fan blower; these heaters are also found 
throughout the shop. Additionally, several of the inspection bays have exhaust systems to evacuate the 
diesel locomotive emissions. 

The Blue Island yard (Blue Island, IL) is used as a nightly layover location for five currently scheduled 
trains with capacity for an additional train. Trains parked at this yard are kept powered using wayside 
480V connections for the purposes of maintaining minimal interior heat for both the cars and 
locomotive systems. Any work or maintenance performed here (and all other night locations) is 
completely minimal to prepare trains for morning service such as daily brake tests. 

The Joliet yard is used as a nightly layover location for eight Rock Island and three Heritage Corridor 
service trains on eleven tracks. As with the Blue Island yard, 480V wayside electrical service is used and 
maintenance work is minimal. 

Metra Milwaukee District 
The Milwaukee district has one central maintenance location comprised of a locomotive and coach shop 
(within the same building), one large yard complex (with three sub-yards), and three end-of-line yards 
(Elgin, Fox Lake, and Antioch).  

The Western Avenue yard and (coach and locomotive) shop are the daily fueling and service locations 
for equipment assigned to this district (across four lines). The daily operation requires trains departing 
Union Station to enter the yard through a ladder track near the Western Avenue passenger station. 
Trains either enter the yard directly or are routed through a train washer adjacent to the shop. Once the 
train consists are spotted in their designated yard tracks the locomotives are then removed and brought 
to fuel rack to the north of the locomotive shop bay doors. As with the Rock Island fueling operation, 
locomotives are “topped off” as fuel usage varies by locomotive and assigned train service. After fueling 
and sanding, the locomotives are pulled into the shop on the inspection track for daily inspection. The 
shop (and inspection track) are designed as run-through – locomotives are brought in from the north 
and exit the south end. Following daily inspection, the locomotives will exit the shop and are attached to 
their afternoon and evening rush hour consists. The locomotive shop consists of three tracks, two of 
which are accessible by a ramp and are used for daily and other periodic inspections or running repairs; 
the other track is used for heavy repairs. 

The Elgin yard is used as the nightly layover location for 10 Milwaukee District West service trains. As 
with the other nightly layover yards, trains are powered through wayside electrical service and 
maintenance work is minimal. 

The Fox Lake yard is used the nightly layover location for 11 Milwaukee District North service trains. As 
with the other nightly layover yards, trains are powered through wayside electrical service and 
maintenance work is minimal. 

The Antioch yard is used as the nightly layover location for five North Central Service trains. As with the 
other nightly layover yards, trains are powered through wayside electrical service and maintenance 
work is minimal. 

The Heritage Corridor service trains, are served by the Western Avenue yard and shop layover at the 
Rock Island District Joliet yard. 
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Burlington Northern Santa Fe 
The BNSF contract carrier district has one central maintenance location comprised of a locomotive and 
coach shop (same layout as the Metra Milwaukee District Western Avenue shop) and one large yard 
complex (with two sub-yards), and three end-of-line yards. 

The 14th Street yard and shop are the daily fueling and service locations for equipment assigned to this 
district (across two lines). The daily operation requires trains departing Union Station to enter the yard 
through the north via a train washer facility or the A-Yard ladder track or B-Yard ladder track. Train 
consists are spotted in either of the two yards and locomotives are removed and brought to the fuel 
rack to the south of the locomotive shop via two ladder tracks. At the BNSF shop, unlike the Western 
Avenue shop, locomotives are not necessarily moved into the shop for daily inspection work. The 
locomotive shop is used for other routine inspection work and running repairs.  

The Aurora yard is used as the nightly layover location for 19 BNSF service trains. As with the other 
nightly layover yards, trains are powered through wayside electrical service and maintenance work is 
minimal. 

The Orland Park yard is used as the nightly layover location for three Southwest service trains. As with 
the other nightly layover yards, trains are powered through wayside electrical service and maintenance 
work is minimal. 

The Manhattan yard is used as the nightly layover location for two Southwest service trains. As with the 
other nightly layover yards, trains are powered through wayside electrical service and maintenance 
work is minimal. 

Union Pacific 
The Union Pacific contract carrier district has two central maintenance locations – one locomotive shop 
and one coach yard; the Union Pacific district utilizes seven remote (end-of-line) tracks and the main 
depot (Ogilvie Transportation Center) for nightly layover locations. 

The California Avenue coach yard and shop is where daily coach maintenance and periodic inspections 
take place. Complete consists arrive from Ogilvie Transportation Center after the morning rush hour; 
coaches remain at the California Avenue coach yard and locomotives move to a separate locomotive 
maintenance facility, M-19-A shop. 

The M-19-A shop is utilized for periodic inspections and heavy repairs. M-19-A has three outside tracks 
accessible by fueling racks to the south of the shop. Additionally, within the M-19-A shop, there are two 
tracks with fueling capability; this is different than all other Metra district shops (as no other Metra 
shops have internal fueling capabilities). 

The main depot, Ogilvie Transportation Center, also has fueling capabilities – unlike the other Metra 
districts. There are two fuel pumps located on the northern end of the depot (adjacent to Clinton St.) 
which can be used to fuel one track. Additionally, there are two dedicated fueling tracks accessible by 
one fuel rack directly to the north of the eastern-most track (adjacent to Canal St.). Ogilvie 
Transportation Center is used as the nightly layover location for five trains (dedicated to Union Pacific 
North, Northwest, and West service). It should be noted that not all locomotives report to the M-19-A 
facility on a daily basis for fueling; they may be fueled at Ogilvie Transportation Center, dependent upon 
assigned schedule. 
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The Elburn yard is used as the nightly layover location for 11 West service trains, as with the other 
nightly layover yards, trains are powered through wayside electrical service. No maintenance activities 
occur at this yard, only train preparation for morning service. 

The Barrington yard is used as the nightly layover location for four Northwest service trains. The Crystal 
Lake yard is used as the nightly layover location for six Northwest service trains. The McHenry Yard is 
used as the nightly layover location for two Northwest service trains. The Harvard Yard is used as the 
nightly layover location for four Northwest service trains; as with the other nightly layover yards, trains 
are powered through wayside electrical service. No maintenance activities occur at this yard, only train 
preparation for morning service.  

The Waukegan yard is used as the nightly layover location for seven North service trains. The Kenosha 
yard is used as the nightly layover location for five North service train; as with the other nightly layover 
yards, trains are powered through wayside electrical service. No maintenance activities occur at this 
yard, only train preparation for morning service. 

Locomotive Fleet 
The Metra locomotive fleet consists of 148 active revenue service units. Of these, several are 
undergoing rehabilitation and overhaul work and one is considered as wrecked. The active locomotive 
types are as follows: 

F40PH-2 
The Electro-Motive Diesel (EMD) built F40PH-2 locomotives are currently Metra’s oldest (by means of 
technology). These locomotives are equipped with older-style module card engine and traction control. 
These locomotives bear a 1,500-gallon chassis-hung diesel fuel tank and are equipped with a 
turbocharged EMD 645 16-cylinder, 3200 hp prime mover (main engine) with a direct driven air 
compressor and Head End Power (HEP) generator. The F40PH-2 locomotive length is 56’-2” over coupler 
pulling faces with a 260,000 lb weight. The F40PH-2 locomotives are equipped with Mechanical Unit 
Injection (MUI) fueling. 

These locomotives Road Numbers are 150 through 172, inclusive, on Metra’s roster and are currently 
assigned to the Union Pacific district. 

F40PH-3 
The EMD F40PH-3 locomotives are overhauled or remanufactured F40PH-2 units. These locomotives are 
equipped with a microprocessor controlled (EM-2000) engine and traction control system and larger 
fuel tank (2000-gallons).  Some other differences, not relevant to this report, include upgraded Event 
Recorder and front-end structural elements. It should be noted that some of F40PH-3 units are 
equipped with Electronic Fuel Injection (EFI) and some are equipped with Mechanical Unit Injection 
(MUI). Both utilize the turbocharged EMD 645 16-cylinder, 3200hp prime mover with a direct driven air 
compressor and Head End Power (HEP) generator. Physical dimensions and weight are the same as the 
F40PH-2. The F40PH-3 locomotives overhaul/remanufacture program was performed through two 
separate contracts to Progress Rail Services (between 2009 and present). 

These locomotives are currently assigned to the following districts: 
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Table 1 - F40PH-3 Locomotive Assignments 

Milwaukee Rock Island BNSF Union Pacific 
100 - 104, 106 - 111, 
115, 118, 120, 123 - 
124, 215 - 217 

 105, 112 - 114, 116, 
117, 119, 122, 125, 137 

121, 126 - 136, 138 - 
149 

 

F40PHM-3 
The F40PHM-3 locomotives are overhauled F40PHM-2 units. All F40PHM-2 units will be overhauled and 
converted F40PHM-3. The F40PHM-2 is very similar to the F40PH-2 locomotive except for the front end. 
The front end has a more “streamlined” appearance than the F40PH-2 design. These locomotives were 
first manufactured by EMD during the early 1990s with the same internal features and design as the 
previous F40PH-2 units.  For the purposes of this report all F40PHM-2 units are designated as F40PHM-3 
units. 

These locomotives are assigned to the following districts: 

Table 2 - F40PHM-3 Locomotive Assignments 

Milwaukee Rock Island  BNSF Undergoing Overhaul 
 189, 201 - 203, 207 - 

209 
186 - 188, 190, 192, 
194 - 196, 198 - 200, 
210 - 214 

185, 191, 193, 197, 204 
- 206*, 208 

* Locomotive 205 is currently considered wrecked 

MP36PH-3S / MP36PH-3C 
The Motive Power Incorporated (MPI) MP36PH-3S locomotives are different in body and control 
systems compared to the Metra EMD fleet. These locomotives are 68’ long, with a nominal weight of 
298,000 lb and are equipped with a turbocharged EMD 16-645 3,600hp prime mover. These locomotives 
incorporate a 2,500-gallon chassis-hung diesel fuel tank. These locomotives were originally equipped 
with a static inverter for a direct driven HEP generator. Metra has begun the process of converting these 
locomotives to a separate diesel-powered HEP engine and generator (Caterpillar C18, 600hp); these 
units are designated as MP36PH-3C. For the purposes of this all MP36PH-3S units are designated 
MP36PH-3C. The other notable differences to the Metra F40PH fleet include electronic air brake control 
(Wabtec EPIC-II), Wabtec QES computer for engine and traction control, integrated cab air-conditioning 
unit, and aerodynamic front-end design. Metra has also started a program to replace the Mechanical 
Fuel Injection system with an Electronic Fuel Injection system for the MP36 fleet. 

These locomotives are assigned to the following districts: 

Table 3 - MP36PH Locomotive Assignments 

Milwaukee Rock Island 
401 - 404, 413 - 415, 
417, 419 - 424, 426 - 
427 

405 - 412, 416, 418, 
425 
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F59PH 
The EMD F59PH locomotives were recently purchased from Montreal’s commuter rail carrier (AMT). 
These locomotives were built in 1988 and are equipped with an EMD 710, turbocharged 12-cylinder, 
3000 hp diesel engine. These locomotives are equipped with a separate diesel-powered engine and 
generator (Caterpillar 3412, 670hp) and a 1500-gallon chassis-hung diesel fuel tank. Locomotive length 
over coupler pulling faces is 58’-2”. 

The locomotive Road Numbers are 97 through 99, inclusive, and are assigned to the Milwaukee District. 

Near and Long-Term Fleet Acquisition and Replacement 
Metra has recently entered into an agreement to purchase 21 used EMD F59PHI locomotives from 
Amtrak. These locomotives were built in 1998 and are equipped with the EMD 710 12-cylinder, 3000 hp 
diesel engine, a separate diesel-powered engine and generator (Caterpillar C27) HEP unit, and a 2000-
gallon chassis-hung diesel fuel tank. Metra is in the process of receiving this fleet and preparing for 
service. 

In addition to the F59PHI purchase, Metra is currently considering proposals for up to 12 new or 15 
remanufactured locomotives. As the technical and commercial review process is still active, no further 
information has been shared for the purposes of this study. 

Future locomotive purchases, by Metra, may be funded from the $2B nation-wide settlement between 
the United States government and the Volkswagen Group. The terms of the settlement indicate that 
each state will receive a portion of the funds to use as seen fit. There are some discussions of using 
some of the Illinois ear-marked funds for Metra diesel locomotive replacements. At this time no further 
details are available regarding possible quantities of new locomotives. 

Current Fuel Type, Usage & Fueling Infrastructure 
Metra locomotives are powered by a prime mover which uses Ultra Low Sulphur Diesel (ULSD) fuel. 
Currently, Metra has a contract with Mansfield Oil. Diesel is delivered by tanker truck to each Metra and 
contract carrier fueling facility on a daily basis (some locations receive more frequent deliveries 
throughout the day). End-of-line yards also receive fuel deliveries via tanker truck. These yards typically 
do not have fuel storage and pumping infrastructure. 

Fuel Usage 
Fuel usage varies by locomotive type and assigned train service. Typical to the operating districts, each 
locomotive is fueled once a day in the yard or service shop. The fueling operation is a “top-off” type to 
ensure that the tank is full for the afternoon and evening rush hour service. It has been noted by Metra 
that additional fueling may occur at the end-of-line yards during winter, as the locomotives are required 
to remain running (idling) rather than just shut down if outside temperatures fall below 10°F; leading to 
increased fuel usage. 

Metra has performed some internal fuel usage projections based on locomotive odometer readings and 
fueling gauge tracking. This was performed on the same Milwaukee District train – 2125. It should be 
noted that no Metra locomotives are equipped with digital fuel gauges or fuel use monitoring. The 
Metra-provided average usage is given in Table 4 (as information): 
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Table 4 - Metra Provided Average Usage 

Locomotive Type (and Feature) Gallons / Mile Gallons / Year (projected) 
F40PH-3 (EFI) 4.66 247931 
F40PH-3 (MUI) 4.72 250974 
MP36PH-3C (EFI) 3.88 206221 
MP36PH-3C (MUI) 3.53 187783 
F59PH 3.58 190110 

Fueling Infrastructure 
Each of the locomotive maintenance shops are complemented by a diesel fueling facility. These facilities 
are serviced by fuel delivery tanker trucks daily.  

Metra Rock Island District 
The Metra Rock Island 47th-49th-51st Street yard complex is equipped with one fueling rack which is 
designed to fuel up to three locomotives on one track. This rack is also equipped with infrastructure for 
providing traction sand to locomotives (stored onboard). This rack is connected by an overhead gantry 
line to a diesel fuel pumping station. Fuel is stored in underground tanks, served by the pumping house 
in the parking lot. 

 
Figure 2 - 47th-49th-51st Street Yard Fuel Rack 
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Figure 3 - Fuel Rack Supply Gantry and Pumping Station 

The overhead gantry system was recently installed, replacing underground piping. At this location, there 
may be usable physical space on the fuel rack for additional fueling infrastructure however on-site 
storage means will need to be carefully reviewed as this facility and adjacent parking lot are under 
construction for building expansion.  

Metra Milwaukee District 
The Metra Milwaukee District Western Avenue Coach yard is equipped with one fuel rack which is 
designed to fuel up to four locomotives across two tracks. This rack is equipped with infrastructure for 
traction sand. The rack is connected by underground piping to a pumping station in the main facility 
parking lot. Fuel is stored in underground tanks, served by the pumping house in the parking lot. 
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Figure 4 - Western Avenue Fueling Rack 

 
Figure 5 - Western Avenue Shop with Pumping Station in Foreground 
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At this location the fuel rack does have capability for additional fueling infrastructure at the fuel rack, 
however on-site storage may be a concern as the existing pumping station is between tracks, adjacent 
to the parking lot. There may be limited space available in the parking lot for any additional build-out for 
pumping, compression, and storage at the cost of parking spaces or truck loading areas.  

Burlington Northern Santa Fe 
The 14th Street yard and shop are equipped with one fuel rack, very similar to the Metra Milwaukee 
Western Avenue yard and shop. The fuel rack is located to the south of the locomotive shop. The 14th 
Street yard is equipped with one fuel rack which is designed to fuel up to four locomotives across two 
tracks. This rack is equipped with infrastructure for traction sand. The rack is connected by underground 
piping to a pumping station in the main facility parking lot. Fuel is stored in underground tanks. Unlike 
the Western Avenue rack, the 14th Street rack also has infrastructure for locomotive engine lube oil 
pumps; this makes for a tighter space between fuel and sanding apparatus. Fuel is stored in 
underground tanks, served by the pumping house in the parking lot. 

 
Figure 6 - BNSF Fueling Rack 
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Figure 7 - 14th Street Shop Fuel Pumping Station 

At this location the fuel rack does not have much capability for additional fueling infrastructure at the 
fuel rack; on-site storage may be a concern as the existing pumping station is in the main warehouse 
truck receiving area and parking lot (limiting ability for trucks to turn around). There may be limited 
space available in the parking lot for any additional build-out for pumping, compression, and storage at 
the cost of parking spaces or truck loading areas.  

Union Pacific 
The Union Pacific district has three main diesel fueling facilities. The M-19-A shop is equipped with 
outdoor and indoor fueling racks; the main depot, Ogilvie Transportation Center, is equipped with two 
outdoor fueling racks.  

The M-19-A locomotive shop has two exterior fuel racks which can serve up to five locomotives across 
three tracks. The exterior racks also have a dedicated sand application apparatus. In addition to the 
exterior fuel racks, the M-19-A shop also has interior fueling capabilities as two tracks are equipped with 
diesel pumps. Each track can fuel up to five locomotives. Fuel is stored in two 150,000-gallon above-
ground tanks in the parking lot adjacent to the shop. The fuel racks are served by a pumping station and 
overhead gantry pipeline across the parking lot and three tracks north of the shop. 
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Figure 8 - M-19-A Exterior Fueling Rack 

 
Figure 9 - M-19-A Interior Fuel and Service Tracks 
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Figure 10 - M-19-A Interior Fuel Flow Meter (typical) 

 
Figure 11 - M-19-A Fuel Pipeline Gantry 
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Figure 12- M-19-A Fuel Pipeline Gantry 

 
Figure 13 - M-19-A Fuel Pipeline Gantry, Pumping Station, and Above-Ground Tanks 
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The M-19-A exterior fuel racks do have capability for additional fueling infrastructure; the interior have 
less spare capacity as the pit walkways are narrow, coordination with existing infrastructure will be 
critical at this location. Additional fuel storage and associated infrastructure may be accommodated by 
removing some automobile parking or storage track capacity to the north of the main shop building.  

The main Union Pacific depot (Ogilvie Transportation Center) has two fueling locations. The main fueling 
location is on the Clinton Street side of the depot, adjacent to Track 1. This fueling location not only has 
infrastructure for fuel and engine lube oil pumping, but it is also the main diesel fuel storage for the 
depot. Two 50,000-gallon tanks sit underneath the track level (at street level) behind concrete walls. 
About 22 locomotives are fueled daily at Ogilvie Transportation Center. 

 
Figure 14 - Ogilvie Transportation Center Track 1 Fueling Facility 
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Figure 15 - Ogilvie Transportation Center Track 1 Fueling Racks 

 
Figure 16 – Ogilvie Transportation Center Fuel Storage Tanks 
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The other fueling location at Ogilvie Transportation Center is referred to as the “Mail Tracks”, these 
tracks are on the east end of the facility, adjacent to Track 16. Mail Track 1 and 2 are served by two 
fueling and engine lube oil stations and Mail Track 3 and 4 are served by two fueling and engine lube oil 
stations. 

 
Figure 17 - Ogilvie Transportation Center Mail Track 1, 2, and 3 
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Figure 18 - Ogilvie Transportation Center Mail Track 4 

The Ogilvie Transportation Center exterior fuel racks do not have much capability for additional fueling 
infrastructure; the fuel storage and pumping facility do not have additional capacity for additional fuel 
storage within. A summary of Metra shops and fueling sites can be found in Table 5. 

Metra Fuel-Driven Constraints  
Locomotive Tank Capacity and Schedule 
Metra locomotives are fueled daily, on weekdays, at maintenance facility fuel racks. Additional fueling 
may be called for during cold temperature days, as consumption may be higher (reduced idle-
shutdowns). For weekend and extended evening service, locomotives with the largest fuel tanks 
(MP36PH-3S/3C units) are typically assigned to ensure sufficient fuel until the next day’s fueling. 

Precision Fuel Monitoring 
As noted in this report, the current Metra refueling strategy is typical of daily “top-off” service. 
Locomotives are typically pulled through the fuel rack before daily inspection (some exceptions for 
Union Pacific service) and are fueled then. Metra does not have any locomotives equipped with digital 
fuel gauges or monitoring systems reporting fuel levels to a central information system.  Fuel usage is 
tracked at the pump by the use of punch-cards or keypads by the fueling maintenance technician. 
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Table 5 - Summary of Metra Locomotive Shops and Refueling Sites 

District Locomotive Shop Facility Type Bays Fueling 
Location 

Notes 

Rock Island 47th St. 
Locomotive Shop 

Dead End 6 – Routine 
Maintenance / 
Daily Inspection 
2 – Heavy 
Maintenance 

49th Street Fuel 
Rack; 1 Fuel 
Rack accessible 
from 1 Track 

Locomotives are 
fueled and then 
backed into the 
diesel shop 

Milwaukee 
District 

Western Ave. 
Locomotive Shop 

Run Through 2 – Routine 
Maintenance / 
Daily Inspection 
1 – Heavy 
Maintenance 

Fueling Rack at 
North End of 
Locomotive 
Shop (outside); 
1 Fuel Rack 
accessible from 
2 tracks 

Locomotives are 
fueled and then 
pulled through 
the shop (north 
to south) for 
daily inspection 

BNSF 14th St. Yard Run Through 2 – Routine / 
Heavy 
Maintenance 

Fueling Rack 
South of the 
Locomotive 
Shop (outside); 
1 Fuel Rack 
accessible from 
2 tracks 

Locomotives are 
fueled and 
serviced (daily 
inspection) 
outside 

UP M19-A 
 
 
 
 
 
 
 

Run Through  
 
 
 
 
 
 
 

2 – Fueling / 
Daily Inspection  
4 – Routine 
Maintenance / 
Heavy 
Maintenance  
 

Fueling rack 
locations: 2 Fuel 
Racks accessible 
from 3 outside 
tracks; multiple 
fuel racks 
accessible from 
2 inside tracks 
 

Shop has 
interior fueling 
capability for 
daily inspection 
tracks 
 
 
 
 

UP Ogilvie 
Transportation 
Center 

Run Through / 
Dead End 

Track 1 – Run 
Through 
Mail Tracks – 
Dead End 

2 Fueling rack 
locations 
(outside): 1 Fuel 
rack accessible 
from 1 track; 4 
Fuel racks 
accessible from 
2 tracks 

Primary fueling 
location 
adjacent to 
Track 1; 2nd 
location on Mail 
Tracks at East 
side 
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Findings and Analysis 
Alternate Fuels to be considered in the Study 
The principal alternative fuel being considered in this study is natural gas in its two most commercially 
available forms: liquefied natural gas (LNG) and compressed natural gas (CNG). Natural gas (NG) has 
become plentiful in the United States to the point where the US is now a net exporter of LNG. In 
general, natural gas is readily available in all major cities such as Chicago and there is an extensive 
network of piping to transport it to industrial and residential locations for use as a heating fuel. In 
addition, the unit price of natural gas in both forms is somewhat lower than diesel fuel. The price of NG 
has remained stable over time and has been immune to the price volatility of diesel fuel, due to its 
domestic origins. Figures 19 and 20 display historical pricing data for CNG and versus diesel fuel. NG also 
purports to be a “cleaner” fuel than diesel, owing to the lack of particulate matter (PM) and oxides of 
Nitrogen (NOx) being byproducts of its combustion process. For these reasons, the transportation 
industry, in particular many municipally operated vehicles such as buses and garbage/recycling trucks, 
are now powered by natural gas.  

The rail industry has also shown an interest in using natural gas as a fuel for the same reasons, and a 
number of pilot demonstration and full-fledged locomotive fleet conversion projects are now in place. 

 

Figure 19 - Historical LNG vs. Diesel Prices Per Gallon/Diesel Gallon Equivalent 
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Figure 20 - Historical CNG vs. Diesel Prices per Gallon/Diesel Gallon Equivalent 

LNG 
Liquefied natural gas or LNG is a liquid form of natural gas that is produced by chilling the gas down to a 
temperature of -260° F or lower. The reason that LNG is used as a vehicle fuel is that it has a higher 
volumetric energy density than compressed natural gas.  The energy volumetric density of LNG is 
approximately 60% of the volumetric energy density of diesel fuel. Therefore, LNG requires more space 
than diesel fuel for an equivalent operating range. However, it requires much less space than CNG. 

LNG as a Locomotive Fuel  
Internal combustion engines cannot burn LNG directly due to the extremely low temperature of the fuel.  
In all cases where LNG is used as a vehicle fuel, the LNG is heated to convert it back to a gaseous state 
before it is used in the engine. The liquid state is only used to reduce storage space.   

CNG 
Compressed natural gas or CNG, is natural gas that has been compressed to very high pressures, 
typically 3,600 or 5,000 psi and contained in correspondingly rated cylinders. 100% CNG is utilized 
successfully in transit buses (i.e, LA Metro, and recently Pace) utilizing spark ignition engines. CNG has 
approximately 16% of the volumetric energy density of diesel. Therefore, for a given amount of energy, 
more storage space is needed for CNG compared to LNG or diesel fuel.  For this reason, CNG is primarily 
used in applications where frequent refueling is practical.  

GNG (Gaseous Natural Gas) 
While natural gas may be stored as a liquid at extremely low temperatures or as a gas at high pressure, 
the gas is not directly usable in an internal combustion engine in either of these states. The LNG must be 
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heated and vaporized to be usable. Compressed gas must be reduced in pressure.  Therefore, in either 
case, the fuel that is supplied to the engine system is a low pressure gas.  The term that is commonly 
used for this fuel is GNG or gaseous natural gas.  

100% Natural Gas as Locomotive Fuel 
An engine of a given physical size will produce less power using 100% natural gas compared to diesel 
fuel. There are several reasons for this including: 

• The propensity of natural gas to pre-ignite during compression 
• The ability to deliver sufficient energy to the combustion process due to the lower energy 

density of the natural gas fuel.  

Where physical size is not a constraint such is in stationery engine applications, high power spark 
ignition engines are frequently used for pumping and power generation.  

There is only one well documented case of a locomotive that operated on 100% natural gas.  This was 
the MK Rail 1200G which used a Caterpillar G3516 spark ignition V-16 engine, making 1,200 hp (vs. 
2,000 hp for the diesel fueled version). See Figure 21. Two  locomotives each were delivered to Union 
Pacific and ATSF (now BNSF) railroads in the early 1990’s and were used successfully in Southern 
California yards for many years and were still operating up until 2012 when they were taken out of 
service. However no further natural gas powered switching locomotives were put into service in North 
America. 

 
Figure 21 - MK Rail 1200G 100% LNG Powered Switcher 
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Dual Fuel (NG/Diesel) 
 A dual fuel engine is characterized as one that operates on a variably adjusted ratio of diesel and 
natural gas supplied to a compression ignition engine. The diesel fuel is mixed with the vaporized natural 
gas in the engine combustion chamber to provide full rated horsepower of the engine while allowing up 
to 80% natural gas substitution at various loads, thus gaining the dual benefits of reducing exhaust 
emissions and allowing the use of a lower cost fuel. Typical usage ratios run 70%/30% NG to diesel, with 
the ratio of NG increasing with the throttle notch. The majority of locomotive natural gas conversions is 
of the dual fuel variety, and involves either installing a conversion kit on an existing locomotive engine 
or utilizing a commercially available dual fuel engine. See Engine Conversion Options below for a 
detailed discussion of available technologies. In each case, the technologies work with both LNG and 
CNG in either form, as the NG entering the combustion chamber is in a vapor state. 

LNG/Diesel 
There have been a number of LNG/diesel locomotives put into service within the last 30 years as the 
Class I railroads have evaluated the use of natural gas as a hedge against the variability in the price of 
diesel fuel (see Figure 19). As the price of diesel increases, the Class I’s increase their investment in 
LNG/diesel powered locomotives. See Known Locomotive Natural Gas Conversion Projects below for a 
summary of several of the better documented cases. In all cases, a specially designed tender car for LNG 
fuel storage is external to the locomotive, and is typically used in tandem with two converted 
locomotives. To date, all of these conversions have been for freight applications. In addition, both major 
freight locomotive manufacturers, namely GE and Progress Rail (EMD) have developed dual fuel 
locomotives and have produced engine conversion kits for retrofit. GE markets their kit as the 
NextFuelTM Natural Gas Retrofit Kit for their Evolution Tier 2 and 3 locomotives. Progress Rail offers a 
Dynamic Gas BlendingTM system and a Direct Injected Gas system for their EMD locomotive engines as 
discussed in Engine Conversion Options below. 

A limitation in the deployment of LNG fuel is that NG must be converted to LNG by means of the 
liquefaction process that requires cooling of the gas to a liquid at -260°F which reduces the volume, 
making it easier to carry large quantities. LNG is limited to a location in proximity to a liquefaction 
facility, or it must be hauled by tanker to the refueling site.  

CNG/Diesel 
 Whereas long haul freight rail has evaluated LNG/diesel dual fuel as an alternative, yard type switchers 
are better suited for CNG/diesel due to their proximity to refueling stations and limited travel. 
Additionally, the use of a fuel tender car is not practical in switching operations. There is now one case 
of diesel/CNG locomotives currently in operation with supporting fueling and storage infrastructure. 

Alternate Fuels Not Being Considered in the Study 
Biodiesel   
Biodiesel is a domestically produced, renewable fuel that can be manufactured from vegetable oils, 
animal fats, or recycled restaurant grease for use in diesel vehicles or any equipment that operates on 
diesel fuel. Biodiesel's physical properties are similar to those of petroleum diesel. Biodiesel fuel 
produces lower exhaust emissions for PM, CO and HC while having a slight increase in NOx. The 
decrease in exhaust emissions is directly proportional to the percentage of biodiesel in the fuel. Typical 
percentages of commercially produced biodiesel are 5% (B5), 20% (B20) and 99-100% (B99-B100); fuel 
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quality is governed by ASTM D6751. The price per gallon of biodiesel parallels and is about the same as 
diesel fuel, with the exception of the B99-B100 biodiesel which is about 10% more expensive than 
diesel. It is claimed that biodiesel can be fully substituted for diesel fuel, however verification with 
engine manufacturers is advised as there may be implications regarding the engine emissions Tier 
certification. Although there are some emission benefits, there are currently no real cost savings with 
biodiesel. However this could be a viable alternative fuel which Metra could most readily utilize in some 
proportion in their existing equipment and would support the RTA’s green initiatives. 

LPG   
Liquid petroleum gas, also known as propane, is stored under pressure, typically 150 psi inside a tank as 
a colorless, odorless liquid. As pressure is released, the liquid propane vaporizes and turns into gas that 
is used in combustion. An odorant, ethyl mercaptan, is added for leak detection. For combustion to 
occur it must be utilized in a spark ignition engine. The energy density of propane is about 66% of that of 
diesel fuel and it costs on average about 13% less than diesel which makes it appealing. Although many 
smaller vehicles such as forklifts operate on LPG, a literature search did not find any locomotives (other 
than steam powered) that have ever been converted to run on 100% LPG in North America. 

DME   
Dimethyl Ether (DME) is a newer fuel that is created by converting methane and carbon dioxide to form 
DME from various feedstocks, such as biogas and natural gas.  It has an energy density of about 56% 
compared to diesel and in preliminary testing produces exhaust emissions slightly lower than natural gas 
combustion. Although a very promising alternative fuel with similar composition and characteristics to 
diesel, it is not commercially available; minimal fuel production infrastructure exists today, and there are 
no documented cases of locomotives operating on DME. In addition, to be used as an alternative to 
diesel, the proper additives and lubricants must be developed and added, and fuel quality standards 
must be formulated. 

Alternate Technologies Not Considered in the Study 
Exhaust After Treatment    
Although technically not an alternative fuel, if the goal of Metra is to reduce particulate matter and 
oxides of nitrogen from the locomotive diesel exhaust, a number of after treatment options such as 
diesel particulate filter (DPF), diesel oxidation filters (DOC) and Selective Catalyst Reduction (SCR) could 
be retrofitted to the Metra fleet, and are mentioned here for information. After treatments have been 
applied to locomotives of similar engine configurations and have achieved Tier 3 emissions. The majority 
of Metra’s locomotive fleet has now been upgraded to EPA Tier 0+ which is an improvement in exhaust 
emissions, but there is still concern regarding public exposure in several of Metra’s terminals, notably 
Chicago Union and Ogilvie stations.  
All new locomotive procurements must comply with EPA Tier 4 (reference 40CFR§1033) which 
represents a reduction of 95% in PM and 86% in NOx compared to Metra’s existing fleet. Thus as 
Metra’s fleet ages, older locomotives will be replaced with the newer, cleaner and more efficient 
locomotives, however these would still be diesel fueled. It is known that Metra has experimented with 
after treatment on their locomotives as a pilot project. 
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Electrification    
Replacing the diesel electric locomotives with fully electric trains as found on Metra’s Electric District 
Line would eliminate all direct dependence on fuel usage and produce no exhaust emissions, however 
electrification is a costly alternative requiring years of planning and large sources of funding. Estimates 
for line electrification run on the order of $3M to $8M per mile, not including the investment in vehicles. 
This would need to be a very long-term strategy as it may take 10 years or more to fully convert all of 
Metra’s lines to electric. 

Hybrid Electric  
Similar to a hybrid electric car, a hybrid electric locomotive would still have a conventional 
engine/alternator configuration but would utilize electrical energy storage via high capacity batteries, 
such as lithium ion, or capacitors. Although there is much interest here as the energy storage capacity of 
batteries increase and the price continues to drop, it is recognized that a very large amount of battery 
(or capacitor) storage is required to provide the tractive effort needed to drive a locomotive. In addition, 
commuter locomotives must also provide 480VAC power to the consist at all times, driving the storage 
requirements even higher.  

The best use of this technology to date has been in the light rail vehicle (LRV) application where off-wire 
energy storage is utilized to move the LRV short distances when it is impractical to utilize overhead 
catenary power. Operating distances tend to be short, on the order of one mile or less. 

Hydrogen Fuel Cell   
This is still an emerging technology and in the early stages of application. The best-known operating 
example is the Alstom Coradia iLint, which is just now going into service in Germany on some shorter 
lines to replace diesel electric commuter locomotives and trailer cars. The Coradia iLint uses a fuel cell 
manufactured by Hydrogenics. In terms of passenger capacity, the Coradia iLint train is actually more 
akin to a diesel multi-unit (DMU) as essentially a two-car train with a total capacity of approximately 300 
passengers. This program is heavily subsidized by the German government. There are currently no 
hydrogen fuel cell locomotives in operation in North America, although Metrolinx in Toronto has 
identified this as a future alternative to electrification. 

Known Locomotive Natural Gas Conversion Projects 
LNG/ Diesel 
The LNG/diesel dual fuel solution has been implemented on a pilot basis on a number of Class I 
railroad’s freight locomotives for over 20 years. The potential benefit to the freight rail industry is a 
potential for up to 50% potential fuel savings which would approach $1.5B if fully implemented across 
all Class I’s. These pioneering efforts have provided a great deal of data for the rail industry, and both 
the Federal Railroad Administration (FRA) and the Association of American Railroads (AAR) have begun 
the process of developing standards and convening studies for the safe integration and operation of LNG 
to supplement the use of diesel fuel. The engine conversion technology, storage methodology, and 
refueling process along with industry applicable codes and standards are largely developed and 
documented, such that a more significant investment could be made should the diesel-NG price 
differential warrant it. One regional railroad has made the conversion. 
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BNSF   
BNSF and its predecessor, BN, have experimented with LNG/Diesel fueled locomotives for over 20 years. 
Their first pilot units went into service in 1991, utilizing a tender car modified to carry a LNG tank, 
fueling two EMD SD40 locomotives equipped with 16-645 engines that were altered to allow the use of 
a mixture of diesel and LNG. Engine Conversions Inc. (ECI) provided the conversion kits, which included 
conversion to electronic fuel injection.  The engine ran on diesel fuel when idling and NG was gradually 
introduced through the notch schedule until a maximum of 95% NG was supplied by notch 8. LNG 
fueling was provided by Air Products. It is reported that $10M was spent on the project. The pilot units 
were operated until 1995. See Figures 22 and 23. 

 
Figure 22 - BNSF LNG Line Haul Locomotive and Tender 
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Figure 23 - BNSF LNG Line Haul Locomotive in Service 
 

CN   
CN initiated a pilot a LNG/diesel project which operated on a 300-mile route from Edmonton to Fort 
McMurray, Alberta, Canada from September 2012 to September 2013. The project is very similar to the 
BNSF project in that two EMD locomotives were modified using the ECI NG/Diesel fuel injection system 
with a single LNG tender car fueling them both (see Figure 24). CN utilized the pilot to evaluate the 
feasibility of wider fleet conversion. Lack of LNG fueling infrastructure was identified as a concern. The 
LNG fuel tenders used for this project are now in the possession of Union Pacific. 
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Figure 24 - CN Pilot LNG Dual Fuel Locomotives and Tender Car 

 

FEC   
Florida East Coast Rail is a regional railroad operating primarily in Florida on its own right of way. Within 
the past two years they have converted their fleet of 24 GE ESC44C Evolution locomotives using GE’s 
NextFuelTM conversion kits to operate in pairs with a tender car feeding each pair, as previously done by 
BNSF and CN. The engine modifications were supplied by GE and the FRA crashworthy compliant 
tenders were built by Chart Industries. FEC also is the first railroad to haul LNG as a commodity (under 
FRA waiver) and it has an affiliate company that operates a 100,000 gpd NG liquefaction plant, which 
allows it to cost effectively utilize LNG. The GE engine modification kit allows the locomotives to run on 
up to 80% NG and also 100% diesel, similar to the previously discussed projects. The locomotives are 
reported to be EPA Tier 3 compliant. A 900-mile range between refueling is also reported using the LNG 
tender shown in Figure 25. 
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Figure 25 - Florida East Coast LNG Tender Car 

 

LNG Tender Cars  
 The Association of American Railroads (AAR) has created a Technical Advisory Group to work with the 
FRA to develop LNG tender car standards. The standard would cover the design of fuel tenders, 
including hoses and piping for locomotive interface connections, safety requirements and inter-
operability and interchangeability.  The tender cars built for FEC shown in Figure 25 were supplied by 
Chart Industries, which has also supplied LNG tender cars for European locomotives. Currently the FRA is 
evaluating LNG powered rail operations utilizing tender cars on a case-by-case basis. 

CNG/Diesel 
The goals for conversion of locomotives to CNG/diesel stem from similar motivation as the LNG/diesel 
conversions: fuel savings. However, CNG is seen as a better alternative for switching operations 
compared to LNG, as it is impractical to utilize a tender car with all of the required equipment to 
maintain the LNG in its chilled liquid state, in switching operations. To date, there is one known 
CNG/diesel conversion in the US, namely Indiana Harbor Beltway. An additional benefit to this 
conversion is exhaust emissions reduction, an important consideration as exposure of the neighboring 
population to switching yards has been identified by the EPA as a health concern. 

Indiana Harbor Beltway  
 In 2016, Indiana Harbor Beltway (IHB) released a Request for Proposal to repower up to 21 EMD 
SW1500 switcher locomotives. Per published accounts, the conversion was initially undertaken by RJ 
Corman as the locomotive integrator using engine/alternator skids provided by Optifuel LLC, high 
pressure (5,000 psi) DOT approved composite fuel cylinders provided by Hexagon Lincoln for containing 
the on-board CNG, and a trackside CNG refueling system provided by ANGI Energy Systems. The 
conversion project was partially funded through Congestion Mitigation and Air Quality Program (CMAQ) 
a federally funded program administered by the Chicago Metropolitan Agency for Planning (CMAP). This 
program is providing 64% of the funding with the remaining coming from IHB.   

Thus far two locomotives have been delivered (see Figure 26). Each locomotive has two Tier 4 certified 
750 hp Caterpillar C18 “genset” type compression ignition engine alternator modules which have been 
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converted to run on a mixture of natural gas and diesel fuel. A skid containing 11 Type IV CNG tanks are 
skid mounted on the carbody (see figure 27) behind the engine/alternator skids. The existing diesel fuel 
tank is maintained in the underframe. The CNG tanks contain 700 DGE of CNG which it is claimed allow 
the switcher to operate for 7 to 10 days between refueling, which are claimed to take 15 – 30 minutes. 

Optifuel LLC, the engine supplier indicates that the locomotives are Tier 4 emissions compliant. The 
switchers will also be outfitted with Automated Engine Start Stop (AESS) feature which can also have a 
significant reduction in emissions, as switchers spend more than 50% of their operating life in idle. 
Optifuel also claims to have a line of dual fuel engines available for repower from 600 hp to 3,000 hp. 

 
Figure 26 - Indiana Harbor Belt Dual Fuel CNG Switcher 
 
A consortium of companies consisting of Mainstay Fuel Technologies, Hexagon Lincoln and ANGI Energy 
Systems, collaborated to supply the fuel storage and refueling infrastructure to IHB. Mainstay Fuel 
Technologies developed the CNG on-board above deck storage system shown in Figure 27. The CNG 
tanks were supplied by Hexagon Lincoln and are 5,000 psi rated DOT approved Type 4 filament wound 
composite cylinders, which provide substantial weight savings over conventional steel tanks. The 
onboard tank module is sized to provide 700 DGE or 7 to 10 days of switching operation. The diesel fuel 
tank remains in in its existing location at its current capacity.  ANGI Energy Systems, a supplier of CNG 
refueling systems for the commercial trucking industry provided the fueling infrastructure which 
included the NG compressor, fast fill stations, storage, piping, valves and safety devices, and dispensing 
systems. According to a press release, the refueling station can refuel two locomotives in 15 to 30 
minutes.  

LTK recently held discussions with a supplier of competing fueling and onboard fuel storage technology 
who claims that the above deck fuel tank configuration utilized on the switchers is non-compliant to FRA 
fuel tank regulations with regards to crashworthiness as there is no structural reinforcement fully 
encasing the fuel tanks. To date, only two of the expected twenty-one repowered units have been 
delivered.  
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Figure 27 - Indiana Harbor Belt Dual Fuel Switcher Equipment Arrangement 

 

Comparison of Alternate Fuels to Diesel Baseline 
Price per Unit of Energy  
Diesel as a fuel source is still greatly used due its high energy content when compared to gasoline and 
other alternative fuels such as CNG, LNG, LPG and Dimethyl Ether. The US Department of Energy 
maintains data of fuels prices averaged throughout the US. As shown in figures 19 and 20 the price of 
diesel had spiked in 2011-2013, prompting the industry to experiment with alternative fuels. 

Diesel is a superior fuel when measured with British Thermal Units (BTU) energy content. In fact, diesel 
has more energy content than gasoline. Diesel fuel has become more regulated since 1993 with 
attention placed on decreasing the Sulfur content. Ultra-Low Sulfur Diesel (ULSD) is used for heating and 
in compression ignition engines. Reducing the sulfur improves the emissions out of the stack. 

Table 6 illustrates the fuels of interest (diesel, LNG, CNG), their retail unit price in dollars per gallon (or 
diesel gallon equivalent), their energy density and their price in dollars per BTU (British Thermal Unit). 

 

  

CNG Fuel Storage Module 

Engine Alternator Skids 
 



 

LTK Engineering Services  Page 44 of 175 

 

 

Table 6 - Comparison of Fuels in Price/Gal., Energy Density, and Price/Million BTU  

Fuel 

Retail Price per 
Gal (or DGE 
Equivalent) 

 
Energy 

Content 

Volumetric  
Energy Density 

 BTU/FT3 
Retail Price per 

MBTU 
Diesel $   3.24 128,488 Btu/gal. 993  $ 25.20  
LNG $   2.60 21,240 Btu/Lb. 600  $ 20.20  
CNG $   2.51 20,160 Btu/lb. 242  $ 19.65   
 

On a price per BTU basis, LNG is 19.8% and CNG is 22.6% less than diesel fuel, based on the pricing 
provided in the DOE report. 

Price trends  
As previously presented in Figure 19, the price per gallon of diesel fuel has fluctuated from as high as 
$4.57 per gallon to as low as $1.90/gallon over just the last five years and has been as much as five times 
more expensive than NG on a comparable basis. As the graph shows, the trend is upwards; it is expected 
that the price of diesel fuel will continue to increase. The price of Brent Crude Oil has increased by 40% 
in the last four years with diesel fuel increasing as well. Uncertainty due to international developments 
strongly impacts the price of diesel, which is dependent on the availability of crude oil. Due to the large 
annual volume of fuel it consumes, Metra enjoys a much lower price which is based on the daily Platz 
Report index pricing with a small margin ($0.0597) per gallon applied. Pricing data supplied by Metra in 
October indicated a price per gallon of $2.4644, which compares favorably to the Midwest US average 
retail price of $3.17/gallon used in the most recent US DOE Clean Cities Alternate Fuel Price Report. 

However, it is because of these price fluctuations that natural gas has shown itself to be a more stable 
option as the unit price of natural gas has increased only 8% in the last four years, with production 
steadily increasing. For a large user such as Metra, consuming on the order of 25MM gallons of diesel 
fuel per year, rapid increases in the price per gallon as seen in 2013-2014 can adversely impact Metra’s 
budget planning. 

Availability  
Predicting the availability at a global level for both diesel oil and natural gas is outside the scope of this 
study, however Metra has provided supplier information for its bulk supplier of diesel oil (Mansfield Oil) 
which supplies fuel via 7,200-gallon tankers on a frequent basis. Data supplied by Metra for the year 
2017 indicates that about 3,600 deliveries a year are made to all refueling sites, or about 14 deliveries 
per day.  Delivery by tanker truck is generally reliable, however safely transporting the fuel to the five 
sites (and occasionally the outlying areas) and filling Metra’s bulk tanks can be labor intensive, and 
spillage can occur. Weather can also be an impediment, particularly in the winter where road conditions 
may be poor, resulting in late or cancelled deliveries in the case of a severe storm. Chicago can have as 
many as 21 days per year where daily snowfall exceeds 8 inches, although this fluctuates significantly on 
a year to year basis. 
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Metra receives natural gas at all five of its refueling facilities for heating, using Chicago’s gas regional gas 
distributors People’s Gas, North Shore Gas, Nicor and Mansfield Power and Gas for their larger accounts. 
In order to deliver NG to these sites, a fuel delivery sizing study would be need to be conducted based 
on Metra’s anticipated usage. However, this would reduce but not eliminate the number of diesel fuel 
deliveries for Metra with the dual fuel approach. The most recent data provided by Metra shows an 
average price of $3.11 per MBTU or $0.44/DGE, a difference of about $2 per gallon when compared with 
the price of diesel fuel. Bear in mind that this is the price “at the meter” and does not reflect the cost of 
supplying to Metra locomotives as either LNG or CNG. 

Pace has recently converted a portion of its bus fleet to operate on 100% CNG at its South Division 
location which serves southern Cook county, the south side of Chicago and the DuPage County suburbs; 
there are now 91 CNG powered buses operating from this location, which became a CNG fueling station 
in 2016 and was retrofitted in 2017-18 to allow for indoor maintenance on CNG buses. Pricing and fuel 
savings data was not available at the time of this report. 

Emissions 
 The EPA has standards for diesel locomotives and off-road diesel engines typically used in a locomotive 
(40 CFR §1033), see Table 7. The locomotive or engine is required to maintain the standard for which it 
was certified. Therefore, use of natural gas as a blend will require certification. The immediate gain is a 
reduction in the Oxides of Nitrogen (NOx) and Particulate Matter (PM); however natural gas produces 
other toxic gases when ignited. The natural gas dual fuel solution is to augment an older diesel engine 
subjected to a lower Tier standard. For example, a 16-645E3B certified to a Tier 0 standard can have 
exhaust NOx reductions as much as 50%. 

Table 7 - EPA Locomotive Emissions Standards and NG/Dual Fuel Measured 

Line – Haul Locomotives 

Year of 
original 

manufacture 

Tier of 
standards 

Standards (g/bhp-hr) Opacity 

NOx PM HC CO Steady 
State 

30 
Second 

peak 
to 

Peak 

3 
Second 

peak 
to 

Peak 
1973-1992 Tier 0  8 0.22 1 5 30 40 50 

1993a -2004  Tier 1 7.4 0.22 0.55 2.2 25 40 50 
2005-2011  Tier 2  5.5 0.10 0.3 1.5 20 40 50 
2012-2014  Tier 3  5.5 0.1 0.3 1.5 20 40 50 

2015 or later  Tier 4 1.3 0.03 0.14 1.5 20 40 50 
Natural Gas 

Dual 
Expected* 

Predicted 
Results 3.6 0.195   8.5       

*Based on 1 set of measurements by ECI 

Diesel fuel does not produce high levels of CO upon combustion. Introduction of natural gas 
which is primarily composed of methane produces carbon dioxides. The example shown in Table 
6 is for emissions in a dual fuel engine are when NG is blended at ideal rates with diesel. 

When selecting a newly built diesel engine or a conversion kit the cost might be forcing the 
owner to produce a locomotive compliant to 40 CFR §1033.640 which in short requires a Tier 4 
level of emissions as a result of cost of the equipment. 
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More recent claims by engine conversion integrators claim emissions compliance with Tier 3 and 
even Tier 4 with their dual fuel kits.  

Operational Performance Comparison 
As Table 8 illustrates, the theoretical horsepower of locomotive engines converted to operate on 100% 
natural gas with spark ignition would be much lower than diesel fuel. If Metra converted to 100% 
natural gas, the locomotives would suffer a loss of horsepower and the corresponding reduction in 
tractive effort. This also requires converting the prime mover engines from compression ignition to 
spark ignition to run on 100% natural gas. A replacement spark ignition engine would need to be a much 
larger displacement to match the horsepower of the existing engines.  

 The reduction in available horsepower translates to a reduction in tractive effort and hauling capacity, 
thus impacting trip times and/or reducing the trailer cars in the consist. Thus a 100% natural gas solution 
is not a viable one from a train performance standpoint. 

Table 8- Locomotive Rated HP on Diesel Fuel and NG 

Locomotive Rated HP (Diesel Fuel) Theoretical Rated HP 
(100% NG) 

F40PH 3,200 2,560 
F59PH 3,000 2,400 

MP36PH 3,600 2,880 
F59PHI 3,200 2,560 

 

Therefore, based on the table above, it can be concluded that conversion from 100% diesel fuel to 100% 
natural gas is not a viable option for Metra. 

With only one exception (MK 1200G), all locomotive natural gas conversions to date have used 
compression ignition and a blend of natural gas and diesel fuel.  This arrangement provides full 
horsepower capability and the ability to substitute 60% to 70% of the diesel fuel for natural gas. These 
conversions also provide the flexibility to operate on 100% diesel fuel if necessary. 

Fuel operating cost for the dual fuel engines depends on the amount of diesel fuel that can be 
substituted by natural gas.  Engine suppliers advise that higher substitution rates occur at higher power 
settings.  Therefore, the amount of diesel fuel that can be substituted by natural gas depends on the 
duty cycle of a particular operation. Event recorder data has been analyzed to predict the substitution 
rates on typical Metra routes.  For example, as learned through an analysis of supplied event recorder 
data from Metra locomotive 422, about 50% of a run can be in notch 8; a substitution rate of 60-70% 
could be achieved.   

Engine Conversion Options 
Spark Ignition 
These types of engines are normally used in stationary applications where size and weight are not as 
important.  Additionally, there is no demand for spark ignition versions of current locomotive engines 
due to significant horsepower losses as discussed above. Therefore, spark ignition 100% natural gas 
engines are not seen as viable alternatives for Metra locomotives as previously discussed.  



 

LTK Engineering Services  Page 47 of 175 

Compression Ignition 
Dynamic Gas Blending (DGB) 
Dual fuel engines and conversion kits are available for EMD 710 engines from Progress Rail/EMD.  EMD 
has provided current technology locomotives equipped with dynamic gas blending. As mentioned 
earlier, high substitution rates of natural gas will result in pre-ignition of the fuel in the engine. This 
condition must be avoided.  The EMD engines with DGB utilize pre-ignition sensors to control the 
substitution levels of natural gas.  This permits the highest possible substitution levels to be achieved 
while providing reliable engine performance.  

Another company, Energy Conversions Incorporated has also developed and provided conversion kits 
for EMD 645 and 710 diesel engines, as previously discussed. 

High Pressure Direct Injection (HPDI) 
Progress Rail has also developed a system for the 710 engine that uses high pressure direct injection 
(HPDI).  By injecting the natural gas as the piston reaches the top of its stroke, pre-ignition is eliminated. 
However, very high pressure is needed to overcome the compression pressure in the combustion 
chamber and to inject the natural gas in a very short time duration.  While diesel fuel is still used for 
ignition, high substitution rates of 95% can be achieved with HPDI. 

Characteristics of an Alternate Fuel Rail Operation 
The ideal alternate fuel to be used to operate in locomotives utilized for commuter rail would be: 

• Considerably less expensive than diesel fuel on a comparable unit basis 
• Readily available at all refueling locations 
• Does not adversely impact locomotive performance 
• Allows locomotive refueling within current allowable time parameters (no more than 2 hours) 
• Can be stored on board the locomotive  
• Minimizes impact to maintenance activities and potentially improves equipment longevity 
• Dramatically reduces exhaust emissions 
• Can be used, stored and transported safely 

 To utilize 100% NG, an engine conversion from compression to spark ignition is required. Additionally, 
the subsequent loss of horsepower due to the lower energy density of natural gas compared to diesel 
fuel places limits on Metra’s operation in terms of passenger capacity and adherence to train schedules. 
Of the fuels reviewed in this study, the dual fuel NG/diesel options best meet the above criteria, 
although not satisfying all the criteria. 

• As noted, the available dual fuel engine conversion maintains the engine horsepower while 
allowing the engine to utilize greater amounts of the cleaner and less expensive NG at the 
higher notch levels so there is no performance impact.  

• Depending on the price differential, an expected 50% NG usage helps to offset volatile diesel 
fuel pricing and has the potential to provide a net reduction in fuel expenses; does not eliminate 
the need for diesel fuel. 

•  Technology is available to allow NG refueling perhaps not as quickly as diesel can be refueled 
(at up to 200 gpm) but within Metra’s allowable time window. 
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• Onboard storage is a challenge and space availability that would allow adequate storage of both 
NG and diesel fuel may be a limiting factor, based on preliminary estimates. This may require 
more frequent fueling than what Metra currently employs and may also require weekend 
refueling, which Metra is typically able to avoid. 

• As NG is cleaner burning, it is expected that buildup of combustion residue in the cylinders 
would be reduced; however, the addition of NG equipment on the locomotives would add to 
the overall periodic inspection, maintenance and safety certification of the components. 

• Exhaust emissions may be reduced potentially to a Tier 3 emissions level from the Metra fleet’s 
current Tier 0+/1+ levels as claimed by some of the conversion kit suppliers but will depend on 
the ratio of NG to diesel fuel combusted at any given time in the locomotive’s engines. Limited 
emissions data is available at the time of this report. 

• Safety standards for NG usage, storage and refueling have already been clearly defined for the 
natural gas vehicle industry, and many are applicable to the rail industry. However, approval of 
natural gas usage on locomotives operating in revenue service requires approval of the FRA 
which is granting approval on a case by case basis. The FRA has laid out the information to be 
submitted when requesting approval for a plan to test CNG or LNG in railroad service. Since NG 
has never been utilized in a passenger rail application, a very comprehensive safety and hazard 
analysis would need to be submitted with the test plan. 

• Usage of NG at all five fueling locations will also require input and approval by BNSF and UP. 

LNG vs. CNG   
For a NG/diesel dual fuel locomotive conversion to be considered, a decision will need to be made on 
whether LNG or CNG will be utilized as the onboard storage system. From an engine combustion 
perspective, what is introduced into the engine is NG in vapor form regardless of whether stored in a 
liquid or highly pressured state. If LNG is selected, the cooled liquid must be heated to vapor before 
being introduced into the combustion chamber of the engine. If CNG is used, the gas must be greatly 
reduced in pressure before being introduced into the combustion chamber. 

LNG Production, Storage and Distribution 
From an onboard storage point, LNG is the more difficult to store owing the fact that it must be kept 
chilled to -260°F. As the NG is in liquid form, a larger volume can be stored onboard the locomotive. 
However, a double walled insulated cryogenic tank must be used which reduces the usable tank volume. 
In addition, gasification equipment must also be integrated to return the NG to a vapor state before 
injection into the combustion chamber. 

A greater issue for LNG is the liquefaction process required for refueling (see Figures 28 and 29). The NG 
must undergo a phase change from the gaseous state provided by the supply pipeline to a liquid state. 
Based on the size and scale of the plant itself, it would not be feasible to construct at all of Metra’s five 
refueling locations.  A central liquefaction plant would need to be constructed, which would then 
require a fleet of LNG tank trucks to haul and distribute the fuel to all of Metra’s refueling sites. Building 
a liquefaction plant that can provide up to 100,000 gpd requires a significant financial investment (on 
the order of $40M) and substantial space allocation for the process (Figure 29). As an alternative, rather 
than invest in the LNG infrastructure, Metra may choose to purchase LNG from a third party, such as Air 
Products, Air Liquide or other specialty gas supplier, as BNSF did for their pilot project. The third party 
would also operate the NG liquefaction plant and tank truck fleet and be responsible for refueling 
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Metra’s fleet. However, it is noted that there are no major LNG liquefaction facilities in the state of 
Illinois (see Figure 30).  The LNG would need to be trucked in from the south or one of the coasts. 
Incremental costs for production, storage, delivery, and refueling of LNG are shown in Figure 31. 

 
Figure 28 - Simplified View of LNG Liquefaction process 

In the case of BNSF, CN and FEC, tender cars have been used to store LNG to supply locomotives, 
typically one tender supplying two locomotives per consist. The use of tender cars would allow Metra to 
refuel at non-peak hours and trade empty for refueled tender cars during the mid-morning refueling 
cycle. A LNG tender car could also be designed to store enough LNG to potentially allow for 1 – 2 fueling 
operations per week. However, every locomotive utilizing NG in operation would potentially require two 
tenders: one in operation and one in refueling, to maintain Metra’s current daily locomotive turnaround 
window, with a potential investment of up to $1M per tender car per some published estimates. The 
onboard diesel fuel tank would still be required to be refueled as it is currently, but with a potential 50% 
reduction in diesel usage, this could eliminate the need for daily refueling. However, refueling of the 
LNG tender cars could become a significant operation; FEC claims that their tender cars, which carry 
enough fuel to supply two locomotives for 900 miles, can be filled in 90 minutes; this is in comparison 
with Metra’s typical refueling time about 15 minutes or less. The addition of a tender car to existing 
consists may be an issue; train lengths would be impacted by the addition of the tender car which may 
in turn impact train operations and station position due to increased train length.  
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Figure 29 - Typical LNG Liquefaction, Storage and Distribution Facility 

It is currently uncertain if the Metra fleet could accommodate onboard storage of LNG and its ancillary 
equipment. And if it were possible, refueling of onboard LNG locomotive storage tanks does not easily 
lend itself to Metra’s current refueling scenarios, as at nearly all sites there is no ability to bring a tank 
truck sufficiently close to the locomotive for direct refueling. Thus, a LNG storage tank farm would be 
required to be located remotely from the refueling site as is currently done with the diesel fuel, with 
pumps and insulated supply lines to bring the NG to the locomotive refueling sites. Maintaining 
cryogenic temperatures adds more complexity and expense to the LNG storage and refueling facility. To 
date, only the tender car approach has been applied in the rail industry and FEC is currently the only US 
railroad operating with dual fuel/LNG powered GE locomotives in tandem with a tender car. 
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Figure 30 - Location of Existing & Planned US LNG Liquefaction Plants 

 
Figure 31 - Estimated Costs for Production, Delivery and Distribution of LNG 

CNG Production, Storage and Distribution 
LNG has been found more viable for freight applications, due its higher energy density in liquid form and 
thus greater storage capacity for the same tank volume which can supply the locomotive over longer 
distances. CNG is typically preferred on railroads with shorter runs and readily available NG supplies for 
frequent refueling. Thus, a more viable alternative for a commuter railroad may be CNG, which is far 
easier to provide at point of use (see Figures 32 and 33).  The primary components lend themselves 
more easily to be scaled to Metra’s refueling sites. Pressures on the order of 3,600 psi to 5,000 psi must 
be maintained however there is a great deal of relevant experience in operating these stations from the 
NGV industry, such as transit buses. Due to the large volume of CNG powered buses in the US (over 
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16,000) and many other CNG burning vehicle fleets, such as trash and recycling trucks, establishment of 
CNG point of use facilities is well understood and the technology has been developed to provide safe 
onsite pressurization, storage, pumping and dispensing facilities which can rapidly refuel a vehicle. 
Modular CNG pressurization, storage, pumping and delivery systems are available from multiple 
suppliers. Preliminary estimates put the cost of CNG fueling stations in the $4M to $6M range. 

 
Figure 32 - Conceptual CNG Refueling Station Design 

In terms of on-board fuel storage, based on preliminary sizing calculations, up to 600 DGE of CNG could 
be stored on-board a locomotive by reconfiguring the existing diesel fuel tank. Higher delivery pressures 
allow for higher density fuel storage; this is dependent on supply line pressure. Innovative dual fuel 
storage methods have been developed by a potential supplier that can be retrofit within the existing 
fuel tank area of a locomotive. Fast fueling stations are also available so that CNG tanks could be refilled 
in times only slightly longer than Metra’s diesel refueling times, in the order of 15 – 30 minutes for two 
locomotives. 

  
Figure 33 - Modular Intermediate Capacity (2,000 cfm) Compressor Station, Example 

Locomotive Conversion 
Conversion of each locomotive to operate as a diesel/CNG dual fuel locomotive will consist of the 
following: 

• Installation of a dual fuel conversion kit on the prime mover engine which consists of new gas 
inlet valves, cylinder heads, pistons, aftercoolers, injection controls and sensors. The diesel 
injectors and fuel rack must also be recalibrated. 

• Replacement of the existing fuel tanks with a crashworthy fuel tank containing both diesel fuel 
and DOT certified, light weight, high pressure onboard storage tanks for the CNG.  These tanks 
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may or may not be integral with the diesel tank. A high pressure, an ANSI certified compressed 
NGV fuel receptacle rated for the gas operating pressure is required on the CNG tank(s). 

• If equipped with a HEP engine, it may be modified to operate on dual fuel or may be left as a 
diesel only engine. The C18 HEP engines provided for installation on the MP36PH locomotives 
are EPA tier 2 rated and can continue to operate on diesel fuel. However dual fuel conversion 
kits are available if a complete conversion to dual fuel is desired. 

• All required fuel piping, valves, regulators, gas leak detectors and emergency shut off devices 
and pressure relief valves are required by both the FRA and the NFPA for safe fuel operation. 

• Submittal of a test plan, safety plan and hazard analysis to the FRA for approval. 

Applicable Regulations and Codes Governing Natural Gas 
Numerous federal, state and local regulations govern the safe storage, transport and usage of NG. In 
addition, the NGV community has also worked with government, standards organizations and industry 
to define governing requirements for NG storage, transport and usage in vehicles. Table 9 lists a number 
of those standards and what they pertain to. For the purposes of this study, the table is limited to higher 
level regulations and codes relevant to CNG (i.e., NFPA, CFR, etc). There are regulations and standards 
covering various components such as fuel hoses, safety devices, dispensing systems, valves and piping.  

There are also numerous regulations governing the usage of LNG as well, but these are not listed in the 
table. 

Table 9 - Relevant NG Related Regulations 

Governing Document Summary Description 
NFPA 52 – Vehicular Natural Gas Fuel Systems Code Applies to the design, installation, operation and 

maintenance of compressed natural gas (CNG) and 
liquefied natural gas (LNG) engine fuel systems on 
vehicles of all types and for fueling vehicle (dispensing) 
systems and associated storage, including the following: 
Original equipment manufacturers (OEMs),Final-stage 
vehicle integrator/manufacturer (FSVIM), Vehicle fueling 
(dispensing) systems; Includes marine, highway, rail, off-
road and industrial vehicles. Covers facility equipment, 
storage, fueling, and gas detection, alarm and shutdown 
systems and other related requirements.  

NFPA 54 National Fuel Gas Code Applies to the installation of fuel gas piping systems, 
appliances, equipment, and related accessories from the 
point of delivery to the appliance connections; Piping 
systems include design, materials, components, 
fabrication, assembly, installation, testing, inspection, 
operation, and maintenance. 
Appliances, equipment and related accessories include 
installation, combustion, and ventilation air & venting 

NFPA 70 National Electrical Code* Covers installation of electrical conductors, equipment 
and raceways, signaling and communication conductors, 
equipment and raceways, and optical fiber cables and 
raceways for stationary applications. Some pertinent 
sections: 
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Governing Document Summary Description 
Article 500: Hazardous (Classified) Locations, Classes I, II, 
and III, Divisions 1 and 2 
Article 505: Zone 0, 1, and 2 Locations 
Article 511: Commercial Garages, Repair, and Storage 
Article 514: Motor Fuel Dispensing Facilities 

49 CFR Part 393.65 & 68 Fuel systems and CNG fuel 
Containers 

The rules in this section apply to compressed natural gas 
(CNG) fuel containers used for supplying fuel for the 
operation of commercial motor vehicles or for the 
operation of auxiliary equipment installed on, or used in 
connection with commercial motor vehicles 
393.65(5) A fuel line does not extend between a towed 
vehicle and the vehicle that is towing it while the 
combination of vehicles is in motion 

49 CFR Part 571.301 Fuel systems integrity & 
571.303 Standard No. 304; Fuel system / container  
integrity of compressed natural gas vehicles 

571.301 standard applies to all vehicles which use fuel 
with a boiling point above 0 °C. 
571.303 standard specifies requirements for the integrity 
of motor vehicle fuel systems using compressed natural 
gas (CNG), including the CNG fuel systems of bi-fuel, 
dedicated, and dual fuel CNG vehicles. Focus is on the 
prevention of fuel leakage during and after motor 
vehicle crashes. 

49 CFR Part 229 Railroad Locomotive Safety 
Standards 

All locomotive safety standards apply regardless of fuel 
type; standards relevant to alternate fuel are: 
229.43 Exhaust and Battery Gasses 
229.93 Safety Cut-off Devices (fuel lines) 
229.95 Venting Safety Requirements 
229.97 Grounding Fuel tanks 
229.101 Engine Safety Requirements 
229.209 Alternative Locomotive Crashworthiness 
229.217 Fuel Tank Crashworthiness 
229.301-319 Locomotive Electronics Safety 
Requirements 
 

49 CFR 238 Passenger Equipment Safety Standards 238.103 Fire Safety 
238.105 Train electronic hardware and software safety 
238.117 Protection against personal injury 
238.223 Requirements for Tier I Locomotive Fuel Tanks 
 

29 CFR Part 1910 OHS Standard Sec 101 – OHS Standard – Compressed Gases – General 
Requirements 
Sec 106 – OHS Standards for Flammable Liquids   
Sec 110 – OHS Standard – Storage and handling of 
Liquefied Petroleum Gases 
Sec 1000 – OHS Standard – Toxic and Hazardous Air 
Contaminants 
 

29 CFR Part 1910.119 and 1926.64 – OHS Std. – Contains requirements for minimizing the consequences 
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Governing Document Summary Description 
Process Safety Management of Highly Hazardous 
Chemicals 

of catastrophic releases of toxic, reactive, flammable, or 
explosive chemicals 
 - May result in toxic, fire or explosion hazards 
 - Applies to: 
    Process which involves a chemical at or above the 
specified threshold quantities 
    Process which involves a Category 1 flammable gas on 
site in one location, in a quantity of 10,000 pounds 

NSI NGV1-2006 Compressed Natural Gas Vehicle 
(NGV) Fueling Connection Devices 

Examination, testing and certification of compressed 
Natural Gas Vehicle (NGV) fueling nozzles and 
receptacles only. 

ANSI NGV 2-2007 Compressed Natural Gas Vehicle 
Fuel Containers 

Safe operation, substantial and durable construction and 
performance testing of containers for the on-board 
storage of compressed natural gas for vehicle operation. 
Requirements for material, design, manufacture and 
testing of NGV containers intended only for the storage 
of CNG for vehicle operation. 

ANSI NGV 3.1 Fuel System Components for 
Compressed Natural Gas Powered Vehicles 

A standard for the safe operation, substantial and 
durable construction and performance testing of natural 
gas vehicle fuel systems 

Chicago Electrical Code 
Specific articles and sections of the NEC (National Electrical Code, NFPA 70) are modified by the Chicago 
Electrical Code (Municipal Code of Chicago, Title 14E). Sections modified by the Chicago Electrical Code 
are designated so below. It should be noted that the Chicago Electrical Code has adopted, by reference, 
NFPA 70 National Electrical Code 2017, with specific modifications. The listing below is not meant to be 
exhaustive; for electrical installations within the City of Chicago, all applicable Articles of both NFPA 70 
and the Chicago Electrical Code (with relevant modifications) shall need to be considered.  

Article 500: Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2 
500.5 – Classifications of Locations 

(A) General 
Locations shall be classified depending on the properties of the flammable gas, flammable liquid – 
produced vapor, combustible liquid - produced vapors, combustible dusts, or fibers/flyings, that could 
be present, and the likelihood that a flammable or combustible concentration or quantity is present. 
Each room, section, or area shall be considered individually in determining its classification. 

(B) Class I Locations 
Class I locations are those in which flammable gases, flammable liquid - produced vapors, or 
combustible liquid – produced vapors may be present in the air in quantities sufficient to produced 
explosive or ignitable mixtures. Class I locations shall include those specified in 500.5(B)(1) and (B)(2). 
(1) Class I, Division 1 

A Class I, Division 1 location is a location: 
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(1) In which ignitable concentrations of flammable gases, flammable liquid - 
produced vapors, or combustible liquid – produced vapors can exist under 
normal operating conditions, or 

(2) In which concentration of such flammable gasses, flammable liquid - 
produced vapors, or combustible liquid – produced vapors above their flash 
points may exist frequently because of repair or maintenance operations or 
because of leakage 

(1) Class I, Division 2  

A Class I, Division 2 location is a location: 

(1) In which volatile flammable gases, flammable liquid – produced vapors, or 
combustible liquid – produced vapors are handled, processed, or used, but in 
which the liquids, vapors, or gases will normally be confined within closed 
containers or closed systems from which they can escape only in case of 
accidental rupture or breakdown of such containers or systems in case of 
abnormal operation of equipment, or 

(2) In which ignitable concentrations of flammable gases, flammable liquid – 
produced vapors, or combustible liquid – produced vapors are normally 
prevented by positive mechanical ventilation and which might become 
hazardous through failure or abnormal operation of the ventilating equipment, 
or 

(3) This is adjacent to a Class I, Division 1 location, and to which ignitable 
concentrations of flammable gases, flammable liquid – produced vapors, or 
combustible liquid – produced vapors above their flash points might 
occasionally be communicated unless such communication is prevented by 
adequate positive – pressure ventilation from a source of clean air and effective 
safeguards against ventilation failure are provided. 

Informational Note No. 1: This classification usually includes locations where 
volatile flammable liquids or flammable gases or vapors are used but that, in the 
judgement of the authority having jurisdiction, would become hazardous only in 
case of an accident or of some unusual operating condition. The quantity of 
flammable material that might escape in case of accident, the adequacy of 
ventilating equipment, the total area involved, and the record of the industry or 
business with respect to explosions or fires are all factors which merit 
consideration in determining the classification and extent of each location. 
Other relevant sections are: 

500.6 – Material Groups  
(A) Class I Group Classifications 
Class I groups shall be according to 500.6(A)(1) through (A)(4) 

500.7 – Protection Techniques 
(A) Explosionproof Equipment 
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(E) Intrinsic Safety 
(F) Nonincendive Circuit 
(G) Nonincendive Equipment 
(H) Nonincendive Component 
(J) Hermetically Sealed 
(K) Combustible Gas Detection System 

500.8 – Equipment 
(A) Suitability 
(B) Approval for Class and Properties 
(C) Marking 
(D) Temperature 
(E) Threading 
(F) Optical Fiber Cables 

Article 501: Class I Locations 
501.1 Scope 
501.5 Zone Equipment 
501.10 Wiring Methods 
(A) Class I, Division 1 

(1) General  
*Modified by Chicago Electrical Code 

(2) Flexible Connections 
     *Modified by Chicago Electrical Code 

(3) Boxes and Fittings 
(B) Class I, Division 2 

(1) General  
  *Modified by Chicago Electrical Code 

(2) Flexible Connections 
  *Modified by Chicago Electrical Code 
 (3) Nonincendive Field Wiring 

(3) Boxes and Fittings 
501.15 Sealing and Drainage 
(A) Conduit Seals, Class I, Division 1 

(1) Entering Enclosures 
(2) Pressurized Enclosures 
(3) Two or More Explosion Proof Enclosures 
(4) Class I, Division 1 Boundary 

(B) Conduit Seals, Class I, Division 2 
(1) Entering Enclosures 
(2) Class I, Division 1 Boundary 
(C) Class I, Divisions 1 and 2 
(D) Conduit Seals, Class I, Division 2 

501.20 Conductor Insulation, Class I, Divisions 1 and 2 
501.25 Uninsulated Exposed Parts, Class I, Divisions 1 and 2 
501.30 Grounding and Bonding, Class I, Divisions 1 and 2 
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501.35 Surge Protection 
501.100 Transformers and Capacitors 

(A) Class I, Division 1 
(B) Class 1, Division 2 

501.105 Meters, Instruments and Relays 
(A) Class I, Division 1 
(B) Class 1, Division 2 

501.115 Switches, Circuit Breakers, Motor Controllers, and Fuses 
(A) Class I, Division 1 
(B) Class 1, Division 2 

501.125 Motors and Generators 
(A) Class I, Division 1 
(B) Class 1, Division 2 

501.130 Luminaires 
(A) Class I, Division 1 
  (1) Luminaires 
(2) Physical Damage 
  (3) Pendant Luminaires 
  (4) Supports 
(B) Class 1, Division 2  

  (1) Luminaires 
(2) Physical Damage 

  (3) Pendant Luminaires 
  (4) Portable Lighting Equipment 
  (5) Switches 
  (6) Starting Equipment 
501.135 Utilization Equipment 

(A) Class I, Division 1 
(B) Class 1, Division 2  

  (1) Heaters 
(2) Motors 

  (3) Switches, Circuit Breakers, and Fuses 
501.140 Flexible Cords, Class I, Divisions 1 and 2 

(A) Permitted Uses 
(B) Installation  

501.145 Receptacles and Attachment Plugs, Class I, Divisions 1 and 2 
(A) Receptacles 
(B) Attachment Plugs 

501.150 Signaling, Alarm, Remote – Control, and Communications Systems 
(A) Class I, Division 1 
(B) Class I, Division 2 
 

Article 505: Zone 0, 1, and 2 Locations 
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This article covers the requirements for the zone classification system as an alternative 
to the division classification system covered in Article 500 for electrical and electronic 
equipment and wiring for all voltages in Class I, Zone 0, Zone 1, and Zone 2 hazardous 
(classified) locations where fire or explosion hazards may exist due to flammable gases, 
vapors, or liquids. 
 
Article 511: Commercial Garages, Repair, and Storage 
(Note, this may not apply directly to Metra facilities, but this Articled does give guidance 
for determining Class I, Division 1 or Division 2 locations within a building or room) 

511.1 Scope 
511.2 Definitions 
511.3 Area Classification General 
 (B) Repair Garages, With Dispensing 
 (C) Repair Garages, Major and Minor 
(D) Repair Garages, Major 
(E) Modifications to Classification 
  (1) Specific Areas Adjacent to Classified Locations 
511.4 Wiring and Equipment in Class I Locations 

(A) Wiring Located in Class I Locations 
(B) Equipment Located in Class I Locations 
  (1) Fuel Dispensing Units 
  (2) Portable Lighting Equipment 

511.7 Wiring Equipment Installed Above Class I Locations 
(A) Wiring in Spaces Above Class I Locations 
(1) Fixed Wiring Above Class I Locations 
  *Modified by Chicago Electrical Code 
(2) Pendant 
(B) Electrical Equipment Installed Above Class I Locations 
(1) Fixed Electrical Equipment 
 (a) Arcing Equipment 
 (b) Fixed Lighting 

511.9 Sealing 
511.10 Special Equipment 

(A) Battery Charging Equipment 
511.12 Ground – Fault Circuit Interrupter Protection for Personnel  
511.16 Grounding and Bonding Requirements 

(A) General Grounding Requirements 
(B) Supplying Circuits with Grounding and Grounded Conductors in Class 
I Locations 

  (1) Circuits Supplying Portable Equipment or Pendants 
  (2) Approved Means 
 

Article 514: Motor Fuel Dispensing Facilities 
514.1 Scope 



 

LTK Engineering Services  Page 60 of 175 

514.2 Definitions 
514.3 Classification of Locations 

(A) Unclassified Locations 
(B) Classified Locations 
(1) Class I Locations 
(2) Compressed Natural Gas, Liquefied Natural Gas, and Liquefied 
Petroleum Gas Areas 
(3) Fuel Storage 

514.4 Wiring and Equipment Installed in Class I Locations 
514.7 Wiring and Equipment Above Class I Locations 
514.8 Underground Wiring 

*Modified by Chicago Electrical Code 
514.9 Sealing 
514.11 Circuit Disconnects 
514.13 Provisions for Maintenance and Service of Dispensing Equipment 
514.16 Grounding and Bonding 

Chicago Building Code 
The following are relevant chapters which may need to be considered for Metra facilities, specifically for 
the storage and handling of fuel: 

Title 13 Buildings and Construction 
Title 14E – Electrical Code 
Title 15 Fire Prevention 

Chapter 15-8 Fire - Resistive Requirements 
Chapter 15-16 Fire Protection Equipment 
Chapter 15-26 Fume and Flammable Compressed Gases 
 Article I – General 
 Article II – Buildings and Rooms 
 Article III – Transportation 
 Article V – Liquefied Petroleum Gas 

Title 18 Building Infrastructure 
Chapter 18-28 Mechanical Systems 
 Article I – Administration 
 Article II – Definitions 
 Article III – General Regulations 
 Article IV – Ventilation 
 Article VI – Duct Systems 
 Article XIV – Fuel – Gas Piping  

Federal Railroad Administration and Natural Gas 
Due to the high interest and resulting pilot programs initiated by the Class I (and more recently regional 
lines) on LNG dual fuel locomotives for freight applications, the FRA has provided some guidance to the 
railroads on a case by case basis and has worked with the Association of American Railroads (AAR) to 
develop standards for the use of LNG tender cars.  In 2013, the FRA published a letter to the American 
Short Line and Regional Railroad Association (ASLRRA) with information that provided guidance for 
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creating and submitting a plan and requesting a waiver (if required) to test the use of CNG or LNG for 
railroad service, including a safety analysis: 

“Prior to initiating the testing of new dual-fuel locomotives or tender vehicles, railroads and 
vendors must conduct a comprehensive safety analysis that must be provided to FRA for 
approval. This analysis must identify the risks of the operation and any measures designed to 
mitigate those risks.” 

A detailed project plan must be provided, which includes a test plan, a schedule with milestones, test 
location, coordination of relevant stakeholders (such as vendors, subcontractors, emergency 
responders, etc.), physical layouts, operation descriptions, flow diagrams and equipment design 
information, among other items. In total, there are 17 line items identified for railroad submittal in the 
FRA’s guidance letter to the ASLRRA. 

Other required documents include a structural analysis and crashworthiness evaluation of the 
equipment and fuel storage elements, maintenance and test procedures, leak detection, communication 
plans and hazard analyses. Most of what guidance the FRA has provided is aimed at the LNG tender car 
approach planned by most of the railroads. It is less clear what the requirements are for a locomotive 
with onboard CNG storage. It is presumed that the existing FRA fuel tank crashworthiness requirements 
would apply as a minimum. 

The FRA also has provided guidance to the railroads that 40 CFR 174, Carriage by Rail of Hazardous 
Materials, is not applicable where the locomotive is using NG as a fuel. As shown in Table 8 there are a 
number of existing FRA locomotive and passenger rail safety regulations that apply, regardless of fuel 
type. 
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Results Summary 
This study has focused on a NG/diesel dual fuel approach as the most viable alternative fuel for Metra’s 
locomotive fleet. As described herein, some very limited, pilot type feasibility studies have been 
conducted in the last 20+ years in the railroad industry using NG as a replacement and/or supplemental 
fuel, driven primarily by the price differential with diesel fuel, which at times has been as much as $4 per 
gallon.  

More recently two regional railroads, Florida East Coast and Indiana Belt Harbor, have initiated 
locomotive fleet conversions to either LNG/diesel or CNG/diesel dual fuel. In the case of FEC, it is driven 
by the fact that they also produce and haul LNG, thus having ready access to low cost NG to power their 
GE ESC44C freight locomotives. IHB’s motivation is a combination of fuel savings and exhaust emissions 
reduction and is matching funded by a consortium of public agencies. The funding will pay for the 
conversion of IHB’s fleet of twenty-one 1,500hp EMD built switching locomotives to CNG/diesel dual 
fuel operation upon completion. To date, two locomotives are in service and two more are in the 
process of conversion. 

Fuel cost reduction, based on the data provided, is an attractive goal with a potential to be high, based 
on Metra’s annual locomotive fuel consumption. Exhaust emissions will be improved, but not 
significantly, based on available published test data. Some of the engine conversion suppliers are 
claiming up to Tier 4 emissions, however data to back up this claim have not yet been received at the 
time of publication of this report; this will be pursued further under Task 3. 

The logistics and complexities of LNG liquefaction, storage and transport, in combination with the high 
capital cost of either building a plant and purchasing tanker trucks makes this an unattractive option for 
Metra. LNG could potentially be hauled in by truck from a LNG supplier, but it must come from long 
distances and would require a large fleet to meet Metra’s needs. 

The portability and scaling of CNG equipment utilizing already available NG supply piping makes it an 
attractive option. In addition, there is a large installed base of CNG refueling equipment due to high 
numbers of NG fueled vehicles, such as public transit buses. Onsite NG supply would also reduce the 
number of diesel fuel deliveries by up to 50% if adopted across all of Metra’s refueling sites. Several 
suppliers of such equipment have been contacted and will provide conceptual refueling systems and 
rough order of magnitude costs once NG supply pressures are known at Metra’s refueling sites. Based 
on published data for NGVs, this could be in excess of $4M per site, although still far less than the cost 
of a LNG liquefaction and storage plant. 

Sufficient space for onboard storage of both fuels on the locomotive is a concern and may not be 
adaptable to all of Metra’s fleet. Ongoing work with a supplier of onboard fuel storage will yield a more 
definitive answer during Task 3. The storage tanks must be FRA crashworthy.  

Engine conversion will be a significant capital cost; again, suppliers have been contacted and a clearer 
picture of the cost and details associated with engine conversion or repower will be a part of Task 3. 

In general, due to the NGV industry, regulations and standards for NG and in particular CNG fuel usage, 
storage, handling, facilities and operation are well defined. The FRA still considers NG as a locomotive 
fuel an experimental undertaking and has established guidelines for a railroad to submit for approval. 
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Conclusions and Recommendations 
This is an interim report (Task 2) and is focused on documenting Metra’s current practices with regard to 
locomotive fuel consumption, fueling operations and infrastructure; the available alternative fuels and 
their relevance, availability and service history in locomotive rail applications; the most viable fuel 
considering Metra’s locomotive fleet makeup and available technology on the market today; and 
governing regulations, codes and standards for the alternative fuel. Additionally, contacts have been 
initiated with the most knowledgeable, relevant and experienced suppliers of alternate fuel conversion, 
storage and refueling equipment and much information is still pending at this time. There are still a few 
outstanding items required from the RTA and Metra to complete the study, however the following 
conclusions can be made: 

• Currently NG fuel savings on a per gallon basis is on the order of $2 as compared to diesel fuel, 
based on Metra’s current diesel and NG pricing differential, however this does not take into 
account the capital cost of CNG processing equipment to increase the gas density to allow for 
onboard storage. 

• NG/dual fuel is the most viable alternative fuel based on railroad operating service history and 
supporting technology, with no impact to locomotive performance, as would be seen with a 
conversion to 100% NG, either LNG or CNG. 

• Of the two options available (LNG & CNG), CNG is the most adaptable to Metra’s fleet due to its 
portability, and the cost and availability of CNG refueling infrastructure, when compared to LNG. 

• Adaptation of CNG to Metra’s five districts and refueling facilities will be a challenge due to 
space constraints but may be feasible in some locations. BNSF and UP would also need to be 
partners in the process. 

• There are several suppliers of prime mover engine conversion technology for dual fuel. 
• There are several suppliers of CNG on-site compression, refueling and storage equipment. 
• Onboard storage is a challenge given the limited space available on the locomotive; discussions 

are underway with a potential supplier of onboard dual fuel storage that may work with Metra’s 
fleet. 

•  There are numerous regulations, codes and standards for CNG equipment as a result of the 
NGV industry. 

• The FRA requires any railroad planning to convert their locomotive fleet to an alternative fuel to 
submit a project plan, including a test plan and milestone schedule, as well as a system safety 
plan, a hazard analysis and a number of other supporting documents. 

• There is more work to do on developing an onboard storage approach, understanding CNG 
refueling operations and sizing of on-site facilities, as well as refining the capital costs. 
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Next Steps (Task 3: Alternative Fuel Options & Implementation Plan) 
The Task 3 report will build upon what has been initiated in this report and will focus on the 
feasibility portion of the study, focusing on the following steps and actions: 

• Continue to obtain data from suppliers on technical solutions and capital costs of engine 
conversion and/or repowers and other locomotive conversion costs, on-site CNG compression, 
storage and refueling equipment.  

• Obtain a more accurate estimate on estimated cost to Metra for CNG based on representative 
volumes to use in the break-even analysis. 

• Investigate potential facilities modifications and related costs to accommodate CNG. 
• Conduct train simulations using the Milwaukee District North Fox Lake run to determine 

baseline diesel fuel consumption and estimated exhaust emissions, and then CNG/diesel fuel 
consumption and its associated exhaust emissions. Extrapolate the data and apply to Metra’s 
other operating districts and fleet to estimate global dual fuel costs and exhaust emissions 
improvements. 

• Provide an operational impact assessment that covers key criteria such as operating range 
between locomotive fueling, time to refuel, onsite fuel storage and delivery. 

• Prepare a high-level analysis of the safety hazards associated with storage, handling, and 
usage of CNG as a locomotive fuel. 

• Develop a financial model and break-even analysis based on current pricing and various diesel 
fuel to NG price differentials, including capital and recurring costs associated with dual fuel 
conversion, including operations and maintenance expenses.  

• Define a pilot or other limited operational program where a dual fuel strategy would be 
employed such that Metra would be able to evaluate the challenges and benefits to such a 
program.  

• Identify potential partnerships and sources of public or private funding to affect an alternate 
fuel conversion. 
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Feasibility Analysis and Conversion Details Study 
Introduction 
In the previous report, entitled Best Practices and Existing Conditions, the diesel/CNG dual fuel approach 
was identified as the most readily available and viable alternative fuel solution for the Metra locomotive 
fleet. This study report examines the feasibility of dual fuel conversion, by:  

• Visiting the Pace Markham transit bus maintenance facility that recently converted to CNG fuel 
to better understand the operational challenges and benefits associated with the conversion. 

• Reviewing available locomotive engine conversion, on-board storage and fueling infrastructure 
suppliers and technology. 

• Utilizing train operating simulations to determine fuel consumption and operating range. 

Pace Markham, IL CNG Fueling Facility 
A regional example of the use of compressed natural gas (CNG) for fleet fueling can be found at 
suburban Chicago bus operator, Pace. The Pace Markham, IL facility is a CNG-only bus maintenance and 
fueling site. While the Pace facility was designed for bus fueling, there would be many similarities to a 
locomotive fueling operation considering reasonable scaling. 

The CNG fueling operation was commissioned in May 2016, replacing the prior diesel fueling system. In 
conjunction with the facility conversion, Pace purchased a fleet of 102 buses which are stationed at the 
Markham facility. Each, in-service, bus is fueled nightly here via two fuel dispensers. The buses were 
specifically designed with Cummins natural gas spark ignition combustion engines and on-roof CNG tank 
storage; on-board storage is 189 DGE, stored at approximately 4000 psi.  

 
Figure 34 - Pace Bus within Fueling Shelter 
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The fueling location consists of dedicated compressor and buffer storage stations as well as a back-up 
power generator. Pace representatives have noted concerns with local utility power and ability to keep 
their fleet fueled during outages, leading to the generator added to the site as a design criterion. The 
equipment is housed on a 60’ x 120’ concrete pad, enclosed by 8’ tall chain-link fencing. The pad is 
within the Markham facility grounds, away from adjacent (industrial and commercial) neighbors. There 
are no residential areas nearby the facility. The equipment at this location is maintained by Trillium CNG, 
with a requirement to be on-site for equipment repairs within two hours of a service call. The 
configuration, type and arrangement of the drying, compression, storage and dispensing components, 
while at a lower capacity for this facility, are typical of what could be used for a locomotive refueling 
station at Metra's facilities. 

The incoming natural gas line is sized to 8”, which branches from a Nicor (local natural gas utility) main 
distribution line within the local area; the incoming line pressure is nominally 120-130 psi. The pressure 
is reduced to a steady 80 psi via an inline regulator. The Pace staff who provided the tour indicated that 
Nicor extended the incoming gas line approximately one mile at no cost to Pace. 

 
Figure 35 - Nicor Incoming 8" Line with Downstream Valves and Pressure Regulator 

The pressure regulated gas is then dried via a skid-mounted dryer station. The design of the station 
provides for two drying towers with automated control. The two drying vessels are intermittently 
switched so that one provides removal of water while the other is regenerated (dried) through 
adsorption. 
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Figure 36 - Dryer Station 

The dry (80 psi) gas is distributed via a main trunk line to one of five compressor module enclosures. The 
compressors are housed within pre-packaged enclosures. The compressors are rated at 200 hp each. 
The control configuration provides for three compressors to run with two in reserve in a lead-lag 
arrangement. The lead-lag arrangement is used to ensure compressor run time is balanced between the 
units.  

 
Figure 37 - Pre-Packaged Compressor Enclosure 

Each enclosure is equipped with a control PLC (Programmable Logic Controller) and pressure regulation. 
The control PLC is connected to the main PLC system (lead-lag controller) and main MCC (Motor Control 
Center) contactors. Additionally, there is a methane detector at the ceiling of each enclosure to detect 
leaks. The walls of the enclosure are equipped with sound deadening baffles while allowing for cooling 
air ventilation.  
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Figure 38 - Interior of Enclosure showing multi-stage pumps 

 
Figure 39 - Methane Detector inside of pump enclosure 
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Figure 40 – MCC and Main PLC Cabinet 

 
Figure 41 – Main PLC HMI (Human Machine Interface) Cabinet 
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Figure 42 - Compressor Modules Feed (Yellow Pipe) and Output (Stainless Pipe) with Buffer Tanks 

The compressor output lines are piped to nine buffer tanks, sized at 89 DGE each. From the buffer tanks, 
the 4000 psi output is routed to a dyer and pressure regulator and to the fueling dispensers. 

Each fuel dispenser is capable of either 4000 psi (fast-fill) or 2000 psi (slow-fill), dependent on the bus 
fuel fill port used.  

 
Figure 43 - Bus CNG Fill Manifold 
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Figure 44 – Fueling Dispenser (2000 and 4000 psi capability) 

In addition to fueling capability there is also a fuel evacuation (de-fueling) system which may be used to 
remove CNG from the on-board storage tanks. It should be noted that this pump is rarely used as buses 
are serviced within the maintenance facility with tanks at various levels of fill. The defueling station is 
utilized only if the onboard fuel supply and storage system must be evacuated for specific maintenance.  

 
Figure 45 - Bus CNG Tank Evacuation System Connection 
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Pace representatives have noted particular success and satisfaction of this facility and CNG system. They 
are planning to expand this system to other bus fueling locations, as they plan for further bus fleet 
purchases in the future. 

The bus maintenance facility was also upgraded to be compliant to CNG related regulations and 
standards such as NFPA 52, which allows buses to be brought indoors for maintenance and staging for 
daily operation. Major modifications included replacing gas heaters with steam heat, additional 
ventilation, new compliant light fixtures and installation of methane detectors and alert systems. 
 
The Pace facility refills its 102 buses in an eight-hour night shift, dispensing an average of 10,000 DGE of 
NG nightly. This works out to an average fast fill rate of 20 DGE/min. 
 
Other notable lessons learned from the tour of the Pace facility: 
• Pace has employed a CNG refueling consultant with experience in the transit industry who 

oversaw the development of and installation of the fueling facility and Pace's conversion from 
diesel fuel to natural gas. 

• The fueling facility is fully automated with remote monitoring and diagnostics. 

• Pace utilizes a third party (Trillium CNG) to service and maintain the refueling facility. An average 
monthly service cost of $0.08 is figured in to the DGE equivalent cost of the NG. Other operating 
costs, such as electricity, are shown in Figure 46. 

• Pace has saved $1.9M in fuel costs through November 2018. 

•  From the Pace website: 

"Pace South Division serves southern Cook County, the south side of Chicago, and the DuPage 
County suburbs. The 191,000 sq. ft. facility was constructed in 1988 and, in 2016, became a 
compressed natural gas (CNG) fueling station. It is currently being converted into a CNG bus 
maintenance facility. Pace is proud to lead the transportation industry in use of CNG buses because 
natural gas burns far cleaner than diesel fuel reducing carbon dioxide by up to 30% and toxic 
emissions by up to 90%. Replacing just one older diesel bus with a natural gas bus is equivalent to 
taking 21 cars off the road! Additionally, natural gas costs significantly less than diesel, 
substantially reduces maintenance costs, and results in a longer vehicle lifespan." 
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Figure 46 – Pace November 2018 CNG DGE Cost Breakdown 

Key Rail Industry Suppliers 
As previously noted, upward fluctuation of the price of diesel fuel drives interest in natural gas as an 
alternative fuel, due to its relative stable price and increasing supply. As previously shown in Figures 19 
and 20 of the Best Practices report, diesel fuel reached a peak of over $4.00 per gallon retail in 2012 and 
has been steadily decreasing since. During this study the price of diesel fuel has decreased by 
approximately 8%, which has served to bring an end to innovation in the rail industry with regard to the 
natural gas/diesel dual fuel locomotive pilot programs at all of the major railroads. Virtually all of the 
Class 1 railroads pursuing dual fuel (BNSF, UP, CN, CP and NS) have curtailed their programs for the 
moment. Only the two Class 3 railroads of FEC and IHB have continued on the path of the dual fuel 
approach.  

ECI/Engenious EngineeringTM 
In the case of Energy Conversion, Inc., (ECI), they have now been absorbed by Peaker Services and have 
changed their name to Engenious EngineeringTM and are now focusing on potential conversion of slow 
speed diesel engines in the stationary engine market. Mr. Scott Jensen has been a principal in ECI for 
about 30 years and is now an application engineer with Peaker. Mr. Jensen has been a pioneer in the NG 
and dual fuel conversion of locomotives and has at one time or another worked with nearly all of the 
Class 1 freight railroads on pilot dual fuel locomotive projects, beginning with the BN project in the early 
90’s. Mr. Jensen has published several papers on the engine conversion kits that he developed with ECI 
for both EMD and GE engines. He was interviewed for this study and provided the NG/Diesel fuel usage 
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vs. notch schedule that is the basis for the fuel consumption and fuel usage ratio portion of this study. 
The specifics of the conversion kit can be found in Metra Locomotive Modifications.  

 
Figure 47 - ECI/Engenious Engineering Website 

Progress Rail  
Progress Rail, which also advertises dual fuel conversion solutions for its EMD engines, has also been 
reluctant to provide additional information when requested, other than some ballpark figures for engine 
conversion estimates. No other data has been furnished  

As the only two experienced dual fuel conversion specialists for large, low speed diesel engines, it may 
take a substantial conversion project or another jump in diesel fuel prices for them to be active in the 
rail market again. In fact both of these suppliers were looking to the Class 1 railroads to market their 
products. Several of these railroads made substantial investments in locomotive conversions, LNG 
tender cars and refueling systems. Now that virtually all of the Class 1 alternative fuel projects have 
been shelved, it seems that the suppliers are focusing elsewhere.  GE’s NextFuelTM dual fuel retrofit 
program for its ES44AC locomotives has only been applied to the FEC fleet.  
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Figure 48 - Progress Rail NG Engine Website 

CNG Motive 
CNG Motive is a group of rail industry and CNG refueling professionals who have formed a venture to 
market some patented and proprietary technologies primarily related to on-board fuel storage and rapid 
refueling.  Information that they have provided for this study will be provided in the Proprietary 
Appendix of the report. The principals of CNG Motive have been cooperative and very supportive of this 
study and have contributed to this study by providing both on-board storage and refueling station cost 
and performance information and conceptual models based on Metra’s operating scenarios. Their fuel 
storage method for combining a high pressure CNG tank with a conventional locomotive diesel onboard 
storage tank is novel and makes good use of the limited space available for onboard storage of two 
fuels. A presentation on their storage and refueling approach may be found in the Propriety Appendix. 
They have also supplied much of the data related to locomotive refueling rates and cost estimates for 
the CNG refueling stations. They have a proprietary “Chill Fill®” fast fill CNG fueling technology which 
allows a relatively fast refilling while maintaining a low gas temperature during the filling operations. 
With competing CNG fueling systems, due to the heat of compression, the fuel flow must be periodically 
interrupted to allow cooling of the tank so that it can be completely filled which slows the refueling 
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process. Although CNG Motive could be categorized as a startup company, their technical and 
managerial expertise is extensive, with key personnel from both GE and EMD locomotive groups 
encompassing relevant NG experience as well as CNG fueling.  

 
Figure 49 - CNG Motive Cover Slide for Locomotive Alternative Fuel Study 

Optifuel 
Optifuel provided the CNG/diesel dual fuel integration of the CAT C18 EPA Tier 3 engine modules for the 
IHB switcher conversion project, which is still ongoing. The Optifuel president Mr. Scott Myers has been 
very forthcoming with information related to the IHB locomotive dual fuel conversion. He provided 
information related to the IHB project, specifically the details on the fueling arrangement and has 
proposed some very advanced concepts for a commuter locomotive.  

The locomotive model concept is based on the IHG experience and requires underframe modifications 
and a reconfiguration of the carbody to accommodate a new equipment arrangement and above-deck 
on-board CNG storage, similar to the IHB switcher conversion. Mr. Myers estimates a 70% NG/30% 
diesel fuel usage ratio with this engine combination and up to 1,000 DGE of on-board CNG storage, as 
well as meeting EPA Tier 4 exhaust emissions requirements. Optifuel’s submitted information can be 
found in the Proprietary Appendix to be provided in the report. 
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Figure 50 - Optifuel Cover Slide for Locomotive Alternative Energy Study 

Other Potential Suppliers 
A California company, Rail Propulsion Systems is also developing a dual fuel type locomotive conversion 
package aimed at the EMD F40/F59 locomotive retrofit market and lists ECI as a partner, among others.  
An onboard storage concept is shown in Figure 51, utilizing a variation of the existing fuel tank size 
envelope to contain CNG tanks. This concept carries CNG only. A separate tank would need to be utilized 
to carry the diesel fuel.  

 

Figure 51 - On-Board CNG Storage Concept 
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Energy Conversion Methodology for CNG 
To compare the replacement of diesel fuel with CNG, the energy density of the CNG must be 
represented in a comparable set of units. The Diesel Gallon Equivalent or DGE has been adopted by the 
alternative fuels industry and the US Department of Energy as a means of capturing the energy content 
of CNG in a weight and/or volumetric equivalent to a gallon of diesel fuel.  As CNG is commercially 
available, the DGE allows consumers to compare the costs of diesel fuel replacement with CNG; this is 
also a regulated entity, as commercial retail CNG refueling pumps use this standard to charge customers 
by the DGE (or GGE). Per the DOE, Alternative Fuels Data Center, 6.38 lb or 139.30 scf of CNG is 
equivalent to one gallon of diesel fuel or DGE as shown in Figure 52. As shown in the figure, there are 
128,488 Btu’s of energy in a gallon of diesel; there are 20,160 Btu’s per pound of CNG. 

 
Figure 52 - Calculation of DGE for CNG from the US DOE Alternative Fuels website 

CNG and RNG 
Natural gas is a hydrocarbon-based fuel, consisting primarily of methane (CH4) and is considered a fossil 
fuel. However, in recent years a version of natural gas termed RNG or Renewable Natural Gas, has 
become available. RNG is also known as bio methane and is produced from the anaerobic digestion of 
organic materials such as livestock waste or plant material. RNG is chemically identical to conventional 
natural gas and can be compressed for use in vehicles. RNG is considered a more environmentally 
friendly alternative as it utilizes organic waste material to produce methane and does not rely on the 
methods associated with crude oil production, such as hydraulic fracturing or “fracking”. While the 
majority of RNG is used in electricity production, it is now finding its way into gas pipelines in many 
locations in the US and is considered a ‘greener’ alternative to conventionally produced NG. 

Metra Train Simulation Calibration Results and Dual Fuel 
Usage Prediction 
To quantify the potential offset of diesel fuel with CNG in actual operation, a train simulation of the 
Metra Union Station to Fox Lake route was conducted. The Simulation was based on the use of the LTK 
TrainOps® rail network simulation software. TrainOps® is the proprietary LTK operations and electrical 
network simulation software for all types of rail systems. This model was used to quantify the effect of 
locomotive alternative fuel conversion on travel times, fuel consumption, and emissions. A full report of 
the simulation study results and predictions will be provided in the Appendix.  
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A preliminary modelling effort was undertaken to ensure the accuracy of the model, by calibrating travel 
times and fuel consumption outputs for the existing Metra MP36PH-3C locomotive to their present-day 
values, as measured or estimated from available performance data. The calibration process consists of 
first matching simulated travel times and speed profiles, then calculating fuel consumption for a 
matched trip, applying corrective factors as necessary and appropriate to match the source data. All 
simulations were performed on the Milwaukee District North Line, since the most complete source data 
on vehicle performance and fuel consumption was available for this service. 

The resulting baseline simulation model serves as a benchmark with respect to travel times, full 
consumption and emissions. Based on equipment performance data provided by a supplier, a future 
alternative-fuel scenario has been compared to this benchmark trip. The alternative fuel of choice is a 
“dual-fuel” mixture of conventional diesel and compressed natural gas (CNG). As outlined in this report, 
it is possible to modify existing diesel engines to accept such a mixture, with the ratio of the two fuels 
varying depending on the engine’s power output to maximize the available tractive effort. The 
substitution of CNG for a substantial fraction of the diesel fuel which would otherwise be consumed by a 
standard revenue trip has implications for the type and quantity of emissions generated.  

The vehicle modeled for calibration corresponds to the MP36PH with EFI and CAT HEP engine, identified 
elsewhere as “MP36PH-3C.” Since this is the only locomotive for which data is available for both 
performance (speed profile) calibration and fuel consumption, this is the only vehicle for which full 
results have been computed, using a consist of six Nippon-Sharyo gallery cars and a single Nippon-
Sharyo cab car. The head-end power demand of the consist was estimated based on a 50 kW/car load 
for each of the seven total trailer and cab cars, plus an 18-kW load for the locomotive itself, for a total 
load of 368 kW. The fuel consumption rate as a function of load of the Caterpillar C18 diesel generator 
set requires the generator to run with a constant ultra-low sulfur diesel fuel burn rate of 28.05 gal/hour. 
For the purposes of this study, the HEP engine was evaluated in a diesel engine configuration.  

The total time spent in each notch by simulated Trip 2125 during the 1:25:09 of simulation is 
summarized in Table 10.  

Table 10 also presents the total energy used in each notch setting, in units of horsepower-hours, for use 
in emissions calculations. Dwell times have been increased to match the end-to-end travel time of the 
trip to that which would exist if the appropriate 10.0% schedule margin were included. This results in an 
effective dwell time at each inline station of 74 seconds. 
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Table 10 - Time and Energy in Notch for Simulated Trip 2125 

Notch Setting Time in Notch Energy Expended, 
bhp-hr 

Diesel Fuel 
Consumption, gal 

Dynamic Brake 0:18:49 11.92 4.11 
1 0:03:52 13.21 0.85 
2 0:00:20 2.64 0.14 
3 0:02:47 46.62 2.43 
4 0:01:40 37.58 1.92 
5 0:04:22 136.53 6.83 
6 0:03:54 179.79 8.6 
7 0:01:43 98.82 4.68 
8 0:32:54 2119.86 101.16 

Propulsion Total 1:10:21 2646.97 130.73 
    

Idle 0:14:48 2.22 0.78 
HEP Generator 1:25:09 740.45 38.15 

    

Total 1:25:09 6036.61 169.67 

Engenious EngineeringTM has provided an estimate of the fraction of diesel fuel which can be replaced 
by CNG at each notch setting, shown in Table 11. These values can be understood as the fraction of 
energy provided by each source. For the purposes of this study, it is assumed that this substitution 
schedule does not cause any decrease in available power at any rpm, such that the tractive effort curve 
and vehicle performance are not negatively affected by operating on dual-fuel. 

Table 11 - CNG Substitution for Diesel by Notch Using ECI/EE Conversion Kit 

Throttle Fraction of Fuel Diesel, 
By Diesel Volume 

Fraction of Fuel CNG, 
By Diesel Equivalent 

Volume 
Dynamic Brake 100% 0 

Idle 100% 0 
Notch 1 100% 0 
Notch 2 100% 0 
Notch 3 30% 70% 
Notch 4 30% 70% 
Notch 5 20% 80% 
Notch 6 20% 80% 
Notch 7 10% 90% 
Notch 8 10% 90% 

To calculate the volume of CNG needed to replace the volume of diesel fuel substituted out, the concept 
of the standard cubic foot (SCF) of gas is useful. Natural gas volume is dependent on its state, unlike 
liquid fuels. Within the natural gas market, it is therefore conventional to describe a quantity of gas 
based on its volume at standard temperature and pressure, though in reality a given quantity of natural 
gas occupies a much smaller volume when held at the pressures which are sold and used as CNG. Based 
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on a volumetric energy density for diesel fuel of 128,488 Btu/gal and a mass energy density for CNG of 
20,160 Btu/lb at standard conditions, 139.30 SCF of CNG are equivalent to one gallon of diesel fuel. 

Applying the substitution schedule outlined in Table 11 to the fuel consumption by notch calculated for 
the simulated trip results in the fuel substitution presented in Table 12. The consumption of a total of 
110.65 gallons of diesel fuel is avoided by substituting CNG, representing 65.27% of the fuel consumed 
by the same trip when fueled exclusively by diesel. A total of 15,413.75 SCF or 110.65 DGE of CNG are 
used in its place. Since the simulated train spends a plurality of the trip in Notch 8, where CNG 
substitution is maximized, a comparatively large fraction of the fuel is replaced by CNG. Averaged over 
the entire period during which the locomotive is in Notch 8, the engines consume CNG at a rate of 385.5 
SCF/min.  

A dual fuel system would supply an existing diesel prime mover with a mixture of diesel and CNG, with 
the aim to minimize diesel fuel usage without restricting the tractive effort available at any speed. Based 
on comparison to the benchmark simulation of Trip 2125 and system performance as related by the 
manufacturer of the conversion system, this alternative fuel system reduces diesel fuel consumption by 
65.27%. Diesel fuel use by the prime mover alone is reduced by 84.14% (the HEP generator is assumed 
to continue to be fueled solely by diesel). 

 
Figure 53 - Simulated Speed and Cumulative Fuel Consumption for TrainOps Trip 2125 
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Table 12 - Dual-Fuel Use by Simulated Trip 2125 

Fuel Use 
Component Duration Diesel, Gal 

Volume of Diesel 
Replaced by CNG 

(DGE) 

SCF of CNG 
Replacing Diesel 

Dynamic Brake 0:18:49 4.11 0.00 0.00 
Idle 0:14:48 0.78 0.00 0.00 

Notch 1 0:03:52 0.85 0.00 0.00 
Notch 2 0:00:20 0.14 0.00 0.00 
Notch 3 0:02:47 0.73 1.70 236.48 
Notch 4 0:01:40 0.58 1.34 187.25 
Notch 5 0:04:22 1.37 5.47 761.58 
Notch 6 0:03:54 1.72 6.88 958.74 
Notch 7 0:01:43 0.47 4.21 586.86 
Notch 8 0:32:54 10.12 91.05 12682.80 

Propulsion Prime 
Mover Subtotal 1:25:09 20.86 110.65 15413.75 

Auxiliary Power 
(HEP) 1:25:09 38.03 0.00 0.00 

Total 1:25:09 58.89 110.65 15413.75 
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Operating Scenarios and Equipment Locations 
Metra Operating Scenario – Milwaukee District 
In order to illustrate how a dual fuel conversion operation would look to Metra, a detailed conversion 
scenario was overlaid on the existing Milwaukee district. The Milwaukee District was selected for the 
following reasons: 

• It is fully within Metra’s control unlike the UP and BNSF districts, allowing Metra greater 
flexibility in implementation. 

• The number of locomotives utilized approximates what could be available from Metra’s newest 
available locomotives. 

• The detailed operational model of the Milwaukee District North line that was developed using 
LTK’s proprietary TrainOps® software to create an accurate simulation of train performance and 
fuel usage. 

• The potential for substantial cost savings due to the quantity of fuel consumed on this line. 

As shown in Table 13, the Milwaukee District locomotives consume over 6 million gallons of diesel fuel 
annually. A potential reduction in the usage of diesel fuel on the order of 4 million gallons could be 
achieved with the substitution of natural gas. Based on current fuel pricing and considering the ‘as 
delivered’ costs of CNG to the locomotive, a savings of $5.6 million dollars annually is possible.  The 
savings are based on $1.60 savings per gallon at the current diesel-CNG price per gallon differential. 
Annual fuel savings for all Metra Districts would be approximately $26MM if a full conversion is 
implemented. 

Table 13 - Annual Fuel Usage by District, Based on 2017 Fuel Deliveries 

District Operator Fueling Location Fuel Usage (gal) Lines Serviced No. of 
Locomotives 

Milwaukee Metra Western Ave           6,235,935  MDN, MDW, NCS 38 
Rock Island Metra 49th St.           2,692,684  RI 20 
BNSF BNSF 14th St.           5,741,447  BNSF, SWS 30 

UP UP 
M19           3,620,785  

UPW, UPN, UPNW 51 
Ogilvie           7,170,932  

  Total:      25,461,783   129* 

*Note: some locomotives were out of service for upgrade/rehabilitation work when this number was provided. 
 
It is assumed that due to size and/or weight limitations, the locomotives previously identified as 
candidates for dual fuel conversion (F59PH, F59PHI, MP36PH) will be limited on CNG storage capacity. 
Based on preliminary tank sizing calculations and below deck-space availability, an on-board storage 
capacity of no more than 300 Diesel Gas Equivalent (DGE) of CNG and 1,000 gallons of diesel fuel is 
estimated for use in this scenario. At the expected fuel consumption rates, overnight refueling will be 
necessary to avoid unscheduled refueling as discussed below in the Dual Fuel Expected Operating 
Section below. Refueling is scheduled to occur when 250 DGE of CNG is consumed in operation; diesel 
fuel capacity is assumed not to be a limiting factor, based on the previously predicted consumption rates 
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of each fuel type. Below is a proposed operating scenario for the Milwaukee District that will allow 
Metra to operate on its current Monday-Friday schedule with a dual fuel locomotive fleet.   

Milwaukee District North – Overnight Layover and Refueling 
• Fox Lake to CUS distance: 49.3 miles 
• Monday through Friday Schedule 
• 11 trains overnight at Fox Lake – Inbound to CUS 
• Trains are CNG fueled overnight using CNG slow fill  
• Assume 250 DGE per locomotive or 3,000 DGE of CNG is required per night, worst case 

The refueling window is fairly wide as the first ‘overnight’ train (2125) arrives at Fox Lake at 5:24 pm and 
could be refueled well before its inbound trip as 2124 with its first stop at 7:28 am. As seen in Table 14, 
most locomotives have large windows for overnight refueling. The locomotives on the last two 
outbound trains for the day have the smallest windows of only four hours; however, that is well within 
the needed time to refuel.  According to an estimate provided by one of the equipment suppliers, a 
small three 200 hp compressor station (2 active and one backup) would suffice for overnight refueling, 
with 2 fuel dispensing stations. Buffer tank capacity on the order of 4,000 DGE would supplement 
stations which would allow the refueling compressors to run during the day to maintain tank volume for 
the overnight refueling.  Buffer tanks would increase reliability by reducing the start and stop of the 
compressors while reducing maintenance and component deterioration.  Additionally, the peak draw is 
reduced allowing the use of a smaller compressor ratable or average stable flow through the day is 
advantageous to receive a reduced rate from the gas utility supplier.  Actual refueling rate would be on 
the order of 10 DGE per minute, keeping fill time for each locomotive on the order of 25 minutes, worst 
case for 250 DGE refuel. A benefit of the slow filling station noted by the supplier is that it reduces the 
size of the refueling station, saving on capital costs. Refueling could be accomplished as each locomotive 
returned from its last run and before being put into layover.  From Figure 54, it appears that there would 
be adequate space for the modular pump stations, buffer tanks and other related CNG compression and 
storage infrastructure. Estimated equipment cost for the facility, excluding NRE, site preparation and 
permitting, would be in the $2.5M range. 

Table 14 - Overnight Train Refueling Time Windows at Fox Lake 

Outbound Fox Lake Location Last Stop Inbound  First Stop 
Approx. 

Refueling Time 
Window (hr) 

2125 EAST END No. 4 5:24 P.M. 2124 7:28 a.m. 12 

2129 WEST END No. 4 6:04 P.M. 2112 6:30 a.m. 12 

2131 EAST END No. 5 6:18 P.M. 2106 5:35 a.m. 11 
2135 EAST END No. 2 6:43 P.M. 2108 6:08 a.m. 11 

2139 WEST END No. 5 6:55 P.M. 2104 5:13 a.m. 10 

2143 EAST END No. 1 7:19 P.M. 2116 6:53 a.m. 10 
2149 EAST END No. 8 8:36 P.M. 2122 7:16 a.m. 11 
2151 EAST END No. 3 9:09 P.M. 2118 6:58 a.m. 10 
2155 EAST END No. 7 11:19 P.M. 2114 6:38 a.m. 7 
2157 WEST END No. 1 12:09 A.M . 2102 4:46 a.m. 4 
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2159 WEST END No. 3 1:59 A.M. 2110 6:14 a.m. 4 
    Avg. 9.3 
 

 
Figure 54 – Fox Lake Overnight Layover Location 

Milwaukee District West – Overnight Layover and Refueling 
• Elgin to CUS distance: 43.3 miles 
• Monday through Friday Schedule 
• 10 Trains overnight in Elgin– Inbound to CUS 
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 3,000 DGE of CNG is required, worst case 

The overnight refueling scenario at Elgin is comparable to the scenario at Fox Lake in that the total 
quantity of trains laying over is similar and the majority of the trains have fairly large 11 to 12-hour 
windows for refueling. The last two outbound trains of the night, 7062 and 7142 have the shortest 
refueling windows. However, based on the worst case as described for the Fox Lake refueling scenario, 
25 minutes would be needed at a slow fill rate. The biggest drawback to the Elgin location is the very 
constricted space for train layover. Two fueling stations at the entrance to the layover tracks would 
allow refueling as the trains return to the Elgin facility for layover. Available space for the three pump 
stations, storage tanks and related equipment may be challenging for this location; a portion of the 
parking lot shown in Figure 55 would need to be utilized to contain the pump stations and buffer tanks. 
The size of this pump station is anticipated to be the same as Fox Lake’s: a three 200 hp compressor 
station (two active and one backup) with two fuel dispensing stations and buffer tank capacity on the 
order of 4,000 DGE.  Compressor hp requirements will be determined upon site-specific engineering as it 
is directly related to actual gas pressure available to the facility.  Estimated equipment cost for the 
facility, excluding NRE, site preparation and permitting, would be in the $2.5M range. 
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Table 15 - Overnight Train Refueling Time Windows at Elgin 

Outbound Elgin Location Last Stop Inbound First Stop Approx. Refueling 
Time Window (hr) 

2233 RIVER 6:07 P.M 7041 5:05 A.M. 11 
2235 PLATFORM 6:11 P.M 2208 6:08 A.M. 12 
7162 No. 3 (2231) 6:25 P.M. 7101 5:38 A.M. 11 
2241 MIDDLE No. 1 6:33 P.M 2218 7:02 A.M. 12 
7122 EAST END No. 1 (2243)    7:15 P.M. 2212 6:29 A.M. 11 
7102 No. 6 (2237) 6:45 P.M. 7161 6:26 A.M. 12 
2245 No.4 7:24 P.M 2214 6:39 A.M. 11 
7022 No. 5 (2253) 11:17 P.M. 7061 5:08 A.M. 6 
7062 No. 2 (2255) 12:17 A.M. 2200 4:17 A.M. 4 
7142 WEST END No. 1 (2257)   2:17 A.M. 2202 4:52 A.M. 3 

    Avg. 9.3 
 

 
Figure 55 - Elgin Overnight Layover Location 

Milwaukee District North Central – Overnight Layover and Refueling 
• Antioch to CUS distance: 53.4 miles 
• Monday through Friday Schedule 
• 5 Trains overnight in Antioch– Inbound to CUS 
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 2,000 DGE of CNG is required, worst case 
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As Antioch only has five trains laying over, a two-pump station with one fuel dispenser and 2,500 DGE 
buffer tanks would suffice, at an estimated cost of $1.5M. 
 
Table 16 - Overnight Train Refueling Time Windows at Antioch 

Outbound Antioch Location Last Stop Inbound First Stop Approx. Refueling 
Time Window (hr) 

109 TRACK3 6:05 P.M. 108 6:33 A.M. 11 
113 TRACK4 6:38 P.M. 110 6:49 A.M. 12 
115 TRACK7 7:07 P.M. 102 5:55 A.M. 11 
117 TRACK6 7:37 P.M. 104 6:06 A.M. 11 
119 TRACKS 8:34 P.M. 100 5:20 A.M. 8 

    Avg. 10.6 
 

 
Figure 56 - Antioch Overnight Layover Location 

Milwaukee District – Western Avenue Mid-Day Refueling 
For mid-day refueling at the Western Avenue facility, CNG fast fill stations would allow the 38 
locomotives for the Milwaukee District North, Milwaukee District West and North Central Service lines 
to be refueled in a similar fashion to the current diesel refueling process. A two-hour refueling window 
was proposed to one of the station suppliers who estimated a three fueling station approach. A 
refueling facility was sized to the requirement of servicing up to 40 locomotives at up to 250 DGE each in 
2 hours resulting in 83 DGE per minute combined refueling capacity. Cost estimates for a 10,000 DGE 
station with three 800 hp compressors and up to 10,000 DGE buffer storage would be in the $6M range, 
excluding NRE, site preparation and permitting, for the facility.  250 DGE of CNG would be refilled in 
approximately nine minutes with this equipment. Diesel fueling would continue to occur as it currently 
does.  Due to possible space constraints at the Western Avenue location, as seen in Figure 57, the 
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storage tanks are stacked 2 high to try and conserve space. Even with this layout it appears that 
alternative options may still need to be considered such as the acquisition of additional land.  

 
Figure 57 - Western Avenue Mid-Day Fueling Facility 

Pump Stations and Buffer Storage 
For all refueling locations, higher incoming gas pressure impacts the size of the required compressor. For 
example, to allow for a 20 DGE/min refueling rate: 

• 40 psig incoming pressure requires a 2,200 hp compressor 
• 200 psig incoming pressure requires a 1,500 hp compressor 
• 600 psig incoming pressure requires a 1,000 hp compressor 

600 psig incoming gas pressures is typically not available, however it is likely that 200 psig could be 
provided to these locations. It is expected that the local gas supplier can provide this capacity to all 
locations; however, this would need to be verified in the planning stages. Due to the high volume of fuel 
being consumed at each location, a favorable installation price is negotiable with the gas supplier. As 
noted at the Pace CNG bus facility, the gas supplier Nicor paid for the 200 psig line to be run 
approximately a mile to the facility. 
 
Based on supplier provided data for sizing and costing of the fast fill stations, if direct filling, a station 
would require approximately 4,000 hp. With buffer storage, an estimated optimal compression at about 
800 hp with buffer storage of 10,000 DGE is sufficient for refueling of the 40 locomotives at 250 DGE 
each in the mid-day cycle. Excluding permitting and electrical interconnection, the cost of the dryer and 
balance of plant would be about $600K in addition to the compressors and buffer storage. Compressors 
are generally $1,300-$2,000/hp depending on the size of the package and options. Buffer storage should 
be considered at $150/DGE installed. 
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From the scenario above, CNG fast fuel and slow fuel stations could be added to the three overnight 
fueling locations and the mid-day fueling location in the Milwaukee district at an estimated equipment 
cost of $12.5M, less NRE, site preparation and permitting. Table 17 summarizes CNG pump station 
equipment, fill rates and estimated costs for each fueling location in the Milwaukee District. 

Table 17 - Milwaukee District pump Stations/Storage and Costs 

Location Compressors Dispensing 
Stations Storage Fill Rate Cost 

Western Avenue (Mid-day) 3 (800 hp) 2 10,000 DGE Fast $6M 
Fox Lake (Overnight) 3 (200 hp)  2 4,000 DGE Slow $2.5M 
Elgin (Overnight) 3 (200 hp)  2 4,000 DGE Slow $2.5M 
Antioch (Overnight) 2 (200 hp) 1 2,500 DGE Slow $1.5M 

General Equipment Layout and Considerations 
General equipment locations were provided for each yard; these can be seen throughout the document 
for each rail line.  Equipment positioning was based on satellite images of each location.  Although 
estimates were made a land survey is required for actual equipment placement as equipment may have 
been placed outside of the property limitations. There are also several layout considerations that must 
be incorporated into the equipment placement:  

• Station equipment – 10 Ft. minimum from nearest building 
• Station equipment from nearest property line – 10 ft. minimum distance 
• CNG storage – 50 ft. minimum from other dispensing devices 
• CNG storage – 20 ft. minimum from flammable above ground tanks  
• CNG Fueling point – 3 ft. minimum from CNG storage 
• CNG equipment – 50 ft. from active mainline rail 
• Dispenser and fueling point – 10 ft. minimum from nearest building or building opening 

Dual Fuel Locomotive Expected Operating Range 
Weekday Schedules 
Some sample locomotives in the Milwaukee district were evaluated based on the Metra supplied CUS 
equipment cycles. The three locomotives evaluated (C3, C4 and C5) are shown in Table 18. With 
overnight and mid-day CNG refueling, locomotives C4 and C5 can meet their schedules, running for 
distances of 183.4 and 132.6 consecutive miles with CNG refueling. Locomotive C3, with its 299.4 miles 
of continuous operation from CUS starting 2:35 PM and ending at Fox Lake at 1:59 AM would likely not 
be able to cover this distance without CNG refueling. Either fewer runs need to be made or, optionally 
the last run could be made on diesel fuel only, as the dual fuel system does allow diesel only operation if 
CNG is unavailable. 
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Table 18 - Assessment of Sampling of MDN Weekday Dual Fuel Locomotive Need for Refueling 

Locomotive C3 
Train no Start Loc Start Time End Time End Loc Mileage 

2121 CUS 2:35p 4:13p Fox Lake 53 
2146 Fox Lake 4:26p 5:55p CUS 49.5 
2145 CUS 6:05p 6:56p Deerfield 24.2 
2154 Deerfield 7:06p 8:00p CUS 24.2 
2153 CUS 8:35P 10:09p Fox Lake 49.5 
2160 Fox Lake 10:23p 12:04a CUS 49.5 
2159 CUS 12:25a 1:59a Fox Lake 49.5 
Fox Lake Overnight 299.4 
2110 Fox Lake 6:14a 7:48a CUS 49.5 
2207 CUS 7:58a 9:23a Big Timber 39.8 
2230 Big Timber 9:36a 10:58a CUS 43.3 
         Total Morning: 132.6 
         Total: 432 
Likelihood of completing daily runs without refueling: Poor   
Assuming 300 DGE CNG and 1,000 gal diesel total on-board capacity   
Would require 2x refueling per day due to mileage    

Approx. 3 hr window mid-day refueling; 4 hr window overnight refueling   
Locomotive C4 

Train no Start Loc Start Time End Time End Loc Mileage 
2147 CUS 6:25p 7:38p Grayslake 41 
2158 Grayslake 8:15p 9:34p CUS 41 
2155 CUS 9:45p 11:19p Fox Lake 49.5 
Fox Lake Overnight 131.5 
2114 Fox Lake 6:38a 8:12a CUS 53 
        Total Morning: 53 
        Total: 184.5 
Likelihood of completing daily runs without refueling: Good   
Assuming 300 DGE CNG and 1,000 gal diesel total on-board capacity   
Approx. 7 hr window overnight for refueling; 4 hr mid-day window for refueling   

Locomotive C5 
Train no Start Loc Start Time End Time End Loc Mileage 

2133 CUS 4:48p 5:43p Deerfield 27.7 
2150 Deerfield 5:50p 6:44p CUS 24.2 
2149 CUS 6:55p 8:36p Fox Lake 49.5 
Fox Lake Overnight Total Evening: 101.4 
2122 Fox Lake 7:16a 8:49a CUS 49.5 
2211 CUS 9:30a 10:50a Big Timber 39.8 
2234 Big Timber 11:22a 12:43p CUS 43.3 
        Total Morning: 132.6 
        Total: 234 
Likelihood of completing daily runs without refueling: Good   
Assuming 300 DGE CNG and 1,000 gal diesel total on-board capacity   
Approx. 10 hr window for overnight refueling;  4 hr window mid-day for refueling  

Weekend Schedules 
Metra does not typically refuel locomotives on weekends, relying on the 2,500 gallon diesel fuel capacity 
of the MP36.  As shown in Table 19, the three sample weekend locomotives shown, C13, C17 and C18 all 



 

LTK Engineering Services  Page 91 of 175 

run from 330.6 to 449 miles from Saturday through Monday.  All three have an overnight layover at Fox 
Lake at some point, so weekend CNG refueling could be implemented if Metra desires. 

It should be noted that the recently acquired SD70MAC locomotives, with their large 5,000 gallon fuel 
tanks, could easily accommodate the 550 DGE/2,000 gal diesel dual fuel tank concept developed by CNG 
Motive which would enable them to run through the weekend without diesel or CNG refueling. 

Table 19 - Assessment of Sampling of MDN Weekend Dual Fuel Locomotive Need for Refueling 

Locomotive  C13 
Train no Start Loc. Start Time End Time End Loc. Mileage 

Fox Lake Overnight -Saturday (all day)*       
2602 Fox Lake 6:45a 8:22a CUS 49.5 
2603 CUS 10:35a 12:12p Fox Lake 49.5 
2612 Fox Lake 12:45p 2:22p CUS 49.5 
2611 CUS 2:35p 4:12p Fox Lake 49.5 
2616 Fox Lake 4:45p 6:22p CUS 49.5 
2623 CUS 8:35p 10:12p Fox Lake 49.5 
2622 Fox Lake 10:25p 11:58p CUS 49.5 
2627 CUS 12:25a 1:57a Fox Lake 49.5 
Fox Lake Overnight -Sunday   Total Sunday: 396 
2114 Fox Lake 6:38a 8:12a CUS 53 
    Total Weekend: 449 
*Per Metra Equipment Cycles, C13 finishes Friday with 183.4 miles   
Not possible to make all of Sunday runs without refueling; requires additional locomotive 

Approx. 4 hr window for refueling Sunday night     
Locomotive  C18 

Train no Start Loc. Start Time End Time End Loc. Mileage 
Fox Lake Overnight - Friday*         
2604 Fox Lake 8:45a 10:22a CUS 49.5 
2607 CUS 12:35p 2:12p Fox Lake 49.5 
2614 Fox Lake 2:45p 4:22p CUS 49.5 
2615 CUS 4:35p 6:12p Fox Lake 49.5 
Fox Lake Overnight - Sunday (all day)     198 
2104 Fox Lake 5:13a 6:51a CUS 49.5 
2103 CUS 7:01a 8:36a Fox Lake 49.5 
2128 Fox Lake 8:45a 10:22a CUS 49.5 
2113 CUS 10:35a 12;12p Fox Lake 49.5 
2136 Fox Lake 12:45p 2:22p CUS 53 
    Total Sunday: 251 
    Total Weekend: 449 
*Per Metra Equipment Cycles, C18 finishes Friday with135 miles   
Weekend runs possible with overnight refueling at Fox Lake   

     No Sunday runs, available all day for refueling 
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Locomotive C17 

Train no Start Loc. Start Time End Time End Loc. Mileage 
Fox Lake Overnight - Friday*         
2604 Fox Lake 8:45a 10:22a CUS 49.5 
2607 CUS 12:35p 2:12p Fox Lake 49.5 
2614 Fox Lake 2:45p 4:22p CUS 49.5 
2615 CUS 4:35p 6:12p Fox Lake 49.5 
Fox Lake Overnight - Sunday   Total Sunday: 198 
2110 Fox Lake 6:14a 7:48a CUS 49.5 
2207 CUS 7:58a 9:23a Big Timber 39.8 
2230 Big Timber 9:36a 10:58a CUS 43.3 
    Total Sunday: 132.6 
    Total Weekend: 330.6 
* Per Metra Equipment Cycles, C17 finishes Friday with 299.4 
miles   
Weekend runs possible with overnight refueling at Fox Lake   
No Saturday runs, available all day for refueling    

Assessment of Other Districts 
The above assessment is specific to the Milwaukee District, in terms of potential refueling station 
locations and rough sizing of equipment; and dual fuel locomotive range relative to weekday and 
weekend operating schedules. What follows is an overview of Metra’s other main fueling districts 
included for information to assist Metra in making an assessment of the feasibility of expanding the 
refueling infrastructure to the other districts to aid in fleet flexibility. These other district assessments 
only cover rough sizing and possible locations and limitations for installation of mid-day and overnight 
refueling equipment and do not evaluate train operation. 

Rock Island District 
The Rock Island lines were not assessed in as much detail as the Milwaukee District; however, this line 
would lend itself well to a pilot dual fuel conversion project, owing to the smaller quantity of 
locomotives (18) and the fewer lines.  Two overnight CNG refueling stations and a mid-day refueling 
station would be needed. The initial cost of CNG refueling at all three locations would be on the order of 
$7.5M less NRE, site preparation and permitting. Again, coordination would be needed with local gas 
suppliers to provide the required incoming NG capacity and pressure 

Table 20 - Rock Island District Pump Stations/Storage and Costs 

Location Compressors Dispensing 
Stations Storage Fill Rate Cost 

51st Street Yard 2 (800 hp) 2 5,000 DGE Fast $3.5M 
Joliet Yard 3 (200 hp)  2 4,000 DGE Slow $2.5M 
Blue Island Yard 2 (200 hp) 1 2,500 DGE Slow $1.5M 
 

Rock Island – Joliet Overnight Layover and Refueling 
• 11 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Three compressor station and two storage tanks ($2.5M) 
• Assume 250 DGE per locomotive or 3,000 DGE of CNG is required, worst case  
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• Due to space constraints, it appears that alternative options may need to be considered such as 
the acquisition of additional space. 

 

 
Figure 58 - Joliet Overnight Layover Location  

Rock Island – Blue Island Overnight Layover and Refueling 
• 5 trains overnight  
• Trains are CNG fueled overnight using CNG slow fill 
• Two compressor station and one storage tank ($1.5M)  
• Assume 250 DGE per locomotive or 1,500 DGE of CNG is required, worst case 

 

 
Figure 59 - Blue Island Overnight Layover Location 
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Rock Island – 51st Street Mid-Day Refueling  
For mid-day refueling, a fast fuel CNG refueling station of one half of the size and capacity (2-800 hp 
compressor stations and 5,000 DGE storage at $3.5M) of the Milwaukee District would be needed. It is 
understood that Metra is currently undergoing a renovation of this location and an evaluation of 
equipment placement will need to be performed after modifications are complete. 

 
Figure 60 - Rock Island Mid-Day Refueling Location 

UP and BNSF Districts 
The Milwaukee and Rock Island Districts combined use nearly 9 million gallons of diesel fuel annually so 
there is a potential to reduce diesel fuel usage by up to 6 million gallons and potentially save $8M. 
However, the UP and BNSF districts consume over 16 million gallons of diesel fuel annually. Their 
combined locomotive fleet also makes up over 2/3 of Metra’s fleet and consists of Metra’s oldest 
locomotives, the majority of which are at the end of their life. It is expected that Metra will prioritize 
these locomotives for replacement with either new or substantially overhauled and upgraded 
locomotives. 

 It is unclear what Metra’s overall plan is for replacement or upgrading of their F40 fleet. The scenario 
created for the Milwaukee District utilizes 38 of Metra’s newest locomotives for dual fuel conversions 
which still have at least half of their usable life. For the remainder of their locomotive fleet of over 100 
F40’s, Metra may choose to procure new Tier 4 diesel powered locomotives which would result in 
substantially lower exhaust emissions and reduced fuel consumption, due to exhaust after treatment 
and the more efficient high-speed Cummins and Caterpillar prime mover engines. Dual fuel conversion 
may not be an option for these newer generation locomotives as the leading manufacturers (namely 
Siemens and Progress Rail) do not offer this option for their prime mover engines. Suitable used 
locomotives from other sources may be difficult to acquire for dual fuel conversion and would also likely 
require a major overhaul in order for Metra to obtain 15 – 20 years of usable life, adding $2.5-$3M per 
unit to the cost of acquisition and CNG conversion. The potential benefit of full dual fuel conversion to 
Metra is a reduction in diesel fuel usage of approximately 16 million gallons CNG substitution at a 
potential annual savings of over $20M.  
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Table 21 - UP District Pump Stations/Storage and Costs 

Location Compressors Dispensing 
Stations Storage Fill Rate Cost 

OTC  2 (800 hp) 2 10,000 DGE Fast $4.5M 
M19A 2 (800 hp) 2 10,000 DGE Fast $4.5M 
Elburn  3 (200 hp)  2 4,000 DGE Slow $2.5M 
Barrington  2 (200 hp) 1 2,500 DGE Slow $1.5M 
Crystal Lake  2 (200 hp) 1 2,500 DGE Slow $1.5M 
McHenry  2 (200 hp) 1 2,500 DGE Slow $1.5M 
Harvard  2 (200 hp) 1 2,500 DGE Slow $1.5M 
Waukegan 2 (200 hp) 1 2,500 DGE Slow $1.5M 
Kenosha 2 (200 hp) 1 2,500 DGE Slow $1.5M 
 
Table 22 - BNSF District Pump Stations/Storage and Costs 

Location Compressors Dispensing 
Stations Storage Fill Rate Cost 

14th Street 3 (800 hp) 2 10,000 DGE Fast $6M 
Orland Park  2 (200 hp) 1 2,500 DGE Slow $1.5M 
Manhattan  2 (200 hp) 1 2,500 DGE Slow $1.5M 
Aurora  3 (200 hp)  2 4,000 DGE Slow $2.5M 
 

UP – OTC Mid-Day and Overnight Refueling  
• 5 trains overnight  
• Trains are CNG fueled during the day and overnight using CNG fast fill 
• Two compressor station and four storage tanks ($1.5M) 
• Due to space constraints, it appears that alternative options may need to be considered such as 

the purchase of additional space or the use of street level space.  
• Assume 250 DGE per locomotive or 10,000 DGE of CNG is required, worst case 
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Figure 61 - UP OTC Refueling Location 

UP – M19A Mid-Day Refueling 
• Trains are CNG fueled during the day using CNG fast fill 
• Two compressor station and four storage tanks ($4.5M)  
• Assume 250 DGE per locomotive or 10,000 DGE of CNG is required, worst case.  

 
Figure 62 - M19A Refueling Location 
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UP – Elburn overnight layover and refueling 
• 11 trains overnight  
• Trains are CNG fueled overnight using CNG slow fill 
• Three compressor station and two storage tanks ($2.5M)  
• Assume 250 DGE per locomotive or 3,000 DGE of CNG is required, worst case 

 
Figure 63 - Elburn Overnight Layover and Refueling Location 

UP – Barrington Overnight Layover and Refueling 
• 4 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Two compressor station and one storage tank ($1.5M)  
• Assume 250 DGE per locomotive or 1,500 DGE of CNG is required, worst case 

 
Figure 64 - Barrington Overnight Layover and Refueling Location 



 

LTK Engineering Services  Page 98 of 175 

UP – Crystal Lake Overnight Layover and Refueling 
• 6 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Two compressor station and one storage tank ($1.5M) 
• Assume 250 DGE per locomotive or 2,000 DGE of CNG is required, worst case.  

 
Figure 65 - Crystal Lake Overnight Layover and Refueling Location 

UP – McHenry Overnight Layover and Refueling 
• 2 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Two compressor station and one storage tank ($1.5M)  
• Assume 250 DGE per locomotive or 1,000 DGE of CNG is required, worst case  

 
Figure 66 - McHenry Overnight Layover and Refueling Location 
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UP – Harvard Overnight Layover and Refueling 
• 4 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill  
• Two compressor station and one storage tank ($1.5M)  
• Assume 250 DGE per locomotive or 1,500 DGE of CNG is required, worst case 

 
Figure 67 - Harvard Overnight Layover and Refueling Location 

UP – Waukegan Overnight Layover and Refueling 
• 7 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 2,500 DGE of CNG is required, worst case.  
• Two compressor station and one storage tank ($1.5M)  

 
Figure 68 - Waukegan Overnight Layover and Refueling Location 
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UP – Kenosha Overnight Layover and Refueling 
• 5 trains overnight 
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 2,000 DGE of CNG is required, worst case.  
• Two compressor station and one storage tank ($1.5M)  

 
Figure 69 - Kenosha Overnight Layover and Refueling Location 

BNSF – 14th Street Mid-Day Refueling 
• Trains are CNG fueled during the day using CNG fast fill 
• Three compressor station and four storage tanks ($6M)  
• Assume 250 DGE per locomotive or 10,000 DGE of CNG is required, worst case 

 
Figure 70 - 14th Street Refueling Location 
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BNSF – Orland Park Overnight Layover and Refueling 
• 3 trains overnight  
• Trains are CNG fueled overnight using CNG slow fill 
• Two compressor station and one storage tank ($1.5M) 
• Assume 250 DGE per locomotive or 1,500 DGE of CNG is required, worst case 

 
Figure 71 - Orland Park Overnight Layover and Refueling Location 
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BNSF (SWS) – Manhattan Overnight Layover and Refueling 
• 2 trains overnight  
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 1,500 DGE of CNG is required, worst case.  
• Two compressor station and one storage tank ($1.5M)  

 
Figure 72 - Manhattan Overnight Layover and Refueling Location 

BNSF – Aurora Overnight Layover and Refueling 
• 19 trains overnight  
• Trains are CNG fueled overnight using CNG slow fill 
• Assume 250 DGE per locomotive or 5,000 DGE of CNG is required, worst case.  
• Three compressor station and two storage tanks ($2.5M) 
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Figure 73 - Aurora Overnight Layover and Refueling Location 
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Metra Maintenance Facility Evaluation for CNG Operation  
Introduction 
The following section provides preliminary observations and recommendations for adaptation of the 
Metra Milwaukee District (Western Avenue) shop and Rock Island (47th Street) shop to a future fleet of 
CNG locomotives. This is not meant to be an exhaustive list of design criteria and that the next step 
would require a specific programming of each facility by architectural, structural, mechanical, electrical, 
and life safety designers as part of a future detailed design effort for facility upgrades. 

The recommendations provided for the two Metra facilities are analogous to the BNSF 14th Street and 
Union Pacific M-19-A facilities as well. It should be noted that fueling of CNG within M-19-A would not 
be recommended as the indoor fueling operation would require even more restrictive requirements 
than those for a maintenance facility; M-19-A CNG fueling would need to be outdoors.  

The Metra maintenance facilities are located within the City of Chicago, as such the Authority Having 
Jurisdiction (AHJ) for permitting and approval is the City of Chicago Department of Buildings. Future 
design teams will need to compile a code compliance matrix (as part of the design effort) to verify the 
changes against the prevailing Chicago Building Code (including the Chicago Electrical Code), NFPA 30A 
(Motor Fuel Dispensing Facilities and Garages), and NFPA 52 (Vehicular Gaseous Fuel Systems Code). It is 
strongly recommended that the chosen design team establish communication with the permitting 
authority during the programming and design process to ensure proper treatment of specific areas 
within the facilities: 

• Class I, Division 1 – Electrical Hazard Zone: expected to contain hazardous 
concentrations of gases (or vapors) in the event of a spill (or leak) which must be 
provided with ignition source protection. 

• Class I, Division 2 – Electrical Hazard Zone: may contain hazardous concentrations of 
gases (or vapors) and must be protected. For compressed natural gas vehicle 
maintenance facilities, Class I, Division 2 classification is utilized for conditions in which 
methane releases could occur but are not expected. This would be the case for an 
unexpected on-board fuel line leak. 

A maintenance facility which services CNG-powered vehicles requires particular safety measures and 
equipment. CNG is composed of mostly methane gas (CH4) with other trace hydrocarbons. As CNG is 
lighter than air, leaked gas will rise to the ceiling of a facility and dissipate. However, if concentrations of 
5%-15% by volume of natural gas meet with an ignition source (spark or high temperature surface), a 
point of combustion may occur, with serious consequences. It should be understood however, that 
natural gas does have a propensity to dissipate rapidly. Additionally, the Lower Flammability Limit of 
CNG is higher than other fuels. With those considerations, facilities which maintain CNG vehicles do 
require different considerations which may not be needed in a traditional diesel fueled vehicle 
maintenance facility. Further, placement and protection of building systems may differ. 
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Figure 74 - Specific Properties of Fuels (from the CNG Vehicle Maintenance Facility Modification Handbook) 

General Facility Requirements 
Facility Use and Classification 
The first step in determining the scope of facility modifications is to perform an assessment of the 
current and intended use. NFPA 30A (Section 3.3.12) provides the following definitions: 

• Major Repair Garage: A building or portions of a building where major repairs, such as engine 
overhauls, painting, body and fender work, and repairs that require draining of the motor 
vehicle fuel tank are performed on motor vehicles, including associated floor space used for 
offices, parking, or showrooms. 

• Minor Repair Garage: A building or portions of a building used for lubrication, inspection, and 
minor automotive maintenance work, such as tune-ups, replacement of parts, fluid changes 
(e.g., oil, antifreeze, transmission fluid, brake fluid, air conditioning refrigerants, etc.), brake 
system repairs, tire rotation, and similar routine maintenance work, including associated floor 
space used for offices, parking, or showrooms. 

While the definitions provided above are primarily intended for automotive repair facilities, they are 
analogous to locomotive maintenance facilities as far as an AHJ is concerned. To further clarify, any work 
that involves service to a vehicle’s fuel system is not permitted in a “minor” maintenance facility; if any 
work which would be classified as “major” will be performed within the facility or space, it must then be 
classified as a “major” repair facility regardless of the frequency and scale of the activity. The distinction 
between “major” and “minor” repair facilities become critical as they define the scope of building 
modifications. 

The Metra locomotive facilities will need to be considered as “major” as each of the locomotive shops is 
capable to perform not only prime mover repair but specific fuel system repairs currently. It is not 
foreseen that this will change with a CNG locomotive fleet as the logistics to shuttle locomotives 
between districts to reach a heavy maintenance facility will become burdensome. Within the locomotive 
shop, as the space is open between bays and tracks and due to facility flexibility, the major repairs are 
assumed to be performed on any track requiring the entire shop area to be considered as “major”.  
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Location Classification 
Within the maintenance facility specific areas shall be designated according to the Class 1, Division 2 or 
unclassified requirements of NFPA 30A and National Electrical Code (NEC) 2017 Table 511.3(D): 

• Class I, Division 2 - Repair garage, major (where lighter-than-air gaseous fielded vehicle are 
repair or stored): Within 450 mm (18 in.) of ceiling (except as noted below) 

• Unclassified locations – Repair Garage major (as described above): Within 450 mm (18 in.) of 
ceiling where ventilation of at least 0.3 m3/min/m2 (1 ft3/min/ft2) of floor area, with suction 
taken from a point within 450 mm (18 in.) in the ceiling 

• Unclassified locations – specific areas adjacent to classified locations: Areas adjacent to 
classified locations where flammable vapors are not likely to be released such as stock rooms, 
switchboard rooms, and other similar locations, where mechanically ventilated at a rate of four 
or more air changes per hour or designed with positive air pressure, or where effectively cut off 
by walls or partitions 

The location classifications are critical to determining the type and location of electrical equipment and 
ventilation treatment required. It is suggested that Metra require a thorough inspection of each facility 
during the programming phases of design in order to properly designate each applicable location. 

Paths of Migration 
As CNG is composed of methane (CH4) with trace hydrocarbons and is lighter-than-air, escaped CNG will 
rise rapidly to the ceiling of an enclosed space upon leak/release from a pressurized tank or pipeline. 
When this release occurs, the CNG accumulates at the ceiling before dissipation throughout the 
building, losing concentration. This evacuation through the building is called the “path of migration.” At 
the ceiling level, gas may accumulate to above 5% (Lower Flammability Limit – LFL) concentration by 
volume. The first line of defense is to design/modify the maintenance facility to properly ensure that the 
ventilation system exhausts the gas as quickly as possible to prevent concentrations in the combustible 
range and that ignition sources are not present within the Class I, Division 2 locations. 

However, even with suitable ventilation and mitigation of ignition sources, dissipated gas may travel and 
accumulate in unintended spaces. For example, gas may accumulate in unsealed pipe and conduit 
penetrations in walls and ceilings or openings for structural members such as joists and beams. These 
penetrations need to be protected either by means of a sealant, barriers, or pressurization (from the 
adjacent space), see Figure 75 for an example of sealed penetrations through a masonry wall.  
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Figure 75 - Example of Sealed Penetrations 

Paths of migration are not limited to small openings; doors with louvers, low walls, stairways and 
passageways to upper levels may also serve as a path of migration. Mitigation means which may need to 
be considered are doors equipped with automatic closing mechanisms as well as documented protocols 
and signage for building occupants to follow.  

Ventilation Considerations 
Adequate air exchanges with the major repair area(s) of maintenance facility are critical for mitigation of 
the hazard presented by accumulated gas at the ceiling level. Mechanical ventilation is necessary to 
provide the required air flow within the facility area. Ventilation also plays a key role in directing 
escaped gas to detection systems, which in-turn trigger alarms and lock-out of other systems. 

It should be noted that the approach discussed with this document are prescribed by NFPA (National 
Fire Protection Association) through related code documents such as NFPA 30A. There is a 
supplemental, or alternate, guidance document – the International Fire Code which covers the design of 
vehicle maintenance facilities. NFPA 30A and the IFC do differ on the requirements for ventilation. The 
ventilation requirements will need to be verified with the AHJ during the design process. Figure 76 
shows some examples of blowers and fans which may be considered. 
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Figure 76 - Sample Catalog for Blower Fans 

International Fire Code (IFC) Ventilation  
The IFC stipulates that major repair facilities require a ventilation rate of one cubic foot-per-minute 
(cfm) for every 12 cubic feet of structure space which is equivalent to approximately five air exchanges 
per hour (ACH). IFC provides the following options for ventilation control: 

• Continuously 
• Continuously, while the space is occupied via interconnection with the lighting system 
• Upon demand for air dilution, which is triggered by the gas detection system 

For the purposes of a major CNG vehicle repair facility, the owner may choose the third option in order 
to reduce energy costs. However, Metra may consider that diesel locomotive repair facilities already 
have a prescribed amount of air exchanges per hour for engine exhaust. Agreement with the AHJ is 
critical during the design process. 

National Fire Protection Association (NFPA) 30A Ventilation 
The NFPA 30A approach is toward sources of gas ignition in the 450 mm (18 in.) below the ceiling line as 
this area is classified as a Class I, Division 2 location. This area may be designated as “unclassified” if the 
structure space has an effective continuous ventilation rate of at least 4 ACH. The electrical devices and 
appliances within a Class I, Division 2 location will need to be relocated or replaced with ones rated for 
that location type service. If the air exchanges can be accomplished, with a suction taken within 450 mm 
(18 in.) from the highest point in the ceiling, then electrical devices and appliances not rated for Class I, 
Division 2 may be allowed (with AHJ approval). 

It should be noted that NFPA 30A does not address ventilation control like the IFC does. Accordingly, the 
AHJ may reference IFC and require a specific control requirement for ventilation. Further, it should be 
noted that if the third option of IFC is selected (gas detection system triggering), then the electrical 
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devices within the 450 mm (18 in.) ceiling location will need to be removed, relocated, or replaced with 
ones rated for Class I, Division 2. 

It should be further noted that an AHJ may require a building owner to meet the most stringent 
requirements of both IFC and NFPA 30A, requiring the ventilation system to be sized for 5 ACH. This will 
need to be determined during the design programming process. 

Ventilation Means 
The means of ventilation may be achieved through various methods. These will need to be determined 
specifically for each facility. It may be possible that additional roof-top upblast fans are required to 
augment the existing ventilation system. Existing upblast fans, if equipped, and new fans will need to be 
rated for Class I, Division 2 locations (for example, as described in NFPA 70E (NEC), Article 501.125 – 
Motors and Generators).  

The ventilation system control may depend on existing or needed additional provisions for make-up air. 
The specific make-up air requirement will need to be determined for each facility. 

Specific strategies for structure ventilation will need to be reviewed between the design engineer, 
Metra, and the AHJ. For example, for reduced energy costs Metra may elect to operate the ventilation 
system only when triggered by the gas detection system; however, as stated above, non-rated electrical 
equipment within the Class I, Division 2 zone needs to be relocated, removed, or replaced. Otherwise 
the ventilation system will need to be active at all times when the CNG locomotives are in the facility – 
which may increase energy and heating costs. 

Heating Considerations 
The heating system within the maintenance facility, particularly within the CNG locomotive maintenance 
area needs to be carefully reviewed for compliance. NFPA 30A (Section 7.6.6) clearly identifies that open 
flames or heating equipment with exposed surfaces having a temperature in excess of 399°C (750°F) 
shall not be permitted in areas subject to ignitable gas concentrations. It should be noted that all 
heating devices within the space (regardless of distance from ceiling) would be subject to this restriction 
and separate space heaters would not be allowed. 

Typical heaters found within locomotive maintenance facilities which would require review are gas-fired 
infrared tube heaters running throughout the building, gas-fired fan blowers at bay doors, and electric 
infrared radiant heaters above walkways. These types of heaters would be prohibited within a CNG 
locomotive maintenance facility. An example of typical heaters seen within a non-CNG maintenance 
facility (and typical to locomotive facilities) is shown in Figure 77.  
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Figure 77 - Example of Infrared Tube Heaters 

Gas-fired infrared tube heaters would need to ensure that any flames are enclosed and that the surface 
temperature is maintained below 399°C (750°F). For facilities with steam heat, review of blower-type 
heaters would be needed to ensure motors are rated for Class I, Division 2 service. An example of a 
heater designed for specialty fuel (CNG/LNG) vehicle repair shops is shown in Figure 78. 

 
Figure 78 - Example of Compatible Infrared Tube Heater (Roberts Gordon Corayvac™) 

Electrical and Installation Considerations 
Electrical luminaires and appliances may present a risk of ignition in the presence of methane within the 
combustion range. Fault sparks as well as expected sparks may serve as the ignition point.  
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Conduits 
Conduits may present a hazard as a fault (short) within a conduit may serve as a spark. Further, conduits 
present a risk of allowing gas to migrate from one area of a facility to another and therefore must be 
sealed.  

As NFPA 30A designates the space of 450 mm (18 in.) from the top of the ceiling as Class I, Division 2, 
the electrical appliances within that space shall need to be rated accordingly or relocated. Conduits and 
junction boxes shall need to be explosion-proof and sealed. Investigation will be needed to determine if 
existing conduits may be sealed to prevent methane gas migration within – however NFPA 70E (NEC) 
Article 501.15(B) defines conduit seals for Class I, Division 2 locations. Specifically, seals are required 
within 3.05 m (10 ft.) of the Class I, Division 2 location boundary. Further, rigid metal conduit or 
intermediate threaded conduit shall be used between the sealing fitting and the point at which the 
conduit leaves the Class I, Division 2 location, and a threaded connection shall be used at the sealing 
fitting. The conduit run between the conduit seal and the point at which the conduit leaves the Class I, 
Division 2 location shall contain no union, coupling, box, or other fitting except for a listed explosion-
proof reducer installed at the conduit seal. 

 
Figure 79 - Example of Conduit Fittings and Sealing Required for Class 1 Locations 
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Non-Insulated / Exposed Parts 
NFPA 70E (NEC) Article 501.25 stipulates that there shall be no un-insulated or exposed parts such as 
conductors, terminals, buses, etc. that operate at more than 30V and shall need to be protected by a 
design scheme which renders the circuit as intrinsically safe (as defined in NEC Article 504), 
nonincendive circuit, or nonincendive system. For a locomotive maintenance facility, this will particularly 
apply for overhead crane exposed contact rails. Verification of the contact rails to the ceiling height will 
be critical for each facility by the design team in order to determine the best mitigation means. 

Grounding 
NFPA 70E (NEC) Article 501.30 provides some additional guidelines for equipment grounding within a 
Class I, Division 2 location. Specifically, bonding jumpers are required for raceways, fittings, boxes, and 
enclosures.  

Surge Protection 
NFPA 70E (NEC) Article 501.35 (B) provides requirements for surge arrestors allowed in Class I, Division 2 
locations. Non-arcing devices shall be permitted. 

Switches, Circuit Breakers, Motor Controllers, and Fuses 
NFPA 70E (NEC) Article 501.115 (B) provides the requirements for switches, circuit breakers, motor 
controllers, and fuses which may be located in Class I, Division 2 locations. The article requires that 
these devices be installed within enclosures rated for Class I, Division 1 locations; however, general 
purpose enclosures may be allowed if any of the following conditions are met: 

• Interruption of current occurs in a chamber that is hermetically sealed against the entrance of 
gasses or vapors 

• Current make/break contacts are oil immersed 
• Interruption of current occurs within an enclosure identified for the location and marked as 

“Factory Sealed”, “Seal Not Required”, etc. 
• Solid state switching devices are used and the surface temperature of the device does not 

exceed 80% of the auto-ignition temperature of the gas involved 

Specific to fuses, standard fuses are permitted if located within an enclosure rated for the location, 
otherwise hermetically sealed types must be used.  

In a locomotive maintenance facility, it may not be usual to expect contactor and fuse enclosures at the 
ceiling level, however specific site surveys shall be needed to capture any of these devices by a design 
engineer. 

Rotating Equipment 
NFPA 70E (NEC) Article 501.125 (B) provides the requirements for motors, generators, and other 
rotating electrical machinery rated for Class I, Division 2 locations. Rotating equipment is allowed in the 
location if any of the following conditions are met: 

• Identified for Class I, Division 2 locations 
• Identified for Class I, Division 1 where sliding contacts, centrifugal switching mechanisms, or 

integral resistance devices (while starting or running are employed) 



 

LTK Engineering Services  Page 113 of 175 

• Be open or non-explosion proof motors such as squirrel-cage motors without brushes, switching 
mechanisms, or other arc-producing components that are not listed for Class I, Division 2 
locations 

 
Figure 80 - Example of Class I, Division 2 Rated Motor Nameplate 

These devices shall also comply with both of the following (as applicable): 

• Exposed surface of space heaters used to prevent condensation of moisture shall not exceed 
80% of the auto-ignition temperature of the gas involved  

• Sliding contact shaft bonding device used for the purpose of grounding the rotor shall be 
permitted where the potential discharge energy is considered nonincendive for the 
application 

NFPA 70E (NEC) Article 501.125 (B) also provides an informational note with reference to IEEE 1349-
2001, IEEE Guide for the Application of Electric Motors in Class I, Division 2 and Class I, Zone 2 Hazardous 
(Classified) Locations. It should be further noted that the design of a motor for the location is critical. 
The design considers that the enclosure shall need to be explosion-proof, the internal fan is a non-
sparking material type, and cable terminal housings are rated for the location. 

Luminaires 
NFPA 70E (NEC) Article 501.130 (B) provides guidance for the selection of luminaires rated for Class I, 
Division 2 locations. NFPA 30A also stipulates that luminaires must be explosion-proof. It is 
recommended that luminaires be moved away (lowering) from the ceiling, out of the Class I, Division 2 
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location as the simplest solution. If the luminaires cannot be moved, then they will need to comply with 
the following: 

• Sealed and gasketed explosion-proof enclosure 
• Be of a type tested to ensure that the external temperatures shall not exceed 80% of the auto-

ignition temperature of the gas involved  
• Protected from physical damage by suitable guards or location 
• Pendant luminaires are required to be suspended by threaded rigid metal (or threaded 

intermediate metal) conduit stems 
• Stems longer than 300 mm (12 in.) shall require lateral bracing 

Locomotive maintenance facilities typically are equipped with high-bay pendant luminaires. As stated 
above the primary strategy should be to lower the fixtures; this approach should be checked with the 
AHJ during the design programming process. An example of a luminaire rated for Class I, Division 2 
locations is shown in Figure 81. 

 
Figure 81 – Example of Class I, Division 2 Rated Luminaire – Hubbell CLH 

Signaling, Alarm, Remote-Control, and Communications Systems 
NFPA 30A designates that low-voltage wiring, containing conduits (although still required to be sealed to 
prevent migration of gas to other locations) may be exempt from the requirements of Class I, Division 2 
locations if non-sparking; however, this will require specific approval by the AHJ. NFPA 70E (NEC) Article 
501.150 (B) provides guidelines for the selection of low voltage equipment that may be used within the 
Class I, Division 2 location. The simplest option may be to relocate low voltage equipment not rated for 
Class I, Division 2 locations away (lowering) from the ceiling level. 
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Interlocking and Other Considerations 
While the main focus of a maintenance facility may be in the Class I, Division 2 location, an AHJ may 
require some additional modifications external to that location and within the structure. The following 
are examples which may be followed by a design engineer during the programming stages: 

• Interlocking of bay doors to a methane detection system – automatically open all bay doors if 
considerable levels of methane are detected 

• Interlocking (shunt-tripping) of overhead cranes to a methane detection system – automatically 
remove crane power if considerable levels of methane are detected 

• Interlocking (shunt-tripping) of other building loads to a methane detection system 
• Electrical devices outside of the Class I, Division 2 location may require modification – explosion-

proof enclosures may be required 

Gas Detection and Warning Systems 
NFPA 30A specifically describes that “repair garages used for the repair of vehicle engine systems fueled 
by non-odorized gases shall be provided with an approved flammable gas detection system.” [underline 
added for emphasis]. While this may indicate that a gas detector may not be necessary for CNG-
powered vehicle maintenance facilities, an AHJ may require the detectors regardless. For the purposes 
of planning, a gas detection system should be assumed in the basis for design for locomotive 
maintenance facility modifications.  

NFPA 30A provides requirements for the design of the gas detection system – activate when the level of 
flammable gas exceeds 25% of the lower flammable limit (LFL). Upon detection of the gas level, the 
detection and warning system (associated with the sensors) shall perform all of the following actions: 

• Initiate distinct audible and visual alarm signals in the facility 
• Deactivate the heating systems in the facility 
• Activate the mechanical ventilation system, interlocked with the detection system 

NFPA 30A further describes the steps required if there is a failure of the gas detection system: 

• Deactivate the heating systems in the facility 
• Activate the mechanical ventilation system 
• Where the ventilation system is interlocked with the gas detection system, generate a fault 

signal to be generated in an approved location 

As can be seen, these requirements provide significant leeway for an AHJ to provide further guidance. 
Design and interlocking of the gas detection system should be thoroughly reviewed with an AHJ during 
the design programming phase. As noted above, NFPA 30A doesn’t strictly require this type of system 
for a CNG facility (assuming the natural gas used contains Mercaptan, odorizing agent); however, it is 
strongly recommended for safety reasons, and may be required by not only the AHJ but other external 
stakeholders such as insurance underwriters, neighboring communities, etc. 

Detector Types and Considerations 
The Compressed Natural Gas Vehicle Maintenance Facility Modification Handbook (United State 
Department of Energy, 2017) provides some guidance toward integration of gas detection sensors 
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within a maintenance facility. The sensors are typically installed at the highest point of the ceiling level. 
Two types of detectors are primarily utilized: 

• Catalytic bead: these types of detectors require periodic replacement of internal components 
and more frequent calibration cycles; this may prove challenging within a high bay locomotive 
maintenance facility 

• Infrared: these types of detectors are available in two varieties: 
o Point monitoring: where a specific location, point, in the ceiling is monitored for 

methane gas levels 
o Beam monitoring: where a specific path, beam, is monitored for the presence of 

methane gas 

It should be noted that there is no “standard” approach for the layout and selection of sensors within a 
facility – the exact layout will need to be determined during the design programming stages with input 
from the AHJ. One important consideration is calibration of the sensors. Exact calibration schedules are 
dependent on individual equipment suppliers, but it may be as frequent as every 12 months. For this 
reason, a separate tube is suggested for calibration gas to be provided. An example from the Emerson 
SC311 Infrared Combustible Gas Sensors manual is provided below in Figure 82. 

 
Figure 82 - Example of Infrared Gas Detector Installation Diagram – Emerson Millennium II 

Sensor Calibration 
Calibration is performed via a pressurized handheld vessel connected to the calibration tube, allowing 
pre-mixed trace methane levels to be sent to be piped to the sensor. Careful consideration of the 
calibration tubing length will be needed for the tubing length to account for gas flow rates. The 
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calibration must be performed in order to determine the accuracy of the 25% reading of the LFL, as 
recommended by NFPA 30A.  

In addition to the yearly calibration, manufacturers may recommend an even more stringent “bump 
test” schedule (e.g. quarterly). This will include a visual inspection, and application of a known gas 
concentration to simulate an alarm condition. If the bump test does not provide the alarm response, 
then a calibration may need to be performed, followed by another bump test for verification.  

For a locomotive maintenance facility with high bay ceilings quarterly bump tests and annual 
calibrations may pose a real challenge based on the calibration tube length. These activities may still 
require the use of a lift or bucket truck – as well as replacement of sensor elements. 

Further, deposits of dirt, soot, and other particulates may present challenges for sensors – reaffirming 
the need for bump tests and calibrations. 

Warning Systems 
The building warning / control system which the sensors are integrated with may be required to 
facilitate specific actions such as visible and audible alarms, triggering of ventilation systems, and shunt 
trip of heating systems as noted in this document. The Compressed Natural Gas Vehicle Maintenance 
Facility Modification Handbook (United State Department of Energy, 2017) provides an example table of 
conditions and LFL levels for two stages of detection, as shown in Figure 83 below.  

 
Figure 83 - Example of Two Stage Methane LFL* Detection Scheme (CNG Vehicle Maintenance Facility Modification Handbook) 

* “20% LFL” represents 20% of the LFL for methane (LFL is 5% of methane to air mixture); a 20% LFL reading would amount to 
1% of overall methane to air mixture. 
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Specific Observations / Suggestions for Metra Facilities 
As NFPA 30A, NFPA 52, and NEC provide code requirements and guidelines for installation, specific 
considerations are needed for the Metra locomotive maintenance facilities. The following section is not 
meant to be exhaustive but rather to give initial observations which will serve as a basis for future 
design work. Specific and complete requirements, recommendations, and design criteria will need to be 
established in the design programming phase of a facility modification design effort. This work will 
require the assistance of licensed mechanical, electrical, and fire protection system engineers as well as 
an architect for possible envelope modifications.  

Each of the locomotive maintenance facilities will need to be considered as well as other facilities where 
locomotives may be expected such as heavy repair facilities (e.g. KYD and 49th St Shop). One 
consideration for other facilities may be procedural solutions which prevent any locomotive from 
entering the facility without prior evacuation (defueling) of the CNG within the onboard storage tanks.  

Metra Rock Island District – 47th Street Locomotive Shop 
The 47th Street locomotive shop is a stand-alone locomotive maintenance facility within the 47th-49th-
51st Street complex. The 47th Street locomotive shop is the daily inspection shop for Rock Island District 
locomotives as well as a heavy maintenance facility for Metra locomotives in general (capital 
improvements and component replacement activities). The facility is designed as a “dead-end” shop, 
with space for two locomotives in each bay. The shop has six bays with ramps for daily service and 
periodic inspections and two bays for heavy maintenance and overhaul activities (although only one is 
used for locomotive parking). The heavy maintenance bay is equipped with an overhead crane and truck 
drop table. 

Class I, Division 2 Locations 
Within the 47th Street locomotive shop, according to the definitions provided by NFPA 30A, the Class I, 
Division 2 location would be 450 mm (18 in.) from the ceiling levels. It should be noted that this facility 
has two ceiling levels: high bay ceiling in the heavy maintenance (crane and drop table) area and low bay 
ceiling for the running maintenance tracks. The high bay ceiling is predominantly one level with glass 
block windows on the east and west sides. The low bay ceiling has two levels: low ceiling and high ceiling 
for skylights. As the high ceiling represents the highest points in the ceiling, ventilation and sensor 
considerations will need to be considered there. However, it may be required to have some sensor 
capabilities within the low ceiling areas as the change between high and low ceiling is abrupt and 
pockets of trapped gas may be within the low ceiling in the case of an un-planned release within the 
facility or dependent on locomotive location along the tracks. 

Unclassified Locations 
The unclassified locations within the facility, will be the area outside of the 450 mm (18 in.) from the 
ceiling and adjacent rooms. It should be noted that even in the area below 450 mm (18 in.) from the 
ceiling, heating considerations as described in this report will need to be considered (no space heaters, 
no exposed flames, or sparks) and may require the replacement of existing blower motors and overhead 
door motors. 

The adjacent storehouse and train washer bay walls will need to be checked for penetrations into the 
shop (conduits, pipes, etc.) and sealed accordingly. The electric and machine shop to the west of the 
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heavy maintenance area may require fixed doors. The foremen’s office is already physically separated 
from the maintenance area via a closed door. The lunchroom and lower level doors will need to be 
verified to ensure physical separation from the maintenance area.  

Heating System 
The heating system within the facility is steam piping to circular blowers. These blowers are located 
throughout the building including above the bay doors. The heaters and steam piping are shown in 
Figure 84. While steam heat itself should not pose a danger for methane, as surface temperature should 
be at the steam condensing point of 100°C (212°F), the particular blower motor within the assembly will 
need to be verified if the AHJ deems this to be a risk, particularly in the service bays where the heater is 
closer to the ceiling level than the heavy maintenance bays. It should be noted that the steam pressure 
at the boiler outlet was not checked; accordingly, the pressure at the steam trap (in-line with each 
heater) has not been verified. This is important as the steam pipe may be at a higher temperature than 
the condensing point at the steam trap. It would not be reasonable to expect this to be in excess of 
399°C (750°F) however. 

 
Figure 84 - 47th Street Shop Heaters – Steam Heat / Blowers 

Ventilation System 
As the facility is currently equipped with only a partial ventilation system for the locomotive exhaust in 
specific maintenance bays, an entire ventilation system for the facility will need to be developed to 
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accomplish up to 4 ACH, if the design calls for triggering by the methane detection system. The 
ventilation requirement may need to be met not only with upblast blowers but with forced air from 
outside. 

Lighting 
The facility is equipped with traditional pendant high-bay luminaires at the ceiling level. These are of the 
most interest with regard to the Class I, Division 2 location classification. An example from the heavy 
maintenance bay is shown in Figure 85. These luminaires may be able to be lowered from the Class I, 
Division 2 boundary of 450mm (18 in.), however their associated conduits will need to meet the 
requirements of Class I, Division 2 as described in this report. If the scope of modification requires 
replacement of conduits, then it may be prudent to replace the luminaires with ones rated for the 
location and upgrade to modern Light Emitting Diode (LED) type. 

 
Figure 85 - 47th Street Heavy Repair Bay - High Bay Luminaires 

Ceiling Electrical and Conduits 
As the lighting in the 47th Street Locomotive shop will need to be lowered outside of the Class I, Division 
2 location or replaced with ones listed accordingly, light circuit conduits will need to be replaced with 
sealed, threaded metallic (intermediate or rigid) type. Conduits for blower fans will also need to be 
evaluated for specific runs and sealing for conformance to the location requirements. 
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Other Observations 
As described in this report, additional ventilation to meet the required air exchanges will be needed. The 
47th Street Locomotive shop does have elevated ceiling sections with windows for natural lighting. These 
sections can be used for the installation of exhaust fans to facilitate the required air exchanges. As 
described in this report, interlocking of a methane detection system with bay doors may be required. 
The bay doors within the 47th Street Locomotive shop are electrified and will require tie-in to the sensor 
control system. 

It should be noted that calibration and inspection of the methane detectors may be a challenge due to 
the ceiling height, particularly in the high ceiling area. Calibration tube lengths (if used) will need to be 
verified and coordinated with pressure vessel capacities which may be used for calibration purposes. 

Metra Milwaukee District – Western Avenue Locomotive Shop 
The Western Avenue Locomotive shop is part of a combined facility, with three bays for coaches and 
three bays for locomotives. The two portions of the shop are divided by a full partition wall. The facility 
is designed as “run-through”; fueled locomotives enter the building from the north end for daily service 
and exit the south end of the shop. The locomotive shop consists of three tracks, two of which are 
accessible by a ramp and are used for daily and other periodic inspections or running repairs; the other 
track is used for heavy repairs. One track is used as a heavy-repair and is equipped with a truck drop 
table.  An overhead crane has access to the three tracks within the locomotive facility.  

Each bay door is equipped with an overhead gas-forced air blower. The main heat source for the 
building is a network of ceiling-suspended gas infrared tube heaters with reflective shields. The building 
is equipped with an exhaust system to evacuate diesel locomotive emissions.  

Class I, Division 2 Locations 
Within the Western Avenue Locomotive shop, according to the definitions provided by NFPA 30A, the 
Class I, Division 2 location would be 450 mm (18 in.) from the ceiling level. The locomotive maintenance 
portion of the facility has only one ceiling level – high bay. The ceiling supports ducting which is 
currently used to remove diesel exhaust from the building. The ducts and luminaires are below the 
highest level of the ceiling. As the high ceiling represents the highest points in the ceiling, ventilation and 
sensor considerations will need to be considered there.  



 

LTK Engineering Services  Page 122 of 175 

 
Figure 86 - Western Avenue Locomotive Shop Ceiling View 

Unclassified Locations 
The unclassified locations within the facility will be the area outside of the 450 mm (18 in.) from the 
ceiling and coach shop. It should be noted that even in the area below 450 mm (18 in.) from the ceiling, 
heating considerations as described in this report will need to be considered (no space heaters, no 
exposed flames, or sparks) and may require modification of the existing gas-fired infrared tube heater 
system. 

The adjacent coach shop will need to be checked for penetrations into the shop (conduits, pipes, etc.) 
and sealed accordingly. 

Heating System 
The heating system within the facility is gas-fired infrared tube heaters. This heating system would need 
to be modified to ensure that any flames are enclosed and that the surface temperature is maintained 
below 399°C (750°F).  

Gas-fired hot air blowers are used for directional heat at each bay door. These types heaters would need 
to be removed and replaced with ones that do not have exposed flames, with blower motors rated for 
Class I, Division 2 locations. 
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Figure 87 - Bay Door Heater Blowers 

Ventilation System 
The existing ventilation system is composed of the exhaust removal ducts and upblast fans at the ceiling 
level. There may need to be additional upblast fans considered in addition to evaluation of the existing 
exhaust system’s capability for air exchanges.  

Lighting 
The existing lighting system consists of high-bay pendant luminaires, suspended from the ceiling. The 
pendants appear to be outside of the Class I, Division 2 boundary, 450mm (18 in.), from the highest 
point of the ceiling. However, the electrical conduit for these pendants will need to be evaluated.  

Ceiling Electrical and Conduits 
As noted above, the lighting in the Western Avenue Locomotive shop appears to be outside of the Class 
I, Division 2 location; however light circuit conduits may need to be replaced with sealed, threaded 
metallic (intermediate or rigid) type. Conduits for blower fans will also need to be evaluated for specific 
runs and sealing for conformance to the location requirements. 

Other Observations 
As described in this report, ventilation to meet the required air exchanges may be needed. The bay 
doors within the Western Avenue Locomotive shop are electrified and will require tie-in to the sensor 
control system. Interlocking with the overhead crane may be necessary to remove crane power if 
methane levels are detected. Location and spacing between methane sensors will need to be 
determined for the facility, with consideration of ceiling obstructions like the ventilation system ducts 
and overall large area of the ceiling.  



 

LTK Engineering Services  Page 124 of 175 

It should be noted that calibration and inspection of the methane detectors may be a challenge due to 
the ceiling height. Calibration tube lengths (if used) will need to be verified and coordinated with 
pressure vessel capacities which may be used for calibration purposes. 

BNSF – 14th Street Shop 
The BNSF 14th Street facility is nearly identical to the Metra Milwaukee District Western Avenue facility. 
The modifications would be very similar as the buildings have the same type of features and amenities. 

Union Pacific – M-19-A Shop 
The Union Pacific M-19-A facility is unique compared to the other locomotive maintenance facilities as it 
is configured for fueling within the building (two dedicated fueling bays) in addition to typical exterior 
fueling. In order to accommodate interior fueling of CNG (to match similar operations for diesel), the 
bays would be classified as Class I, Division 1. This classification would require replacement of the 
electrical equipment within the bays with equipment rated for the location. It is suggested to consider 
CNG fueling exterior to the facility. The maintenance and diesel fueling bays would then fall under the 
Class I, Division 2 requirements as described in this report – considerations for lighting, conduit, and 
heat sources. 

Repair/Modification Activities within Locomotive Shops 
It should be noted that heavy repairs to the locomotive fueling system, welding, and torch-cutting likely 
will necessitate procedural changes to de-fuel (evacuate) the CNG storage tanks. Further, these repairs 
may need to be performed in an open area of the shop, away from locomotives undergoing running 
maintenance and non-fuel evacuated repairs. This will need to be evaluated by Metra’s Mechanical and 
Safety departments to determine the appropriate procedures.  
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Metra Locomotive Modifications  
Introduction 
The Metra locomotives all have a 2-cycle engine built by EMD. The locomotive engine is suitable for a 
dual fuel configuration. The engine is reconfigured with bolt on components to optimize the use of 
natural gas ignited during combustion. The engine models METRA uses are the following: 

• 16-645E3B 
• 16-645F3B 
• 12-710G3A 

Figure 88 below represents a typical EMD engine. 

 
Figure 88 - Typical Two Stroke Turbocharged EMD Engine 

The engine models have different horsepower and cubic inch displacement but operate in a similar 
fashion. The engine is either mechanically injected or is equipped with electronic unit injection 
responding to a corresponding discrete engine rpm request. They are a series of 8 “throttle” speed 
requests that results in an rpm to drive the main alternator. The dual fuel system will not alter the rpm 
request. 
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Table 23 - CNG Substitution Notch Schedule 

CNG Substitution by Notch 
provided by EE 

Throttle Diesel  CNG 
Dynamic Brake 100% 0 

Idle 100% 0 
Notch 1 100% 0 
Notch 2 100% 0 
Notch 3 30% 70% 
Notch 4 30% 70% 
Notch 5 20% 80% 
Notch 6 20% 80% 
Notch 7 10% 90% 
Notch 8 10% 90% 

General Locomotive Requirements 
The work scope for the locomotive dual fuel is similar to a light overhaul. The radiator and engine 
hatches will need to be removed to install a separate aftercooling radiator and there will need to be 
access to the underside to install CNG tanks and relocate the air piping and reservoirs, and possibly the 
battery box. 

The typical dual fuel system will use: 
• New pistons 
• New cylinder heads 
• Gas regulator 
• Injectors 
• Gas plumbing lines 
• Aftercoolers 
• CNG tank ~ 300 DGE (may be integral with diesel fuel tank) 
• Diesel fuel tank 
• ISO standard filling nozzles 
• Flow valves 
• Radiators and water pump for separate aftercooling, if not equipped 

The diesel engine control will be from a governor or electronic engine control but will have the gas 
injection timed to coincide with the combustion of the diesel fuel. The system will require control wiring 
for the engine throttle inputs and monitoring equipment. An example of CNG equipment on an 8-
cylinder EMD engine is shown in Figure 89. The CNG supply in the figure is provided by the manifold 
running along the top deck. 
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Figure 89 - CNG Dual Fuel Adapted on a Two Stroke EMD Engine 

The piston is modified to lower the compression ratio which is substituted by the gas volume. The gas is 
injected as compression begins. The figure below shows the typical cylinder head as installed, on a 
mechanically injected 16-645 engine. 

 
Figure 90 - Typical 645 Engine Head as Installed (Diesel Fuel Only) 

 

CNG Manifold 
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Figure 91 - Cylinder Head with Gas Injector 

The CNG cylinder head shown in figure 91 has been modified to accept a gas injector, (diesel fuel lines 
are not shown). The dual fuel head can be bolted directly to the existing liner in this example. The Dual 
Fuel head can be bolted directly to the existing liner. This in-carbody work would not require removing 
the hatches since only the head would be removed. 

 

Gas Injector 
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Figure 92 - Cylinder Head with Gas Injector as Installed (Dual Fuel) 

In addition to the equipment required for a CNG dual fuel, there will be modifications to the in-carbody 
and underframe equipment. At a minimum some of the air piping such as the air dryer will require 
relocation to accommodate the additional CNG equipment. The piping may be routed above or around 
the new CNG equipment. The system would require mapping to limit number of elbows added. The 
existing fuel tank has two options. The first would be to leave the tank in place and add several CNG 
cylinders. The second option will be to remove the existing diesel fuel tank and replace with a new 
design to remain in the same location. The new design of the tank would have the CNG cylinders 
integrated with the diesel fuel tank. With either design the underframe will need to have brackets 
designed and fabricated to hold the fuel tanks.   

As previously discussed, there are two manufacturers of the CNG dual fuel equipment for METRA 
locomotives applicable to the EMD 16-645 and the 12-710 engines. The EMD 12-710 powering the 
F59PH would require electronic fuel injection as a pre-requisite for dual fuel installation. 

Progress Rail Services (formerly Electro-Motive) was the builder of the F59PH and F59PHI and the 
F40PH. They have worked with the class I railroads in the development of dual fuel use on the 16-710 
engine and have the capability to apply the same engineering on the 12-cylinder 710 engine. Progress 
Rail can supply equipment to install dual fuel CNG/diesel equipment on the locomotive. The control 
equipment would be compatible with EM2000 and EMDEC locomotive control systems. The gas 
injection system is through the scavenged air system in the air box. The natural gas is directly injected 
while the piston is at the bottom of stroke.  

Peaker Rail Services through acquisition of Energy Conversion Inc. (ECI) has developed the equipment 
for the 16-645 engine and have completed some development on the EMD 710 engine. The system for 
the 16-645 engine had been developed and tested on the BNSF and CN. That particular system would 

Gas Injector 
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need to be further developed to use electronic fuel injection and further improve diesel exhaust 
emissions. In a recent interview with ECI/EE it was learned that they are working closely with Woodward 
on a new controller. 

When performing the dual fuel conversion, a good practice would be to replace the lower connecting 
rod bearings when replacing the piston. To get the most benefit Metra should select a locomotive 
certified to Tier 0+ for the CNG dual fuel conversion. It is the lowest emissions level besides an 
unregulated engine. The CNG will provide an improvement of the emissions and would be validated with 
testing and emissions certificate. 

OptiFuel has developed a CNG/diesel system for a multi engine Caterpillar C18 engine retrofit which is 
currently used on switch engines. Optifuel has provided some multi-engine conceptual designs using a 
combination of a Tier 4 diesel prime mover and CNG powered auxiliary engines that could be adapted to 
Metra, but requiring an extended (approximately 70 ft.) frame.  These will be provided in the 
proprietary appendix. 

On-Board Safety Equipment 
It is suggested to evaluate locations within the main engine compartment for a methane detection 
system. In the case of a leak during running, the methane detection system can shut down the engine 
and associated rotating equipment loads. The equipment suppliers provide methane detection and NG 
shutoff systems as part of the onboard fuel control systems, the same as can be found on other NG 
powered vehicles. Natural gas-powered locomotives must meet the stringent safety requirements 
applicable to any NG powered vehicle per the requirements of the National Fire Protection Agency 
(NFPA) and are also subject to the approval of the Federal Railroad Administration (FRA) as noted in the 
Required Safety Studies section of this report. 

Locomotive Modification Costs 
The cost will vary by locomotive by engine model and respective control system. Each locomotive will 
require a separate loop aftercooling system installed. Budgetary estimates for the 645 engine are on the 
order of $475,000 for the engine equipment. Budgetary estimates for the 710 engine would be 
approximately $500,000.  It is estimated that each kit installation would require approximately $150,000 
of labor. It is expected that the cost would decrease after the pilot installation. The locomotive engine 
will require emissions testing and certificate upon completion. The cost of the emissions testing and 
certification will be approximately in a range of $200,000-$300,000 in addition to the modifications. This 
will be a one-time cost and may be borne by the engine conversion equipment supplier but is included 
in estimating. The locomotives may need 3 different engine family certificates; However, the 710 
engines can likely be equipped the same and may need a single emissions certificate covering both 
locomotives. 
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CNG Conversion Project Timeline 
A high-level project timeline was developed for full implementation of the dual fuel conversion for the 
Milwaukee District. Figure 93 provides the project timeline with major tasks and milestones identified. 
The timeline is shown to provide an estimated overall duration for the project starting with the project 
planning phase including the initiation of submittal for approval by the FRA. Engaging the FRA as early as 
possible in the conversion process is critical. This can be done by providing the test plan and related 
information previously identified which follows the guidelines that they have set for plan approval.  

The project planning phase is followed by the detailed Engineering phase for the locomotives, facility 
conversion and fuel station design, estimated at a 12-month duration. It is anticipated that following the 
engineering phase there would be requests for proposals from Metra for the construction of the fueling 
facilities and the shop facilities modifications. It was assumed that the Metra crafts personnel 
(electricians, machinists and sheet metal/structural fabricators) would perform the locomotive 
conversion work. The conversion materials (engine conversion kits, fuel tanks and ancillary equipment) 
would need to be procured before the work could commence. 

 
Figure 93 - Metra Dual Fuel Conversion Timeline - Milwaukee District 

Figure 94 details the anticipated pilot locomotive build, test and acceptance timeline leading to revenue 
service, estimated as a 6-month process. Time estimates were based on information provided by the 
conversion equipment supplier from past experience. It is anticipated that the equipment supplier 
would provide an onsite resource for technical assistance and testing throughout the pilot phase. As a 
minimum, the Western Avenue fueling station must be completed prior to start of testing. Training of 
the operations and maintenance personnel on both the technical and safety aspects of using CNG on a 
locomotive would occur during this timeframe as well as training for the Metra personnel involved in 
refueling and other yard support activities. Four weeks of static testing are assumed, followed by a 10-
week track test and evaluation phase, conservatively estimated to provide ample time to work through 
unanticipated issues and to obtain FRA acceptance for revenue service. 
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Figure 94 - Pilot Locomotive CNG Conversion Timeline 

Figure 95 illustrates a timeline for full Milwaukee District locomotive fleet conversion for all 38 
locomotives. Again, the assumption is that the work would occur in Metra’s shops using their craft labor.  
It is assumed that each locomotive conversion and test phase would encompass three months and the 
conversions would be staggered to complete at a rate of one conversion per month. As shown, at this 
rate the conversion of the 38 locomotives would take about three years. This could be improved if 
Metra wished to take a more aggressive approach by removing a greater number of locomotives from 
service, conversion activities could be outsourced to a locomotive repair facility. One of the locomotive 
engine conversion equipment suppliers, Progress Rail, has this capability. 

 
Figure 95 - Locomotive Fleet Conversion Timeline 
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Required Safety Studies 
Safety of CNG 
CNG primarily consists of methane. Because methane is an odorless gas it is odorized with Mercaptan to 
make it detectable at a concentration as low as 0.3% by volume in air, about 16 times lower than the 
level which will support combustion. 

As discussed in the Facilities Modification section, CNG has a high ignition temperature, about 1,000 
degrees Fahrenheit, compared with about 410 degrees Fahrenheit for diesel. It also has a narrow range 
of flammability; in concentrations in air below about 5 percent and above about 15 percent, natural gas 
will not combust. The high ignition temperature and limited flammability range reduce the likelihood of 
accidental ignition or combustion of CNG. Per the CNG Safety Data Sheet, there are no known toxic 
effects when exposed to moderate concentrations and it is noncorrosive. Since CNG is lighter than air, in 
the event of an outside leak, the gas disperses upwards and dissipates into the atmosphere. Methane 
leak detectors will also readily detect a leak and can provide an alert, or if part of a locomotive CNG 
injection control system can quickly interrupt flow to isolate the leak. 

Indoor leaks can be dissipated with sufficient ventilation as discussed previously. Its primary hazard 
stems from the high pressure (3,600 to 4,500 psi) when stored in pressurized gas cylinders. Thus the gas 
storage cylinders must be periodically inspected and maintained. NFPA 52, the Vehicular Gaseous Fuel 
Systems Code sets requirements for tank manufacturing, inspection, marking, and testing. There are 
also end-of-life requirements for each tank, with an expiration date marked on the tanks, for removal 
from service. 

FRA Requirements for NG Locomotives 
On August 26, 2013, the Acting Associate Administrator for Railroad Safety/Chief Safety Officer of the 
Federal Railroad Administration (FRA), published a letter to the AAR, ASLRRA and APTA outlining their 
guidelines for any railroad entity wishing to evaluate NG as a fuel source for their fleet. The letter 
provides an overview of FRA authority to regulate LNG and CNG locomotives and tenders.  The letter 
also summarizes the key elements of information necessary to facilitate timely evaluation and approval 
by the FRA of testing programs to evaluate the efficiency, feasibility, and reliability of LNG and CNG 
powered locomotives and fuel tenders. The guidelines are written to cover both on-board fuel storage 
and a separate fuel tender. The intent of this letter is to clarify to the major rail industry organizations 
the specific items to present to the FRA to gain approval for testing of a NG powered locomotive in 
railroad service. This letter clarifies the steps for a rail authority to take to gain FRA approval for an LNG 
or CNG pilot or “test” program. Although prepared primarily for the freight rail industry, it is also 
applicable to passenger transit. The letter can be found referenced in the report appendix. Two sets of 
guidelines were provided. 

The first set consists of information to be submitted to the FRA prior to a meeting on the use of either 
LNG or CNG in railroad service, which must be submitted two weeks prior to the meeting. The list of 
information as enumerated in the letter is as follows: 

1) Statement of the objective of the meeting and the benefit to the vendor from such a meeting (what 
is the expected outcome of the meeting?). 
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2) Clear description of the system to be tested, summary of the overall test plan, goals to be achieved 
in the test, and the principal elements that will be evaluated. 

3) List of the project team members and their respective duties. Include specific statements on 
whether the team includes representatives from labor unions. If not, please explain why. 

4) Details of the project plan for the tests. This should include, but not be limited to, the following 
items: 
a) Test plan. 
b) Schedule and milestones. 
c) Location of tests. 
d) Coordination with other stakeholders (vendors, subcontractors, emergency response 

institutions, etc.). 
e) Alternative approaches, if any. 
f) Physical layout, operational descriptions, flow diagrams, etc. 
g) Equipment design information (marked as confidential, proprietary, not for distribution). 

5) Evaluations of personnel and public safety issues during both the test phase and the operational 
phase. 

6) Types of data that will be collected, including an explanation of why and how these may be used in 
the design of the operations. 

7) Issues that can be resolved by the railroad or vendor, and those which are external (and 
uncontrollable). 

8) List of all regulations directly or indirectly applicable, indicating how compliance with the regulations 
will be achieved. Prepare a list of items for which a waiver from the requirements of the Federal 
regulations will be required for the purpose of testing. 

9) Request for waiver from the requirements of the applicable Federal regulations for execution of the 
test plan, if compliance is not achievable. 

10) List of potential benefits from the proposed plan to the industry and the public.  
11) Set of specific questions that require a response from FRA.  
 
The letter also states that “… any vehicle that carries natural gas or any other material being used to fuel 
attending locomotives is subject to FRA's statutory authority under 49 U.S.C. Chapter 207, Locomotives 
(formerly known as the Locomotive Inspection Act (LIA)), as well as other regulations applicable to 
locomotives and locomotive tenders.” As addressed in the Best Practices report, all applicable railroad 
locomotive and passenger equipment safety standards must be met. 
            
The second set of guidelines pertains to submittal of the test plan to the FRA for approval to test the use 
of CNG or LNG in railroad service which must include: 
1) All items identified above when a meeting with FRA is requested. 
2) Detailed structural analysis documentation and any relevant test data to support the safe operation 

and crashworthiness of the equipment and fuel storage elements (note: additional analysis or 
validation tests may be required by FRA). 

3) Procedures for equipment maintenance and testing. 
4) Risk analyses addressing, at a minimum, the following items, where applicable: 
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a) Fueling operations. 
b) Leak detection and response. 
c) Locomotive and tender separation (protection of crew). 

i) Survivability of tender, appurtenances, and connections in rail environment. 
ii) Crashworthiness (in such scenarios as derailment, collision, sideswipe, etc.) 
iii) Fatigue life 
iv) Excessive in-train forces 
v) Fuel tank penetration protection 

5) Details of communication plans with employees, first responders, and public organizations. 
6) Other relevant data or information that will expedite processing an approval of the proposed test 

plan and application for a waiver. 

The above represents a substantial amount of documentation and planning that must be prepared and 
submitted to the FRA in order gain approval of the use of NG as a locomotive fuel. This effort would 
need to be one of the first tasks to be accomplished once a decision is made to move forward with a 
dual fuel plan. It would be expected at numerous meetings would be held with all relevant participants 
involved in the decision to move forward with the conversion process. It can also be expected that 
multiple meetings with the FRA will be needed before compliance will be granted.  When recently 
requested, the FRA replied that they have a Natural Gas Safety Review team that works with the 
railroads that are planning to utilize natural gas or other alternative fuels. Contact information for the 
Supervisory Railroad Safety Specialist can be found in the References section of this report. 

Safety Plans 
In addition, the FRA requires a comprehensive safety analysis before the initiation of alternative 
locomotive fuel projects. The FRA has commissioned several studies to review relevant standards 
related to system safety for NG powered locomotives. The Sandia National Laboratory was 
commissioned to prepare a report, entitled LNG Safety Assessment Evaluation Methods to evaluate 
published safety assessment methods across a variety of industries utilizing LNG. This study was 
developed for the FRA’s use in evaluating NG on-board and tender storage and refueling operations 
from a safety standpoint. A Safety Plan Checklist was formulated for evaluating safety plans submitted 
by the railroad industry. The checklist shown below in Table 24 is directed at dual fuel locomotives and 
LNG locomotive tenders; the approach is consistent with rail vehicle safety and hazard analyses required 
for new vehicle procurements. This checklist should form the basis of the safety assessment to be 
submitted to the FRA. 
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Table 24 - LNG Safety Assessment Checklist for FRA 

Element Description 

Safety Assessment Description • Purpose of the safety assessment 
• Boundary conditions and assumptions 
• The methodology applied to this project 
• Safety assessment team and reviewers 
• Safety plan review and approval process 

System and Scope of Work • Define system and components, their functions, 
and relationships 

• Describe site and facility characteristics 
• Nature of the work being performed 

Information and Data Sources • Previous LNG experience 
• Organizational policies and procedures 
• Operating policies and procedures 
• Safety policies and procedures 

Identification of Safety 
Vulnerabilities (ISV) 

• Hazards and consequences associated with storage, 
handling, and use of LNG 

• Risk and accident scenarios identified 
• Significant vulnerabilities identified 
• Safety critical equipment identified 

Risk Management Plan • Prevention and mitigation measures for 
significant vulnerabilities 

Use of the Safety Assessment 
Results 

• Process for implementing the results of the safety assessment 
• Equipment and mechanical Integrity 
• Employee training 
• Self-audits 

Safety Events and Lessons 
Learned 

• The reporting procedure within the organization and to 
the FRA 

• The system and procedure used to investigate events 
• How corrective measures will be implemented 
• How lessons learned from incidents and near-misses 

are documented and disseminated 
Emergency Response • The plan or procedures for responses to emergencies 

• Communication and interaction with local 
emergency response officials 

Management of the Safety 
Assessment 

• Process for periodic review and updating 
• Process for verifying continued implementation of 

safety recommendation throughout life of the system 
     Other Comments or Concerns • Any information on topics not covered above 
• Issues that may require assistance from FRA 

 
The typical Vehicle Safety Plan submitted by a locomotive or car builder consists of a System Safety Plan 
which encompasses: 
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• A hazard analysis performed in accordance with MIL-STD-882E, System Safety, which defines a 
rail industry accepted, disciplined systems safety management methodology and hazard tracking 
and mitigation strategy. 

• Fire and life safety compliance in accordance with all applicable codes and regulations, such as 
NFPA 130 for the vehicle in particular those relating to NG operations and facilities, such as 
NFPA 52. 

As CNG is a flammable, highly compressed gas, it requires a Safety Data Sheet identifying all known 
health and safety hazards and handling precautions first aid and firefighting measures, and other 
pertinent information. The CNG Safety Data Sheet must be made available to Metra’s workers who will 
be in proximity to CNG. The first page of a typical CNG Safety Data Sheet shown in Figure 96. A training 
program for safe handling training on safe handling, storage, fueling, disposal and emergency 
procedures in the event of leak or fire will be required.  

 
Figure 96 - Typical CNG Safety Data Sheet 

Per 49 CFR Part 659, any authority receiving FTA funding requires that rail authorities develop and 
maintain vehicle and operations safety and security certification plans. If applicable, the Metra Safety 
and Security Certification Plan process would need to be applied to the dual fuel CNG conversion 
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process. There are likely other internal safety procedures which would need to be developed or revised 
to govern the safe storage, handling and use of CNG in locomotive operations and maintenance. 

The System Safety Process 
The MIL-STD-882E approach developed by the Department of Defense (DoD) is a proactive methodology 
to identify and mitigate hazards as a project evolves through its lifecycle from design, manufacture, test 
and operational phases and is suitable for a major effort such as a locomotive dual fuel conversion 
program. The process is well understood and has been used successfully on numerous rail vehicle 
projects. Figure  97 illustrates the eight major elements of the process. 
 

 
Figure 97 - 8 Major Elements of the MIL-STD-882 System Safety Process 

To summarize the process, elements 2 through 7 are developed into a risk assessment matrix based on 
defined severity categories and probabilities levels (see Tables 98, 99 and 100). Items identified as High 
or Serious risks must be mitigated into a more acceptable category or if possible, eliminated. The hazard 
mitigation process is typically overseen by a qualified System Safety Engineer, either from the rail 
agency or from a third-party engineering firm, as the process is exhaustive and requires frequent review 
and updating as potential hazards are identified and mitigated. The hazard identification process should 
start at the beginning of the engineering phase and continue through testing and the pilot phase so that 
the startup and on-going operation and maintenance risks are alleviated. 
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Figure 98 - Severity Categories 

 
 

 
Figure 99 - Probability Levels 
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Figure 100 - Risk Assessment Index 

Should Metra decide to move forward with dual fuel CNG conversion, it would be the first major 
passenger rail transit authority in the US to do so and can expect a greater level of scrutiny from the FRA 
as well as local and state authorities. In addition to the preparation of all of the above documentation, it 
would be expected that several review meetings would be required with the FRA to work through all of 
the potential issues in applying this technology to rail passenger transit. System safety engineers familiar 
with both rail system and CNG system safety should be consulted in developing the safety 
documentation deliverables. 
 

  



 

LTK Engineering Services  Page 141 of 175 

Dual Fuel Financial Analysis 
The financial assessment was conducted to investigate the financial viability of converting Metra’s 
locomotive engines to dual fuel consumption, using both diesel and compressed natural gas (CNG) as 
fuel. In order to perform the analysis, the project team collaborated to create a multi-year financial 
model intended to calculate the capital and recurring costs of the conversion, as well as the potential 
fuel savings in converting from mainly diesel engines to a partial natural gas substitution. The analysis 
was limited to the Milwaukee District (encompassing the MDN, MDW, and NCS lines) which has 38 
locomotives, as an initial test of the model. Certain operational assumptions were put in place to 
estimate costs for the conversion. Overall, given a range of fuel price forecast scenarios, the analysis 
produced a 15-year internal rate of return between 5.4% and 8.5%, which is greater than the assumed 
break-even hurdle rate for Metra of 5%. This 5% rate discounted cash flow of the scenarios had a 15-
year net present value of between $1.1MM and $9.2MM. It is assumed that the conversion and 
overhaul of the locomotives in question would increase their service life an additional 15 years as a 
minimum. 

Financial Model Assumptions 
Construction of a financial model required the consultant team to make assumptions regarding the 
operating conditions and estimated costs of converting the Milwaukee District rail lines to partial natural 
gas usage. These assumptions fall into three categories: (1) non-recurring expenses (NRE), (2) 
operational expenses, and (3) general assumptions. NRE represent one-time expenses, which include 
the costs of engine conversion and installation, investment costs for establishing the filling stations 
necessary for natural gas usage, facility modification costs, and other miscellaneous costs. Operational 
expenses include assumptions that cover the cost of day-to-day operations, such as forecasts of fuel 
costs, and operational maintenance of locomotive units and filling stations.  General assumptions 
include the discount rate of return (also referred to as cost of capital or investment hurdle rate), 
inflation rate for operating costs, diesel and CNG fuel price forecasts, locomotive conversion timeline, 
and financial horizon. 

Non-Recurring Expenses (NRE) 
There are three sub-categories of NRE: 

1. Fueling Station Investment: This represents the capital expense for installing CNG fueling 
stations and is summarized in Table 26.  

2. Locomotive Conversion Costs: This includes the cost of the kit and installation labor for the EMD 
645 and EMD 710 engine conversion, as well as the cost of fabrication and installation of the 
fuel tanks.  The locomotive conversion cost assumptions are outlined in Table 25. 

3. Other NRE: Summarized in Table 27, this represents other miscellaneous one-time costs such as 
tier emissions certification, locomotive modification engineering, FRA CNG approval support, 
and training for Metra staff. 

4. Facility Modifications: This includes construction and engineering costs to meet code 
requirements for modifying/upgrading facilities for dual fuel locomotive maintenance.  This is 
currently estimated at $3.2MM and applies only to the Western Avenue Locomotive Shop and 
the Fox Lake, Elgin, and Antioch Fueling stations (see Table 28). 
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CNG Fueling Station Investment ($'000)
Milwaukee District

Location Fill Rate
Capital 

Expense
Western Avenue (Mid Day) Fast $6,000
Fox Lake (Overnight) Slow $2,500
Elgin (Overnight) Slow $2,500
Antioch (Overnight) Slow $1,500

$12,500Total

Locomotive Conversion Unit Costs (Per Engine, $'000)
Milwaukee District

Item
MP36 

(EMD 645)
F59PH/PHI 
(EMD 710)

Conversion Kit $475 $500
Assembly Labor $110 $110
Fuel Tank Fabrication $125 $125
Fuel Tank  Installation $65 $65

Total $775 $800

Nbr of Units MDN 16 22

 

 

 

      
  

 
 
 
 
 
 
 
Operational Expenses 
The operational expenses incorporated in the financial mode include: 

1. Base Fuel Price (Diesel & CNG): Represents the assumed current cost per diesel gallon 
equivalent (DGE) of diesel and CNG.  The assumptions are listed in Table 30, with the base fuel 
prices in Table 29. 

2. Average Diesel Fuel Consumption per Locomotive: The data provided by Metra showed that the 
Milwaukee District consumed 6,235,935 diesel gallons across 38 locomotives, with an average 
diesel fuel consumption of 164,104 gallons per locomotive. 

3. Diesel Substitution: This factor represents the percent of diesel replaced by CNG during 
operations.  The factor used in the financial model is 65% and was derived from LTK trip 
simulations. 

4. First Year Fuel Savings: During the implementation period, locomotives under conversion during 
a given year will not be able to fully operate under dual fuel conditions.  Given the incremental 
conversion within the year, it is assumed that first year fuel savings will be equal to 25% of the 
full year fuel savings for the number of locomotives converted during that year. 

Table 28  - Facility Modification Capital Expense Table 27 - Other Non-Recurring Expenses 

Table 25  - Locomotive Conversion 
 

Table 26  - CNG Fueling Station Investment 

Other Non-Recurring Expense ($'000)
Milwaukee District

Item
One-Time 
Expense

Tier Emissions Certification $300
Locomotive Modif Engineering $250
FRA CNG Approval Support $95
Metra Staff Training* $40

Total $685
* 2 Trainers for 1 month ($125 x 20 x 8)

Facility Modification Capital Expense ($'000)
Milwaukee District

Item
One-Time 
Expense

Facility Modification Capital Expense - Construction $1,000 
Facility Modification Capital Expense - Engineering $2,200

Total Facility Modification Expense $3,200
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Base Fuel Price

Fuel Type $/DGE

Diesel* $2.430 
CNG** $0.830
*   Source: Metra

** Source: PACE

CNG Cost Components

Component
PACE 

$/DGE
Natural Gas $0.5206
Invoice $0.1639
Electricity Cost $0.0625
Operations & Maintenance $0.0832

Total $0.8302

Table 30 - CNG Cost Components Table 29 - Base Fuel Price 

5. Overnight Staffing of Fueling Stations: It is assumed that the Fox Lake, Elgin, and Antioch fueling 
stations will require overnight staffing. The staffing cost is estimated at $150,000 per station per 
year, or a total of $450,000 per year with an annual inflation rate of 2%. 

 

 

 

 

 

 

 

 
General Assumptions 
The following general assumptions are made in the financial model: 

1. Discount Rate of Return: This is the rate of return used to calculate the discounted cash flow and 
net present value of the cash flow over the investment period.  Metra suggested a discount rate 
of return of 5%. 

2. Inflation Rate: The inflation rate determines the rate of increase in general maintenance and 
operating costs (primarily overnight staffing) and is assumed to be 2% per year. 

3. Diesel and CNG Fuel Price Forecasts:  There are three scenarios of diesel and CNG fuel price 
forecasts used in the financial analysis: 

a. Constant Rate: Assumes a constant 1.7% year-over-year fuel price increase for both 
diesel and CNG.  The rate is based on the 12-month rate increase of the fuel component 
of the April 2019 Consumer Price Index. The forecasted diesel and CNG cost per DGE is 
illustrated in Figure 101. 

b. Historical Volatility: Assumes that the individual historical price rate volatility for diesel 
and CNG will be reflected in future prices.  The resulting diesel and CNG cost per DGE 
using this method is illustrated in Figure 102. 

c. Power Curve Regression: Diesel and CNG cost per DGE is forecasted based on fitting a 
statistical power curve (Y = a * X ^b) over historical pricing.  The projected diesel and 
CNG cost per DGE using this method is illustrated in Figure 103. 

4. Conversion Timeline: There are 38 locomotive units in the Milwaukee District fleet that are 
available for dual fuel conversion, with 22 units having F59/F59PHI engines while the remaining 
16 having MP36 engines.  It is assumed that the F59/F59PHI engines will be converted on the 
schedule of 6 units starting in the third year of the conversion timeline, with 7, 8, and 1 unit in 
the succeeding years.  The MP36 engines are assumed to be converted on a schedule of 5 units 
starting in the third year of the conversion timeline, with 5, 5, and 1 units in the succeeding 
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years.  The conversion timeline will show a total of 11 dual-fuel units converted and operational 
in the third year, with 12, 13, and 2 units converted and operational in the succeeding years. 
(Refer to Figure 93, Metra Dual Fuel Conversion Timeline, LTK Implementation Plan). 

5. Financial Horizon: This is the timeframe under which the financial analysis is conducted and 
represents the investment period.  We selected a 15-year and 20-year horizon, around the time 
when the first converted locomotive may be reaching its life expectancy. An implicit assumption 
is that all converted engines will remain in operation during the entire financial horizon (15 to 20 
years) 

6. The overhaul cycle of dual fuel engines is assumed to coincide with the same time or mileage-
based cycle that a diesel only engine would require.  The cost of performing a dual fuel 
locomotive engine mid-life overhaul was assumed to be the same as the cost to overhaul a 
diesel only engine. 

7. The Western Avenue facility modification estimate is very high level, based on a per bay 
estimate of $160K per bay for all 6 bays; this is double the estimate provided in the Compressed 
Natural Gas Vehicle Maintenance Facility Modification Handbook which was developed with 
non-rail vehicles in mind. 

 
Figure 101 - Diesel and CNG Price Forecasts, Constant Rate 
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Figure 102 - Diesel and CNG Price Forecasts, Historical Volatility 

 
Figure 103 - Diesel and CNG Price Forecasts, Power Curve Regression 

Financial Analysis Results 
A financial model was developed for the Milwaukee District pilot conversion that calculated the annual 
cash flow (i.e., the sum for each year of capital expenditure, conversion costs, operating costs, and fuel 
cost savings) over a 15-year and 20-year financial horizon, using 3 diesel/CNG fuel price forecasting 
scenarios.  We determined the following metrics to assess the financial viability of dual-fuel conversion 
initiative across the different scenarios: 

1. Net Present Value (NPV): The current value of all the annual cash flow through the financial 
horizon, with each year’s cash flow discounted using the assumed discount rate of return (DRR). 
The NPV of the cash flow for the horizon should be positive for a project to be financially viable. 

2. Internal Rate of Return (IRR): The IRR is a discount rate that makes the net present value (NPV) 
of all future cash flows equal to zero.  The IRR is compared to the DRR.  The DRR is also referred 
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to as the hurdle rate because it is the minimum rate of return to justify investment in the 
initiative.  The IRR should be greater than the DRR for a project to be financially viable. 

3. Cumulative Discounted Cash Flow (CDCF): The CDCF is the year-by-year cumulative sum of the 
discounted cash flow.  The chart of the CDCF is used to determine the break-even year of the 
initiative.  The break-even year in the chart is where the CDCF line intersects with the X-axis, 
when the CDCF is zero (i.e., total discounted costs minus total discounted savings equal zero). 

The diesel and CNG price forecast approaches serve as scenarios. The Constant Rate forecast is referred 
to as Scenario 01, the Historical Volatility forecast is referred to as Scenario 02, and the Power Curve 
Regression forecast is referred to as Scenario 03.  The financial analysis results of the three scenarios are 
summarized in Table 31.  From the analysis results, we can conclude that the dual fuel conversion 
initiative can be financially viable, with a 15-Year IRR between 5.4% and 8.5%, and a 15-Year NPV 
between $1.1MM and $9.2MM. 

 

 

Figures 104, 105, and 106 illustrate the CDCF for each of the scenarios.  The charts suggest that the 
break-even point occurs between 13 and 15 years into the initiative. 

  

Table 31 - Financial Analysis Results 

Figure 104 - CDCF for Scenario 01 
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Figure 105 - CDCF for Scenario 02 

Figure 106 - CDCF for Scenario 03 

  

 

  

 

The determination of financial viability will depend on Metra’s internal standards on IRR and break-even 
years.  Some organizations, such as private corporations, have very aggressive standards requiring an 
IRR of 20%+ and break-even point of one year.  The decision to proceed with the dual fuel conversion 
initiative will be based on several metrics including financial viability, as well as Metra’s tolerance for 
risk.  
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Potential for Exhaust Emissions Reductions 
By converting 38 existing locomotives to dual-fuel capability, Metra may achieve significant reductions 
in emissions.  By quantifying those reductions, Metra can improve its cost-benefit analysis activity.  
Quantification of emissions benefits may aid Metra in dealing with funding sources. 

Using Metra mileage data and publicly available emissions test data, it is possible to estimate oxides of 
nitrogen (NOX) and Particulate Matter (PM) reductions that would occur from substituting CNG for 
Diesel fuel.  The estimate is limited by the data that exists for the candidate locomotives, but it is 
indicative of the scale of improvements that can be achieved by a CNG for diesel substitution program. 

The proposed program plans on three different deployment strategies for the upgraded locomotives. 

• Deployment One: upgrade sixteen MP36PH locomotives to dual-fuel units and operate them on 
the Milwaukee District North line.   

• Deployment Two: Upgrade 22 F59PH locomotives to dual-fuel units.  Nineteen of these units will 
replace F40PH-3 units. For this exercise we will assume that these also operate on the 
Milwaukee North District. 

• Deployment Three: The remaining upgraded F59PH locomotives (three) will operate in revenue 
service.  For this exercise we will assume that these also operate on the Milwaukee North 
District. 

The total emissions benefits will be the sum of the emissions reductions associated with replacing the 
nineteen F40PH-3 units, and the improvements for three F59PH locomotives and sixteen MP36PH 
locomotives. 

A methodology will be developed to estimate the annual emission benefits associated with each of the 
three Deployments.  This methodology will employ the following: 

• Performance data from the simulation runs made by LTK using the Milwaukee District North 
profiles and time tables. 

• Two “notch schedules” for dual-fuel operation, specifying the diesel/CNG mixture by notch.  
These “notch schedules” were provided by a supplier of dual -fuel conversion equipment. 

• Test data and emissions certification data for the emissions performance of the existing engines 
on the target locomotives, specifying the NOX and PM levels by notch. 

• Mileage data from Metra indicating a typical year of operation. 

After working through all three deployment strategies the expected emissions savings for the overall 
program can be calculated. 
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Table 32 - Emissions Savings Estimates 

 

Methodology 
This methodology will be followed for each of the three Deployment Strategies described in the 
Abstract. 

General 
It is necessary to calculate the reduction in the rate of emissions for NOx and PM that is associated with 
each of the two dual-fuel “notch schedules”.  This will be expressed as grams/hour.  Then the Metra 
data will be analyzed to determine typical annual hours of operation, and the annual hours will be used 
to calculate the grams/year.  This will be converted into tons/year for convenience 

Since this document is calculating the reduction in emissions due to dual-fuel operation, it is only 
concerned with the circumstances when dual-fuel operation is employed.  Dual-fuel operation is not 
used in Idle, Dynamic Brake, N1 or N2. 

Two dual-fuel notch schedules have been provided by a supplier of dual-fuel retrofit kits.  One notch 
schedule is titled 50% CNG.  The other notch schedule is titled 90% CNG.  The notch schedules are 
shown in the table below. 

 

 

 

 
The 50% and 90% titles come from the N8 mixture levels.  The mixture levels or both notch schedules 
have very similar values for notches 3 through 6.  (Note that the 50% notch schedule’s CNG level is even 
higher than the 90% notch schedule’s CNG level for Notch 4).  Because of this notch schedule, a 
comparison of the reduction levels achieved with each notch schedule will not follow the ratio of 90/50. 
Another factor influences the comparison of the performance of the two notch schedules.  The time 
spent in each notch is not equal.  The LTK simulations showed substantial differences relative to the 

NOx 
(tons/yr)

PM 
(tons/yr)

NOx 
(tons/yr)

PM 
(tons/yr)

Deployment 1- 16 MP36PHs upgraded 443 8 689 12
Deployment 2- 19 F40PH-3s replaced 
with 19 upgraded F59PHs

361 8 551 12

Deployment 3- 3 F59PHs upgraded 42 1 64 2

TOTAL EMISSIONS REDUCTIONS 846 17 1304 26

Annual Emissions Savings
Total Deployment Program 

50% CNG savings 90% CNG savings

50% CNG 90% CNG
0 0 1
0 0 2

0.65 0.7 3
0.8 0.7 4
0.75 0.8 5
0.7 0.8 6
0.6 0.9 7
0.5 0.9 8

NotchCNG level

Table 33 - 50% and 90% CNG Substitution 
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time in each notch.  This is to be expected as speed limits force operation in lower notches.  The 
different times in each notch for the Milwaukee District North simulations are shown below. 

Table 34 - Data from MDN Simulation 

 

The emissions that occur during the Milwaukee North District operations can be calculated.  This will 
need to be done for each engine type involved in the three Deployment Strategies.  To demonstrate the 
methodology the data from the 16·645F3B will be used.  This engine is on the MP36PH locomotives.  
These results apply to “Deployment One”. 

Initial Emissions Levels 
From emissions test data, there are published g/BHP-hr levels for the NOx and PM that are created by 
this engine, when it is running in diesel only mode.  This information is available for each notch.  The 
simulation provides the information needed to calculate the BHP-hrs spent in each notch for the trip.  It 
is possible to calculate the total grams of NOx and PM created by this engine in each notch during the 
trip.  Then these notch values are summed to calculate the total grams of NOx and PM produced during 
the typical trip.  Since the trip lasts 1.268 hours, the results can be scaled to represent the output for 
one hour of operation.  This scaling factor will be useful when the data is used to calculate annual 
emissions values. 

Here are the NOx and PM levels per notch for diesel-only mode of operation for the 16·645F3B. 

Table 35 - NOx and PM levels for 16-645F3B Engine 

 

Throttle
Notch BHP

Fuel Rate
(gpm)

Time
(hours)

Idle 22 3.3
Notch 1 198 13.2 0.06
Notch 2 474 26.3 0.005
Notch 3 862 47.4 0.463
Notch 4 1090 57.9 0.027
Notch 5 1604 85.8 0.072
Notch 6 2232 116.5 0.065
Notch 7 3170 160.4 0.028
Notch 8 3735 194 0.548

NOX pm
1 5.39 0.25
2 16.46 0.3
3 13.99 0.3
4 13.87 0.23
5 13 0.21
6 15.39 0.24
7 15.8 0.21
8 14.75 0.24

g/BHP-hrNotch
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When these numbers are combined with the BHP-hr information from the simulation, the results are the 
NOx and PM emissions levels for the trip. 

Table 36 - NOx and PM by trip (Fox Lake run) 

 

Emissions Reductions 
Using the notch schedule information, the resulting emissions levels for dual-fuel operation can be 
calculated.  This assumes a linear relationship between the reduction in diesel fuel and the reduction in 
emissions. 

Table 37 - NOx and PM Comparisons, Diesel Baseline and CNG 50%/90% 

 

Then by subtracting the value for each notch schedule from the diesel-only value, it is possible to 
calculate the emissions reductions. 

Notch
NOx 

(g/trip)
PM 

(g/trip)
1 66.297 3.075
2 39.0925 0.7125
3 6509.757 139.5945
4 506.685 8.40213
5 1755.936 28.36512
6 2766.968 43.1496
7 1528.05 20.30952
8 31248.88 508.4563

Sum 44421.7 752.065

100% Diesel

Notch
NOx 

(g/trip)
PM 

(g/trip)
50% CNG 
schedule

90% CNG 
schedule

NOx 
(g/trip) PM (g/trip)

NOx 
(g/trip)

PM 
(g/trip)

1 66.297 3.075 0 0 66.297 3.075 66.297 3.075
2 39.0925 0.7125 0 0 39.0925 0.7125 39.0925 0.7125
3 6509.757 139.5945 0.65 0.7 2278.415 48.858075 1952.927 41.87835
4 506.685 8.40213 0.8 0.7 101.337 1.680426 152.0055 2.520639
5 1755.936 28.36512 0.75 0.8 438.984 7.09128 351.1872 5.673024
6 2766.968 43.1496 0.7 0.8 830.0904 12.94488 553.3936 8.62992
7 1528.05 20.30952 0.6 0.9 611.2198 8.123808 152.805 2.030952
8 31248.88 508.4563 0.5 0.9 15624.44 254.22816 3124.888 50.84563

Sum 44421.7 752.065 19989.9 336.714129 6392.6 115.366

100% Diesel 50% CNG scheduleCNG Levels 90% CNG schedule
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Table 38 - Emissions Reductions for 50%/90% CNG 

 

This is the savings for the entire trip.  For extrapolation over a fleet, it would be more useful to show this 
as an hourly rate.  This is done by dividing by the trip time, 1.268 hours. 

Table 39 - Hourly Values for NOx and PM Reduction 

 

The data in the bottom row is the emissions savings for NOx and PM that is achieved for an hour of 
typical operation for these two notch schedules of dual-fuel operation. 

Extrapolation to Annual Values for the Fleet 
To convert the hourly values of emissions savings into annual savings, the hours of operation per year 
are needed.  This can be derived from the total miles of operation over a year, divided by the average 
speed when operating. 

Metra has provided a spreadsheet showing mileage data for its locomotive fleets by road number.  The 
mileage data for 2016 reportedly represents the entire year of operation.  Deployment Strategy One is 
focused on the MP36PH fleet.  METRA’s spreadsheet provides annual mileage information for 23 
locomotives of the MP36PH fleet in 2016.  The total mileage for those 23 units in 2016 was 1,046,052. 

NOx 
(g/trip)

PM 
(g/trip)

NOx 
(g/trip)

PM 
(g/trip) Notch

0 0 0 0 1
0 0 0 0 2

4231.342 90.73643 4556.83 97.71615 3
405.348 6.721704 354.6795 5.881491 4
1316.952 21.27384 1404.749 22.6921 5
1936.878 30.20472 2213.574 34.51968 6
916.8298 12.18571 1375.245 18.27857 7
15624.44 254.2282 28123.99 457.6107 8
24431.8 415.351 38029.1 636.699 Sum

50% CNG savings 90% CNG savings

NOx 
(g/trip)

PM 
(g/trip)

NOx 
(g/trip)

PM 
(g/trip) Notch

0 0 0 0 1
0 0 0 0 2

4231.342 90.73643 4556.83 97.71615 3
405.348 6.721704 354.6795 5.881491 4
1316.952 21.27384 1404.749 22.6921 5
1936.878 30.20472 2213.574 34.51968 6
916.8298 12.18571 1375.245 18.27857 7
15624.44 254.2282 28123.99 457.6107 8
24431.8 415.351 38029.1 636.699 Sum

19268 327.56 29991 502.13 one-hour 
values

50% CNG savings 90% CNG savings
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LTK TrainOps® simulations can provide the average speed achieved during the runs, and that average 
speed can be combined with the fleet mileage to determine the total hours of operation. The TrainOps® 
simulation of the Milwaukee District North provided values for the average speed over the line, noting 
the impact of station dwells and On-Time Performance rates. 

Table 40 - LTK TrainOps® Average Speed Simulation Results – Milwaukee District North 

Southbound: 

 
Northbound: 

 
 

Since emissions benefits only occur when running, it is appropriate to use the average speed that 
excludes dwell times at stations and turn points.  However, the average speed will be reduced by slow 
orders, station delays, etc.  The simulations were also run to reflect typical On-Time Performance, which 
is more representative of actual railroad operations. 

Therefore, the average speed that was calculated by excluding dwell times but adjusted for On-Time 
Performance is appropriate for estimating emissions benefits. 

The tables above show that three averaging techniques are provided for the southbound and 
northbound simulations.  The values for all three techniques are essentially identical.  Note that the 
highest average speed will result in the fewest hours of operation.  And using the lowest hours of 
operation will be more conservative relative to estimating the emissions benefit.  The rest of this 
exercise will use the highest speed shown.  The average speed will be selected as 34.87 mph. 

By dividing the total miles for these 23 locomotives by the average speed, we can calculate the hours of 
operation over the road: 

Table 41 - Hours of Operation Calculation – MP36PH 

 

So these 23 locomotives saw 30,000 hours of operation over the road in 2016.  As a sanity check, that 
amounts to just over 1300 hours of operation per year, or about 25 hours per week.  This seems to be 

All Day Average Speed, mph (Including  Dwells, 100% OTP) 31.34 31.33 31.62
All Day Average Speed, mph (Excluding  Dwells, 100% OTP) 34.70 34.84 35.02
All Day Average Speed, mph (Including  Dwells, Reported OTP) 31.18 31.19 31.48
All Day Average Speed, mph (Excluding  Dwells, Reported OTP) 34.52 34.67 34.85

Trip-Weighted Average Time-Weighted Average Distance-Weighted Average

All Day Average Speed, mph (Including  Dwells, 100% OTP) 30.97 31.16 31.27
All Day Average Speed, mph (Excluding  Dwells, 100% OTP) 34.73 34.96 35.03
All Day Average Speed, mph (Including  Dwells, Reported OTP) 30.83 31.02 31.13
All Day Average Speed, mph (Excluding  Dwells, Reported OTP) 34.55 34.79 34.87

Trip-Weighted Average Time-Weighted Average Distance-Weighted Average

MP36PH-3C locomotives in 2016 23
MP36PH-3C 2016 total mileage 1046052
Milwaukee District North Average Speed 34.87
2016 hours of operation- no dwell, OTP 29999
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quite reasonable for a passenger railroad.  And since more hours of operation would result in more 
emissions reductions, using this number is conservative. 

Since 16 MP36PH locomotives are to be converted to dual fuel, it is reasonable to expect that those 
locomotives will see 30,000*16/23 = 20,870 hours annually.  To calculate the savings in tons, take the 
grams/hour savings rate and multiply it by 20, 870 hours and the conversion factor of 
1ton/(454g/lb*2000lb/ton).  The results for these 16 locomotives are shown below: 

Table 42 - NOx and PM Reductions for 16 MP36PH Locomotives 

 

Deployment Strategies 
Deployment One is the installation of dual-fuel capability on sixteen MP36PH locomotives.  The 
complete calculations for Deployment One was used above to demonstrate the methodology, and the 
emissions savings for Deployment One are shown in the table above. 

Deployment Two is the replacement of 19 F40 locomotives with 19 FH59PHI locomotives that have been 
upgraded to dual-fuel capability.  The F40 Locomotives use the 16-645E3B 3,000 hp engine.  The 
F59PHI’s use the 12-710G3 engine. 

For Deployment Two, the emissions benefit will be the reduction of emissions achieved by comparing 
the emissions from a dual-fuel 12-710G3 engine to a diesel only 16-645E3B engine. 

For a valid comparison, both calculations must use the same operating conditions.  Deployment Two will 
use the trip notch duty cycle data that was created by the TrainOps® simulations (same as used for 
Deployment One).  Deployment Two will use the mileage data used for Deployment One, since the 
mileage data provided by Metra for the FH59PH locomotives is very limited, so it might not be 
representative of true fleet behavior. 

The first step is to establish the emissions levels of the 19 F40 locomotives that will be replaced.  The 
table below shows the results.  The data is taken from a passenger locomotive, except for the NOx data, 
which came from a freight locomotive of the same horsepower and engine type: 

NOx 
(tons/yr)

PM 
(tons/yr)

NOx 
(tons/yr)

PM 
(tons/yr)

442.9 7.5 689.3 11.5

50% CNG savings 90% CNG savings
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Table 43 - Emissions Results - Diesel Only 

 
The emissions rates of the 19 dual-fuel F59PHI locomotives is shown in the table below: 

Table 44 - Emissions Results - Dual Fuel F59PHI, Scenario 2 

 

The emissions savings can be calculated by the difference between the values for the two locomotive 
classes: 

Notch BHP

Time in 
Notch 
(from 
sim)

BHP-HRS 
per notch

NOX 
(g/BHP-

HR)

PM 
(g/BHP-

HR)
NOX (g/trip) PM (g/trip)

1 105 0.06 6.3 26.74 0.33 168.5 2.1
2 363 0.005 1.815 15.29 0.34 27.8 0.6
3 721 0.463 333.823 14.84 0.33 4953.9 110.2
4 1030 0.027 27.81 14.9 0.25 414.4 7.0
5 1438 0.072 103.536 14.3 0.23 1480.6 23.8
6 1821 0.065 118.365 12.97 0.28 1535.2 33.1
7 2492 0.028 69.776 11.72 0.24 817.8 16.7
8 3070 0.548 1682.36 11.69 0.26 19666.8 437.4

SUM 29064.8 630.9
22921.8 497.6

HOURS/LOCO 1304 29,897,995 649,011

FLEET SIZE 19 568,061,907 12,331,215

CONVERT TO TONS 908000 G/TON 626 14ANNUAL TONS/FLEET

ONE HOUR VALUES
ANNUAL G/LOCOMOTIVE
ANNUAL GRAMS/FLEET

Diesel Only Operation

Notch BHP
Time in 
Notch

BHP-HRS 
per notch

NOX 
(g/BHP-

HR)

PM 
(g/BHP-

HR)
NOX (g/trip) PM (g/trip) 50% CNG 90% CNG NOx (g/trip) PM (g/trip) NOx (g/trip)

PM 
(g/trip)

1 197 0.06 11.82 14.82 0.17 175.2 2.0 0 0 175.2 2.0 175.2 2.0
2 356 0.005 1.78 14.04 0.31 25.0 0.6 0 0 25.0 0.6 25.0 0.6
3 684 0.463 316.692 12.66 0.3 4009.3 95.0 0.65 0.7 1403.3 33.3 1202.8 28.5
4 1025 0.027 27.675 10.95 0.23 303.0 6.4 0.8 0.7 60.6 1.3 90.9 1.9
5 1353 0.072 97.416 9.98 0.21 972.2 20.5 0.75 0.8 243.1 5.1 194.4 4.1
6 1719 0.065 111.735 8.99 0.25 1004.5 27.9 0.7 0.8 301.3 8.4 200.9 5.6
7 2568 0.028 71.904 9.4 0.21 675.9 15.1 0.6 0.9 270.4 6.0 67.6 1.5
8 3023 0.548 1656.604 9.15 0.23 15157.9 381.0 0.5 0.9 7579.0 190.5 1515.8 38.1

SUM 22323.1 548.4 10057.8 247.1 3472.6 82.3
9672.9 237.6 2738.6 64.9

HOURS/LOCO 1304 12,616,891 309,950 3,572,140 84,621

FLEET SIZE 19 239,720,932 5,889,058 67,870,662 1,607,804

CONVERT TO TONS 908000 G/TON 264 6 75 2
ANNUAL GRAMS/FLEET

ANNUAL TONS/FLEET

ONE HOUR VALUES
ANNUAL G/LOCOMOTIVE

Diesel Only Operation CNG level per notch 50% CNG schedule 90% CNG schedule
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Table 45 - Emissions Savings - F40 vs F59PHI (dual fuel), Scenario 2 

 

Deployment Three- Three FH59PH locomotives will be upgraded but they will not be replacing a F40 
locomotive.  The improvement in emissions associated with these locomotives is the difference between 
the emissions produced from the 12-710G3 engine before the dual-fuel conversion and the emission 
produced after the dual fuel conversion. 

The table below shows the emissions calculations per the methodology described earlier: 

Table 46 – Emissions Results - Dual Fuel F59PH, Scenario 3 

 

The savings associated with each notch schedule is shown below: 

Table 47 - Emissions Savings - Dual Fuel F59PH, Scenario 3 

 

Scenario 
TWO F40's

Pollutant
Emission 

Tons
Emission 

Tons
Tons 
Saved

Emission 
Tons

Tons 
Saved

NOX 626 265 361 75 551
PM 14 6 8 2 12

F59 50% schedule F59 90% schedule

Notch BHP
Time in 
Notch

BHP-HRS 
per notch

NOX 
(g/BHP-

HR)

PM (g/BHP-
HR)

NOX (g/trip) PM (g/trip) 50% CNG 90% CNG NOx (g/trip) PM (g/trip)
NOx 

(g/trip)
PM 

(g/trip)

1 197 0.06 11.82 14.82 0.17 175.2 2.0 0 0 175.2 2.0 175.2 2.0
2 356 0.005 1.78 14.04 0.31 25.0 0.6 0 0 25.0 0.6 25.0 0.6
3 684 0.463 316.692 12.66 0.3 4009.3 95.0 0.65 0.7 1403.3 33.3 1202.8 28.5
4 1025 0.027 27.675 10.95 0.23 303.0 6.4 0.8 0.7 60.6 1.3 90.9 1.9
5 1353 0.072 97.416 9.98 0.21 972.2 20.5 0.75 0.8 243.1 5.1 194.4 4.1
6 1719 0.065 111.735 8.99 0.25 1004.5 27.9 0.7 0.8 301.3 8.4 200.9 5.6
7 2568 0.028 71.904 9.4 0.21 675.9 15.1 0.6 0.9 270.4 6.0 67.6 1.5
8 3023 0.548 1656.604 9.15 0.23 15157.9 381.0 0.5 0.9 7579.0 190.5 1515.8 38.1

SUM 22323.1 548.4 10057.8 247.1 3472.6 82.3

Diesel Only Operation CNG level per notch 50% CNG schedule 90% CNG schedule

NOx (g/trip)
PM 

(g/trip)
NOx (g/trip)

PM 
(g/trip)

Notch

0.0 0.0 0.0 0.0 1
0.0 0.0 0.0 0.0 2

2606.1 61.8 2806.5 66.5 3
242.4 5.1 212.1 4.5 4
729.2 15.3 777.8 16.4 5
703.1 19.6 803.6 22.3 6
405.5 9.1 608.3 13.6 7

7579.0 190.5 13642.1 342.9 8

12265.3 301.3 18850.5 466.2 SUM

90% CNG savings50% CNG savings
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This can be converted into the savings for this three locomotive “fleet” by the same methods described 
earlier: 

Table 48 - Emissions Savings - F59PH Fleet, Scenario 3 

 

Conclusion 
By combining the TrainOps® simulation results with published data regarding NOx and Particulate 
Matter emissions, it is possible to use Metra data for fleet usage to estimate the total NOx and PM 
reductions that can be achieved with conversion to CNG/diesel dual-fuel operation for the Milwaukee 
North District.  The amount of savings is dependent on the amount of CNG substitution. 

Table 49 - Estimated Emissions Reduction from CNG 

 

 

This information can be used to support cost-benefit analysis activity associated with this opportunity.  
It may also be useful when applying for funding from outside agencies and government organizations. 

Should Metra consider other opportunities involving different fleets or in different districts, this analysis 
would need to be repeated.  The relevant information for those fleets or districts would need to be 
provided to enable the analysis. It should also be noted that this estimate is based on the time in 
throttle notch of a trip recorded on the CUS-Fox Lake run and that there will be variation in exhaust 
emissions based on individual train operation on different routes. In general, more time in higher 
throttle notches will yield lower emissions, due to the higher substitution rate of CNG. 

  

NOx (g/trip)
PM 

(g/trip)
NOx (g/trip)

PM 
(g/trip)

9672.9 237.6 14866.3 367.7

1304 12,616,891 309,950 19,390,820 479,544

3 37,850,673 929,851 58,172,460 1,438,632

908000 G/TON 42 1 64 2

ANNUAL HOURS/LOCO

FLEET SIZE

CONVERT TO TONS

50% CNG savings 90% CNG savings

ANNUAL G/LOCOMOTIVE

ANNUAL GRAMS/FLEET

ANNUAL TONS/FLEET

ONE HOUR VALUES

NOx 
(tons/yr)

PM 
(tons/yr)

NOx 
(tons/yr)

PM 
(tons/yr)

Deployment 1- 16 MP36PHs upgraded 443 8 689 12
Deployment 2- 19 F40PH-3s replaced 
with 19 upgraded F59PHs

361 8 551 12

Deployment 3- 3 F59PHs upgraded 42 1 64 2

TOTAL EMISSIONS REDUCTIONS 846 17 1304 26

Annual Emissions Savings
Total Deployment Program 

50% CNG savings 90% CNG savings



 

LTK Engineering Services  Page 158 of 175 

Potential Funding Sources for Dual-Fuel Capability  
Funding is available from various government agencies.  The various agencies are part of the regional, 
state and federal governments.  The agencies are chartered to use their funding to promote 
improvements relative to transportation or emissions. 

The evaluation processes for these government agencies emphasizes emissions reduction.  Since the 
EPA has a leadership role in this area, EPA metrics are generally used for evaluation. 

A dual-fuel program at Metra will require funding for rolling stock and for infrastructure (fueling 
stations).  Different agencies may need to be involved, since some may only fund one type of project. 

State funding opportunities include:  

• Illinois EPA Driving a Cleaner Illinois Program 
• CMAP Transportation Programming  

Federal funding opportunities include: 

• US EPA Clean Diesel Program 
• US DOT Better Utilizing Investments to Launch Development (BUILD)   

State Funding Sources 
Driving a Cleaner Illinois Program, Illinois EPA 
The Illinois EPA established the Driving a Cleaner Illinois Program to allocate funding for various types of 
diesel emission reduction projects involving on-road vehicles, off-road equipment, and electric 
charging.  The Driving a Cleaner Illinois Program receives funding from a variety of sources.  These 
funding sources are summarized below, including a description of the types of projects, current funding 
amounts, and fund status.   

Volkswagen (VW) Environmental Mitigation Trust Fund 
The Illinois EPA has been is the lead agency responsible for distributing funds apportioned to Illinois 
from the VW Environmental Mitigation Trust.  The VW Environmental Mitigation Trust was created as a 
result of the VW Settlement because of Clean Air Act violations relating to the installation of “defeat 
devices” in certain Volkswagen diesel vehicles.  Illinois’ initial portion of the funds is approximately $108 
MM.  The funds are to be spent on projects that decrease emissions of nitrogen oxides (NOx) in Illinois.     

Illinois EPA submitted its plan for dispensing the funds to the Volkswagen Trustee.  The plan provided for 
a range of projects and funding allocations, including up to approximately $32 MM for public transit 
projects, including cleaner diesel, alternate fueled and all-electric public transit buses and public 
passenger/commuter line haul locomotives. 

The Driving a Cleaner Illinois Program recently completed a first round of funding involving VW 
Environmental Mitigation Trust Funds.  The awards included the following public transit grants: 
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Table 50 - VW Environmental Mitigation Funds - Proposed Allocation for Chicago Area Transit 

Pace Suburban Bus Six new compressed natural gas public 
transit buses 

$ 2,307,690 VW Round 1 

Metra Eight new Tier 4 diesel passenger/ 
commuter locomotives 

$14,000,000 VW Round 1 

 

Congestion Mitigation and Air Quality Improvement (CMAQ) Funds 
CMAQ provides funding to state and local governments for transportation programs or projects that 
reduce congestion and improve air quality.  The Federal Highway Administration grants this funding to 
State Departments of Transportation. The Illinois Department of Transportation (IDOT) has distributed 
funding to the Illinois EPA to grant awards to eligible applicants and projects.  

Currently, the Illinois EPA has one CMAQ grant programs that can be a potential source of funding for 
the conversion of Metra locomotives to dual fuel engines as described below. 

CMAQ Chicago Area Green Fleet Grant Program 
The CMAQ Chicago Area Green Fleet Grant Program is designed to provide funding for either the 
purchase of new vehicles that are powered by natural gas or propane, or for converting conventionally-
fueled vehicles to use natural gas or propane. The funds can also be used to purchase off-road 
equipment powered by natural gas, propane, or electricity. Currently, $800,000 is available for 
allocation through this program. 
To be eligible for funding, entities must be located, and will operate the vehicles, in the counties of 
Cook, DuPage, Kane, Lake, McHenry, or Will or Aux Sable or Goose Lake townships in Grundy County, or 
Oswego Township in Kendall County.  

Diesel Emission Reduction Act (DERA) Funds 
The DERA State Clean Diesel Grant Program provides funding to participating states to support programs 
that significantly reduce diesel emissions.  Through this grant program, states enter into Cooperative 
Agreements with the U.S. Environmental Protection Agency for overseeing the disbursement of their 
allocation of DERA funds for qualified projects. This funding is provided on a federal fiscal year basis.     

Projects eligible for funding include the replacement of older diesel on-road vehicles, off-road 
equipment, or engines with new, cleaner diesel or alternate fueled vehicles, equipment, or 
engines.  Funding is also available for the installation of certified emission control technologies on diesel 
vehicles or engines.  

For the FY17-18, federal funding of $974,551 is currently available to Illinois EPA for grant awards.  

Source: https://www2.illinois.gov/epa/topics/air-quality/driving-a-cleaner-illinois/Pages/default.aspx 

The Chicago Metropolitan Agency for Planning (CMAP)  
(CMAP) is the regional planning organization for the northeastern Illinois counties of Cook, DuPage, 
Kane, Kendall, Lake, McHenry, and Will, responsible for the development and implementation of 
regional plans.  As part of its mandate, CMAP is also involved in Transportation Programming for the 
Chicago metropolitan area. CMAP helps direct the allocation of federal funds for transportation, 

https://www2.illinois.gov/epa/topics/air-quality/driving-a-cleaner-illinois/Pages/default.aspx
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including the Surface Transportation Program (STP), Transportation Alternatives Program (TAP), 
Transportation Improvement Program (TIP), and Congestion Mitigation and Air Quality Improvement 
Program (CMAQ).  

The CMAP funding source most relevant to the RTA Alternative Fuel Study is the Congestion Mitigation 
and Air Quality Improvement (CMAQ) program, a federally-funded program of surface transportation 
improvements designed to improve air quality and mitigate congestion. CMAP oversees the program 
development and implementation of CMAQ-funded projects in northeastern Illinois.  The Illinois 
Department of Transportation is responsible for distributing and administering the CMAQ funding to 
various eligible agencies such as CMAP and the Illinois EPA.  

The CMAQ Program has identified four objectives in support of its goals of improving air quality and 
reducing congestion.  They include: 1) Localized Congestion Relief; 2) Operational Improvements; 3) 
Mode Shift, and 4) Direct Emissions Reduction. 

Currently, CMAP has designated the following types of projects as eligible for funding: transit 
improvements, traffic flow improvements, bicycle facility projects, and direct emissions reductions 
projects, among others.  The Metra dual fuel locomotive conversion will most likely fall under the direct 
emissions reductions project type. 

Direct Emissions Reduction Projects 
According to CMAP’s program description, 

“These projects reduce emissions through a variety of measures, including idle reduction, purchase of 
fuels that produce less emissions (beyond fuels required by law or regulation), retrofitting existing diesel 
engines with catalysts or filters, repowering vehicles with cleaner engines, or vehicle replacements with 
alternative fuel vehicles.  For vehicle replacements, only vehicles types that provide a dominant 
transportation function are eligible for up to 80 percent funding.  These types include transit buses, 
paratransit, freeway courtesy vans/tow trucks, incident management patrol vehicles and others.  For 
general purpose public fleet vehicles, only the incremental cost difference between standard and 
alternative fuel vehicle is eligible for up to 80 percent funding.” 

In December 2013, CMAP provided $34.25 million in grant funding to the Indiana Harbor Belt Railroad 
Co. (IHB) to convert 31 of its locomotives to operate on natural gas.  The conversion of Metra 
locomotives to run on dual fuel energy would be similar in scope to the Indiana Harbor Belt project. 

Federal Funding Sources 
US Environmental Protection Agency Clean Diesel Program 
The Clean Diesel Program provides grants and rebates funded by the Diesel Emissions Reduction Act.  
The program supports projects that improve air quality by reducing emissions from diesel engines.   

The Clean Diesel Program provides different types of funding but the DERA specifies that: 

1) Seventy percent of the DERA appropriation is to be used for national competitive grants and rebates 
to fund projects that use EPA or California Air Resources Board (CARB) verified or certified diesel 
emission reduction technologies. 

2) Thirty percent of the DERA appropriation is allocated to the states and territories to fund programs 
for clean diesel projects. Base funding is distributed to states and territories using a formula based 

https://www.cmap.illinois.gov/committees/advisory/council-of-mayors/stp
https://www.cmap.illinois.gov/mobility/strategic-investment/transportation-alternatives
https://www.cmap.illinois.gov/programs/tip
https://www.cmap.illinois.gov/mobility/strategic-investment/cmaq
https://www.cmap.illinois.gov/mobility/strategic-investment/cmaq
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on overall participation.  (Please see the Illinois EPA Driving a Cleaner Illinois Program for details 
about this funding source). 

Clean Diesel National Grants 
Under the national grants program, the US EPA anticipates awarding approximately $40 million in 
competitive grant funding for the year 2019. The Program recently conducted a nationwide call for 
proposals for projects designed to reduce diesel emissions in terms of tons of pollution produced. 
Particular interest is given to fleets in areas that the Program Administrator views as poor air quality 
areas.  

Eligible applicants for funding include regional, state, local or tribal agencies/consortia with jurisdiction 
over transportation or air quality.  Funding can be used for diesel locomotive engines, school buses, 
Class 5 – Class 8 heavy-duty highway vehicles, marine engines, and other non-road engines, vehicles, 
and equipment.  

The 2019 request for applications period closed on March 26, 2019. The 2020 request for applications is 
planned to open in December 2019.  

Comparable grants awarded to Illinois from the DERA Clean Diesel Program include the following: 

2017 
National 

Illinois Chicago Transit 
Authority 

$400,000 Replace 3 transit buses with electric 
buses 

Transit Buses 

2016 
National  

Illinois Chicago Transit 
Authority 

$1.8 
million 

Replace five transit buses with all-
electric buses with en-route charging 
capabilities. 

City/County 
Vehicle, Transit 
Bus 

2009 
ARRA 
National  

Illinois Illinois 
Environmental 
Protection 
Agency 

$4.17 
million 

Retrofit 21 fleets (approximately 675 
diesel vehicles and/or engines) with 
auxiliary power units, diesel oxidation 
catalysts, diesel multi-stage filters, direct-
fired heaters and engine repowers 
(replace with cleaner engines). 

All 

US Department of Transportation BUILD Discretionary Grants 
The Better Utilizing Investments to Launch Development (BUILD) program, formerly known as 
Transportation Investment Generating Economic Recovery (TIGER) is run under the US Department of 
Transportation. This program is a potential source of funding for building fueling infrastructure for dual 
fuel consumption locomotives, but funds from these grants are in high demand. In 2018, 851 eligible 
applications were received, which totaled to over $10.9 billion in requested funding, far more than the 
$195 million that was awarded. 

Currently, $900 million is available for grants in 2019, with the maximum individual grant award of $25 
million and $90 million per state. Of the available funds, up to 50% is to be granted specifically to rural 
projects that meet the selection criteria. It is currently not known how much funding will be available in 
2020, as this is determined by the federal budget process. 
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The focus of the 2019 BUILD grants is on surface transportation infrastructure. Funding can be used for 
roads, bridges, transit, rail, ports, or intermodal transportation. Grants can also be awarded for projects 
that improve infrastructure condition, public health and safety, regional connectivity, economic growth 
or competitiveness, or energy independence. Projects are selected based on their safety, economic 
competitiveness, how they improve the quality of life, their state of good repair, innovation, and their 
partnerships with other stakeholders. 

The deadline to submit an application for the FY 2019 BUILD Transportation Discretionary Grants 
program is July 15, 2019. 

Comparable Grants Awarded in 2018 include the following project: 

• BUILDing Brazos Transit District Bus Replacement Project 
- BUILD Grant Award: $14 MM 
- Project Description: Replacement of more than 30 buses with battery-electric buses. 
- Project Location: Brazos County, Texas 

Other Potential Funding Sources 
US Department of Energy Title XVII Innovative Energy Loan Guarantee 
Program 
The Title XVII Innovative Energy Loan Guarantee Program provides loans, through the U.S. Department 
of Energy, to projects that promote the deployment of innovative energy. This includes advanced fossil 
fuel energy, advanced nuclear energy, renewable energy, or efficient energy. Loans can also be granted 
for deployment of infrastructure for alternative fueling. The RTA Alternative Fuel Study is eligible for its 
focus on the latter. Projects must also use technology that is new or significantly improved, reduce or 
avoid greenhouse gases, be located in the US, and have a reasonable prospect of repayment. This 
program has almost $22 billion available for loan grants, and loan guarantees can cover up to 100% of 
the amount of the loan granted. Loan guarantees over 80% must be issued and funded by the Treasury 
Department’s Federal Financing Bank. 

More information can be found at: https://www.energy.gov/lpo/loan-programs-office 

Public Transportation Innovation Program 
From the US DOT website, the description for this program states that it provides funding “to develop 
innovative products and services assisting transit agencies in better meeting the needs of their 
customers.”  While there are no grants currently active for this program, the status of Funding 
Availability can be monitored at http://www.grants.gov/ using the CFDA number 20.514. 

More information can be found at: https://www.transit.dot.gov/funding/grants/public-transportation-
innovation-5312 

Alternative Fuel and Advanced Vehicle Technology Research and 
Demonstration Bonds 
This funding source comes in the form of subsidized Qualified Energy Conservation Bonds issued by 
qualified state or local governments. The bonds are subsidized by the U.S. Department of Treasury.  
While the name of the program lists research and demonstration, such projects represent one example 

https://www.energy.gov/lpo/loan-programs-office
http://www.grants.gov/
https://www.transit.dot.gov/funding/grants/public-transportation-innovation-5312
https://www.transit.dot.gov/funding/grants/public-transportation-innovation-5312
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of an eligible activity for the bonds. Full eligibility criteria for this source of funding are uncertain, and 
further information will have to be obtained from the state or local governments. 

Further information can be found at: https://afdc.energy.gov/laws/10612 

Conclusion 
Funding programs that provide the most opportunity for garnering the required capital for 
implementation of dual fuel technology include, the Illinois EPA’s Volkswagen (VW) Environmental 
Mitigation Trust Fund ($32 MM), the CMAP CMAQ Funding Program, the US EPA Clean Diesel National 
Grants, the US DOT BUILD Program, and the US DOE Title XVII Innovative Energy Loan Guarantee 
Program. 

Since most of these programs are aimed at supporting projects that significantly reduce emissions, the 
Metra dual fuel conversion project may not be as attractive as it needs to be if the deployment is limited 
to about 25% of the total fleet in the Milwaukee District. It may need to be presented as part of an 
overall strategy to modernize Metra’s fleet and introduce ‘green’ initiatives, in a similar fashion to 
transit buses initiatives. 

 
 

 

 

 

 

  

https://afdc.energy.gov/laws/10612
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Conclusions 
As determined from the Best Practices and Existing Conditions Report, a CNG/diesel dual fuel approach 
was identified as the most viable option as an alternative fuel for Metra’s existing fleet, based on 
currently available, service proven technology. This report, the Feasibility Analysis and Conversion 
Details, investigated commercially available CNG storage and refueling equipment, determined possible 
operating ranges given the variables of fuel consumption rate, trip distances, locomotive daily range and 
available onboard storage capacity. Dual fuel equipment suppliers were queried with regard to 
locomotive conversion and fueling details. An operating scenario for the Milwaukee District was 
developed from a simulation model based on actual train performance data (i.e., event recorder data) 
for the Union Station to Fox Lake route. Potential refueling locations were surveyed for both mid-day 
refueling as well as overnight refueling which now becomes a requirement due to limited onboard CNG 
storage on the locomotives that were evaluated. Modifications to Metra’s facilities were also 
investigated to meet NFPA requirements for servicing locomotives with onboard CNG. FRA mandated 
test planning and safety related documentation were studied and summarized. A financial break-even 
analysis was conducted based on estimated capital costs. Reduction in NOx and PM were estimated 
based on the operating simulation combined with the expected substitution rate for CNG. A number of 
potential state and federal sources were identified for funding a portion of the conversion costs; the 
primary aim of most of the funding sources is reduction of diesel exhaust emissions, which the CNG 
conversion would enable. 

The Milwaukee District lent itself well to the feasibility study for the following reasons: 

• The daily travel distances are typical of Metra’s routes. 
• The quantity of locomotives utilized on it (38) approximated the number of locomotives 

available in Metra’s fleet that are all viable candidates for dual fuel conversion (at mid-life or 
less), namely the MP36PH-3C, the F59PH and the recently acquired F59PHI. 

• This district is fully within Metra’s control unlike the UP and BNSF districts, allowing greater 
flexibility in implementation. 

• There is potential for a substitution of approximately 4MM gallons of diesel fuel with CNG and 
an annual fuel cost savings of $6.5MM annually, based on the diesel-CNG pricing differential of 
$1.60 used in this report. 

• Good operational model data already existed for the CUS to Fox Lake route. 
• The Milwaukee District (or one of its routes) could be used as a pilot program for evaluating 

CNG conversion before deploying on a larger scale. Also, a more limited scale than what was 
presented herein could also be executed as an evaluation project. 

Feasibility for conversion of Metra’s entire fleet in other operating districts was not evaluated due to 
uncertainty of what type of locomotive will replace the approximately 100 F40’s that are nearing end of 
life. Metra may choose to replace these with new Tier 4 locomotives; dual fuel conversion has not been 
applied to any of the currently available Tier 4 commuter locomotives.  

An evaluation was conducted of Metra’s major locomotive maintenance facilities (Western Avenue and 
the 47th Street shops) for compliance to safely handle CNG equipped locomotives, and a preliminary 
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survey of potential space envelopes for CNG refueling stations at all of Metra’s mid-day and overnight 
layover facilities was also provided. From this study the following conclusions can be made: 

• The Milwaukee District Operating Scenario demonstrates the feasibility of a dual fuel operation 
utilizing CNG; however, some operational challenges have been identified.  

• The most impactful issue identified is that on-board CNG storage capacity is a limiting factor 
with Metra’s current fleet of F59PH, F59PHI and MP36 locomotives due to limited space in the 
carbody and underframe areas. Initial capacity based on available onboard space was estimated 
to be on the order of 300 DGE of CNG and up to 1,000 gallons of diesel fuel, when utilizing a 
novel underframe combination storage tank concept proposed by one of the refueling station 
suppliers. Additional above-deck CNG storage may be possible but would require a major 
reconfiguration of the equipment in the car body.  

o At the estimated substitution rate of 65% CNG, these locomotives would be limited by 
the on-board CNG, which would be consumed at an average rate of 2.2 DGE per mile, 
based on the CUS-Fox Lake run simulation. 

o Because of the onboard CNG storage limitation, the MDN study identified a necessary 
overnight refueling scenario. This drives additional costs to install and maintain the 
overnight fueling stations and additional staff to perform the fueling. Weekend refueling 
would also be required. Metra currently has no need to refuel at remote sites and can 
typically operate some locomotives throughout the weekend without refueling. 

o Also because of the onboard CNG storage limitation, conversion of the separate diesel 
HEP engine was not considered. If more onboard CNG storage were available, the diesel 
HEP engines could be replaced with 100% CNG fueled engines allowing an even greater 
rate of diesel fuel substitution (another 20%) and additional reduction of exhaust 
emissions. 

o Although the CNG storage is limited, the larger volume of onboard diesel storage 
combined with its reduced usage, would ensure that even if all of the onboard CNG 
were consumed, the nature of the dual fuel engine allows it to run on diesel only. 

o It is noted that the recently acquired EMD SD70MAC (freight conversion to passenger) 
locomotives would have a greater CNG and diesel onboard storage capability (550 DGE 
of CNG and 2,000 gallons of diesel) and would be less limited in range than the smaller 
commuter locomotives (if converted). Per Metra, it is not planned to utilize these 
locomotives on the Milwaukee District. 

• In the case of Metra’s mid-day refueling locations, large buffer storage of CNG (up to 10,000 
DGE) would be required to expedite the mid-day refueling which will require a large footprint. 
The site survey shows 3 of the 4 possible fueling locations on the Milwaukee District appears to 
have available space for installation of the CNG fueling and storage equipment with further 
assessment needed for the Western Avenue location. There are also several potential locations 
on the other districts presenting challenges.  
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• In the case of the Milwaukee District, if space is available, CNG refueling could be accomplished 
at the Western Avenue mid-day refueling site with fast fill fueling dispensers and a large buffer 
storage (10,000 DGE) of CNG. The proposed fueling facility presented was sized to refuel 40 
locomotives in a two-hour window. 

• The overhaul cycle of dual fuel engines is assumed to coincide with the same time or mileage 
based cycle that a diesel only engine would require.  The cost of performing a dual fuel 
locomotive engine mid-life overhaul was assumed to be the same as a diesel only engine. 
Manufacturers do not have long historical data to validate life of engine components or 
overhaul requirements.  

• Owing to the large installed base of CNG fueling stations for large vehicles such as passenger 
buses, commercial trucks, and other utility vehicles, the fueling equipment is readily available 
and largely well supported. The equipment is scalable to support the necessarily higher refueling 
rates and capacities for locomotives. Specific consideration will need to be given in future 
engineering efforts for space constraints at Metra’s facilities. 

• Special considerations will need to be made for Metra’s locomotive maintenance facilities to 
ensure electrical and mechanical equipment (lights, heaters, fans, etc.) compatibility with CNG 
vehicle maintenance facility code requirements. An overview of necessary changes has been 
provided, but a more detailed assessment and equipment survey of each facility is 
recommended to determine design criteria before preliminary engineering work can 
commence. 

• The proposed timeline indicated that the conversion process for the Milwaukee District is 
estimated to be a 4 to 5 year process once funding is available, based on the assumptions made. 
This is a conservative assumption based on Metra supporting the locomotive conversion with 
their craft labor and completing the conversions at the rate of one unit per month. The process 
could potentially be expedited by increasing the rate of conversions through outsourcing of the 
conversions. 

• Accordingly, each facility and overnight fueling location design requirements will need to be 
thoroughly reviewed with the local Authority Having Jurisdiction (AHJ) for permit planning. This 
may also require community outreach and education. These efforts are hard to define and 
capture in this report. 

• The two primary dual fuel conversion equipment suppliers, ECI/EE and Progress Rail have 
created the kits and they have been installed and operated in pilot projects throughout North 
and South America on freight railroads, however there is not a large base of installed systems on 
locomotives currently operating in North America, and none known to be in passenger rail 
service to date. 

• The FRA will require a formal detailed plan to be submitted to demonstrate that locomotives 
utilizing CNG as a fuel can be safely operated in Metra’s districts, including along specific 
alignments. Obtaining FRA approval is the first step in the process of dual fuel conversion. The 
FRA has created a Natural Gas Safety Review program for NG and alternative fuel locomotives. 
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• Based on the estimated capital cost assumptions shown and the diesel-CNG price forecast, 
payback for the investment in the CNG conversion for the Milwaukee District will take about 13 
to 15 years as long as fuel prices remain somewhat predictable. If external funding is secured to 
cover a portion of the capital expenses, or if the price of diesel fuel rises dramatically, this would 
improve the payback timeframe. 

• If Metra wished to perform an evaluation of CNG/diesel dual fuel on a smaller scale, one of the 
three lines (i.e., Fox Lake) in the Milwaukee Districct, and a limited number of locomotives could 
be converted along with the necessary CNG infrastructure for a pilot project. The Rock Island 
line may also be considered for a pilot project as it is a smaller operation than the Milwaukee 
District. 

• It should be noted that once the investment is made in the dual fuel fleet conversion, the 
refueling infrastructure and other related activities, Metra would continue to benefit from the 
annual fuel savings indefinitely with the continued availability of dual fuel powered locomotives. 
To that end it is expected that this would become a requirement in the specifications for future 
locomotive procurements. 

• Substitution of CNG for diesel fuel will have a positive effect on exhaust emissions for the 
converted locomotives. NOx and PM will both decrease by proportional amounts of CNG 
substitution as NG burns ‘clean’. It should be noted that CNG substitution begins at notch 3 in a 
dual fuel locomotive so exhaust emissions at idle will not change. Metra would gain the most 
emissions improvement by converting unregulated, Tier 0 or Tier 1 locomotives and take 
advantage of the immediate benefits.  

It should be noted that this report was specifically prepared to review and make recommendations 
regarding available alternate fuels for Metra’s locomotive fleet. It is beyond the scope of this report, but 
it is expected that Metra would also evaluate the pros and cons of dual fuel conversion against a Tier 4 
diesel engine conversion. Although the fuel cost savings would not be as significant (Tier 4 engines are 
more fuel efficient than those in the current fleet), exhaust emissions reductions would be much 
greater.  

Benefits of Dual Fuel Conversion 
• Potential for up to 65% NG substitution for diesel, with corresponding fuel cost savings 

depending on degree of conversion. For the Milwaukee District, this would be on the order of 
4MM gallons of diesel fuel replaced at an estimated savings of approximately $6.5MM annually 
at current CNG and diesel prices. If applied to all Metra districts, the annual fuel cost savings 
would be on the order of $26MM annually. 

• Potential for PM and NOx exhaust emissions reductions as NG is a cleaner burning fuel. In 
addition to the fuel itself, diesel also contains dyes, and lubricants which also contribute to the 
particulate matter and soot. 

• Significantly fewer diesel fuel deliveries (about 580 fewer diesel fuel deliveries to 
Western Ave. annually, for example), resulting in less traffic in and out of refueling 
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facilities and reduced spill potential. NG is supplied directly to each site by pipeline so no 
service disruptions due to weather or missed fuel deliveries. 

• Dual fuel conversion allows backup operation on 100% diesel if onboard CNG is depleted. 

• CNG refueling is simpler than diesel refueling as fuel stations automatically regulate and shutoff 
when fueling is complete. 

• CNG fueling infrastructure is transit service proven, due to the large fleets of CNG powered 
buses (over 14,000 in operation) and other vehicles in operation for many years; fueling and NG 
compression equipment is readily available and scalable to Metra’s fleet needs. 

• The price of NG is historically more stable and not prone to the wild fluctuations of diesel fuel 
due to variations in supply. 

• Dual fuel conversion kits are available for Metra's existing fleet (645 and 710 engine families) 
and conversions can be accomplished in Metra's shops by Metra personnel (with engineering 
support from the supplier). 

Challenges for Dual Fuel Conversion 
• There are very high capital costs and a multi-year timeline associated with the addition of CNG 

infrastructure, locomotive fleet and maintenance facility modifications to Metra’s districts and a 
long payback period as illustrated in the provided financial analysis.  

• Based on the financial model of Milwaukee District only, the break-even point may take up to 15 
years, assuming no gross fluctuation in prices for either fuel. This may be near the usable life of 
the converted locomotives. A fifteen-year life was assumed for the locomotives after conversion 
and overhaul. 

• There is some uncertainty about the availability of locomotives for dual fuel conversion; this 
study identified locomotives in Metra’s fleet that are suitable for conversion, however it is 
unknown at this time if any of the current manufacturers would offer this option for a new 
locomotive. 

• Additional refueling equipment will require an extensive multi-year project planning, 
engineering, coordination, construction, testing and acceptance planning.  

• Limited on-board storage availability for CNG will drive additional refueling, impacting Metra's 
current operating scenarios. 

• Addition of personnel at overnight refueling station locations to accomplish CNG refueling. 

• Additional safety and operational training on the use of CNG will be required. 

• Timely approval of all testing and conversion plans by the FRA. 

• Hazard potential will require detailed hazard analyses and mitigation plans, coordination with 
municipalities (i.e., first responders along Metra's alignments) and extensive safety training. 

• Potential noise nuisance issues with CNG pumping equipment at Metra's outlying overnight 
locations. 
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• Public perception of locomotives with CNG on board passing through multiple, densely 
populated communities – significant efforts for community outreach may be needed. 

• Potential for additional maintenance and inspection of NG equipment on board locomotives. 

• Exhaust emissions reductions, although much improved over Metra’s existing diesel locomotive 
fleet, does not approach the reduction from EPA Tier 4 engines.  

• Meeting higher emissions standards such as Tier 4 may requires more CNG and exhaust filtering 
apparatus.   

Next Steps 
The data in this report, and the Best Practices report is intended to aid the RTA and Metra in making an 
assessment in the feasibility of converting all or a portion of its diesel locomotive fleet to operate on an 
alternate fuel; the CNG/diesel dual fuel approach is proposed as it allows for a greater substitution of a 
lower cost and more cleaner burning fuel without compromising available horsepower and 
subsequently train performance. Per the equipment suppliers, the dual fuel approach does not in any 
way degrade locomotive operation. 

These reports provide an initial assessment of the feasibility of the alternate fuel conversion and a 
roadmap to further investigations and studies to determine the impact to Metra, both positive and 
negative, on a dual fuel fleet conversion. 

If Metra chooses to pursue a dual fuel approach as outlined in this report, the following 
recommendations are made: 

• Engaging the FRA’s Natural Gas Safety Review team is key to moving forward and gaining 
approval before any major investment is made. Contact information for the FRA Supervisory 
Railroad Safety Specialist is provided in the References section of this report. 

• An experienced natural gas facilities engineering consultant should be brought on board who 
can guide Metra through the CNG conversion process, encompassing safety requirements, NG 
supply, pressurization, storage and fueling, local, state and federal regulations, etc. Pace used 
this approach to successfully launch their CNG bus project. 

• Contact with the NG suppliers in proximity to each facility to determine available gas line 
pressure to discuss what is needed to provide the gas volumes required at each fueling location.  

• A detailed site survey and engineering study of each fueling location to determine suitability of 
each site for the pumping, storage and dispensing stations. 

• A detailed review of Metra’s maintenance shops to determine the scope of changes required to 
be code compliant for handling CNG fuel locomotives. 

• Contact with the equipment suppliers identified in this report to begin discussion on the 
conversion details and detailed cost estimates for the locomotive modifications and the fueling 
equipment. The cost estimates provided herein are rough order of magnitude. 
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• Contact with locomotive manufacturers to explore the option of providing dual fuel Tier 4 
locomotives for future procurements; and the development of associated specification 
requirements for future locomotive procurements. 

• Development of a more detailed break-even analysis to better evaluate the financial side of the 
project. The analysis presented makes many assumptions and is considered conservative. 
Receipt of public funding was not considered to offset the capital cost. 

• Monitoring of new motive power technology. The CNG dual fuel approach was selected based 
on its availability and applicability to Metra’s existing fleet. While there is limited development 
in North America, Europe has been more aggressive in mandating a path away from diesel 
engines in rail transportation. 

• For a local perspective on a CNG based dual fuel conversion process currently underway, Metra 
may wish to reach out to the Indiana Harbor Beltway to learn more about their switcher 
conversion process. The supplier of the dual fuel engines, Optifuel, may be contacted to arrange 
this if Metra is interested. 
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Abbreviations 
AESS Automatic Engine Start Stop 
AHJ Authority Having Jurisdiction 
ANSI American National Standards Institute 
ASLRRA American Short Line and Regional Railroad Association  
ASTM American Society of Testing Materials 
BTU British Thermal Unit 
CNG Compressed Natural Gas 
CO Carbon Monoxide 
CDCF Cumulative Discounted Cash Flow 
DBA Doing business as 
DGB Dynamic Gas Blending 
DGE Diesel Gallon Equivalent 
DRR Discounted Rate of Return 
DME Dimethyl Ether 
DMU Diesel Multi Unit 
DOC Diesel Oxygen Catalyst 
DOD Department of Defense 
DOE Department of Energy 
DOT Department of Transportation 
DPF Diesel Particulate Filter 
EFI Electronic Fuel Injection 
EMD Electromotive Diesel 
EPA Environmental Protection Agency 
FRA Federal Railroad Administration 
GE 
GNG 

General Electric  
Gaseous natural gas 

Gpd Gallons per day 
Gpm Gallons per minute 
HC Hydrocarbon 
HEP Head End Power 
HPDI High Pressure Direct Injection 
IFC International Fire Code 
IRR Internal Rate of Return 
LFL 
LNG 
LPG 

Lower Flammable Limit 
Liquid Natural Gas 
Liquid Petroleum Gas 

MCC Motor Control Center 
MUI Multi-Unit Injection 
NEC National Electrical Code 
NFPA National Fire Protection Association 
NG Natural Gas 
NGV Natural Gas Vehicle 
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NOx Oxides of Nitrogen 
NPV Net Present Value 
PLC Programmable Logic Controller 
PM Particulate Matter 
RNG Renewable Natural Gas 
RTA Regional Transportation Authority 
SCF Standard Cubic Foot 
VAC Volts AC 
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1 Introduction 

LTK Engineering Services has been commissioned to assess the viability of converting 
some portion of the Metra commuter rail system’s diesel locomotive fleet to utilize alternative 
fuels. The goal of such a conversion is to reduce emissions, improving air quality for 
northeastern Illinois and locally within confined spaces of certain Metra stations.   

In order to do so, a conventional diesel-powered and hypothetical alternative-fuel-powered 
locomotive have been modelled using TrainOps® rail network simulation software, based on 
vehicle performance characteristics provided by Metra and by rail equipment suppliers. This 
model is used to quantify the effect of locomotive alternative fuel conversion on travel times, 
fuel consumption, and emissions.  

A preliminary modelling effort was undertaken to ensure the accuracy of the model, by 
calibrating travel times and fuel consumption outputs for the existing Metra MP36PH-3C 
locomotive to their present-day values, as measured or estimated from available 
performance data. The calibration process consists of first matching simulated travel times 
and speed profiles, then calculating fuel consumption for a matched trip, applying corrective 
factors as necessary and appropriate to match the source data. All simulations were 
performed on the Milwaukee District North Line, since the most complete source data on 
vehicle performance and fuel consumption was only available for this service. 

The resulting baseline simulation model serves as a benchmark with respect to travel times, 
full consumption and emissions. Based on equipment performance data provided by a 
supplier, a future alternative-fuel scenario has been compared to this benchmark trip. The 
alternative fuel of choice is a “dual-fuel” mixture of conventional diesel and compressed 
natural gas (CNG). It is possible to modify existing diesel engines to accept such a mixture, 
with the ratio of the two fuels varying depending on the engine’s power output in order to 
maximize the available tractive effort. The substitution of CNG for a substantial fraction of 
the diesel fuel which would otherwise be consumed by a standard revenue trip has 
implications for the type and quantity of emissions generated.  

An additional potential benefit of incorporating CNG fuel may be reduced fuel cost and 
reduced exposure to fuel cost fluctuations. However, these benefits are not addressed 
within this memorandum, which is focused on the physical performance of Metra’s fuel-
powered locomotives. 
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2 Metra Performance Data 

 Vehicle Performance 
Two sources of data were used as the basis for assessing real-world Metra performance. 
Both sources concern operations on the Metra Milwaukee District. One source is event 
recorder data from locomotive 422, an MP36PH-3C operating on the Milwaukee District 
North Line and hauling six gallery cars. The event recorder data which was analyzed spans 
from October 12, 2018 to October 14, 2018.  

The second source calibration data consists of six Milwaukee District West Line trip speed 
profiles recorded by GPS receiver on May 11 and 12 of 2017, with three trips traveling in 
each direction. The Milwaukee District West Line diverges from the Milwaukee District North 
Line at the interlocking CP A-5, at Milepost 5.5. As such, the speed profiles of the 
Milwaukee District West Line trips are only a valid representation of the speed profiles of a 
Milwaukee District North Line trip between Chicago Union Station and Tower A-4, the signal 
approaching the diverging move. The trips recorded used a variety of locomotives and 
consists, so not all speed profiles are directly comparable to any individual simulated 
consist. The source trips for each of the data sources plotted for calibration are summarized 
in Table 1.  

Table 1: Trips Recorded for Vehicle Performance Calibration 

Trip Locomotive Model Number of Gallery Cars 
+ Cab Cars Data 

2205 MP36PH-3C 7 GPS 
2215 F40PH-3 6 GPS 
2209 F40PH-3 6 GPS 
2230 MP36PH-3C 6 GPS 
2234 F40PH-3 5 GPS 
2230 F40PH-3 6 GPS 
2102 MP36PH-3C 6 Event Recorder 
2601 MP36PH-3C 6 Event Recorder 

 

Both sources of speed profile data are subject to certain types of error. The GPS data 
consists of a series of time-stamped geographic coordinates. Speed is derived as the 
distance between each time-adjacent pair of coordinates, divided by the time interval. There 
is some error in the measurement of each location, such that even at rest the location at 
sequential recorded data points is not constant. As a result, the total distance recorded 
along a path tends to exceed the actual distance travelled by the GPS device. Moreover, it 
is difficult to precisely identify the duration of a station stop using the speed profile alone. 
GPS location measurement precision is affected by many factors, including the built 
environment surrounding the receiver and the constellation of GPS satellites available at 
each recording time-step. The GPS signal becomes highly inaccurate within the last mile of 
track approaching Chicago Union Station for all trips, due to the surrounding structures 
which obstruct the satellite signals. 

By contrast, the event recorder data records speed as a function of the rotational velocity of 
the train’s axles, using the diameter of the wheel to calculate the linear distance travelled in 
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each time-step. Distance travelled is computed as the integral of the speed signal. Any 
minor difference between the actual wheel diameter and the value used to compute distance 
travelled, or any rotation of the axle which does not advance the wheel (slippage), 
introduces error into both the speed measurement and the distance measurement on a 
linear basis. However, unlike GPS data, the event recorder data clearly delineates station 
stops.  

Based on the track distance between stations shown on the Metra track charts, the distance 
travelled during each time-step in the event recorder data was re-scaled in order to sum to 
the correct total distance between Fox Lake Station and Chicago Union Station. The scaling 
factor was obtained by comparing a sample of five trips in each direction, which confirmed 
that event recorder distances are consistently 1.027% longer than track chart distances. 
This linear error is consistent with the hypothesis that the wheel diameter used to calculate 
distance travelled from rotational frequency is slightly inaccurate, though there may be other 
causes. The Event Recorder speed profiles shown in Figure 1 and Figure 2 reflect this re-
scaling of the raw data, affecting both speed and distance travelled, which is the integral of 
the speed. 

 

Figure 1: Northbound Speed Profiles (CUS on Left) 
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Figure 2: Southbound Speed Profiles (CUS on Right) 
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Figure 3: Acceleration Profile for Trip 2102 Braking into Morton Grove Station, MP36PH-3C + 5 x Nippon-
Sharyo Gallery Cars + 1 x Nippon-Sharyo Cab Car 

The range of observed brake rates across a sample of station stops identified as having 
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based on approximate fuel gauge readings before and after each round trip, and, 
separately, based on the volume of fuel added after each round trip.  

However, there are several variables which limit the applicability of the results to the Metra 
Alternative Fuels Study.  These results provide only a rough estimate of fuel consumption to 
compare against more nuanced analysis. The precision of the fuel gauge readings in the 
2017 data is low: on the order of +/- 50 gallons per trip. The volume of fuel added after each 
trip is recorded more precisely, to the single gallon. However, the volume of fuel consumed 
includes an inbound and outbound trip, as well as a layover at Chicago Union Station and 
one or more trips between the yard and Fox Lake Station. Without additional information 
regarding the duration of the dwell at Chicago Union Station, the power output of the 
locomotive during the dwell, and the duration and speed profile of both the inbound and 
outbound trip, and confirmation that all test trips included the same passenger vehicles, the 
resulting estimate of fuel consumption cannot be directly compared to the calculated fuel 
consumption during simulated trips discussed below in Section 3.2. However, these values 
do provide a check that any calculated fuel consumption value is within reason, with the 
understanding that the per-mile fuel consumption values are likely higher than in actual 
operation. 

With these caveats, fuel consumption estimates provided in the Metra study are summarized 
in Table 3. 

Table 3: Metra Fuel Study Consumption Estimates for a Southbound Trip by Locomotive 

Locomotive Model 
Fuel Per Mile, gal 

By Gauge 
Reading 

By Fuel 
Added 

F40PH-3 with EFI 6.82 4.66 
MP36PH with EFI and CAT Engine 4.29 3.88 

F40PH-3 with MUI 4.04 4.72 
MP36PH with CAT 3.03 3.53 

MP36PH with Inverter 3.03 3.72 
F59 N/A 3.58 

 

The vehicle modeled for calibration corresponds to the MP36PH with EFI and CAT Engine, 
identified elsewhere as “MP36PH-3C.” Since this is the only locomotive for which data is 
available for both performance (speed profile) calibration and fuel consumption, this is the 
only vehicle for which full results have been computed. 
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3 Calibrating Simulated Performance 

 Matching Vehicle Performance 
In order to correct for effects which limit trip performance in the real world, the initial 
simulation results based on ideal inputs were corrected using a schedule margin. Schedule 
margin is a performance limitation imposed on a simulated trip’s theoretical acceleration, 
speed and dwell times, to account for such effects as variability in operator behavior, 
mechanical variability (not all traction motors operating at peak performance) and platform 
dwell variation. With 10% schedule margin, a simulated trip which takes 100s under ideal 
conditions (a so-called “golden run”) will take 110s in simulation.  

In order to compute the appropriate schedule margin, travel times between stations in an 
ideal “golden run” TrainOps simulation were compared to event recorder data for an all-
stops local trip in each direction. These station-to-station travel times are presented in Table 
4 and Table 5, which represent comparisons to northbound Trip 2601 and southbound Trip 
2102, respectively. The appropriate schedule margin was assessed based on the average 
observed difference between the simulated and recorded travel time through each track 
segment between stations. 

All trips were simulated with a dwell time at each inline station of 35 seconds, based on the 
average dwell time observed in a sample of the event recorder data for revenue trips.  

Table 4: Northbound Station-to-Station Travel Time Comparison for Trip 2601 

Track Segment TrainOps, 0% 
Schedule 

Margin 

Event Recorder for 
10/7/2018 

Recorded / 
Simulated Travel 

Times 
Chicago Union Station – 
Western Avenue 07:45 08:21 1.078 

Western Avenue –  
Healy Station 04:30 04:51 1.078 

Healy Station –  
Grayland Station 02:54 03:00 1.034 

Grayland Station –  
Mayfair Station 01:56 02:11 1.129 

Mayfair Station –  
Forest Glen Station 02:33 02:38 1.036 

Forest Glen Station – 
Edgebrook Station 02:34 02:47 1.083 

Edgebrook Station – 
Morton Grove Station 03:54 03:50 0.983 

Morton Grove Station – 
Golf Station 02:53 03:09 1.093 

Golf Station –  
Glenview Station 02:21 02:26 1.035 

Glenview Station –  
North Glenview Station 02:45 02:52 1.039 

North Glenview Station – 
Northbrook Station 03:23 03:27 1.021 

Northbrook Station –  02:57 03:06 1.050 
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Track Segment TrainOps, 0% 
Schedule 

Margin 

Event Recorder for 
10/7/2018 

Recorded / 
Simulated Travel 

Times 
Lake-Cook Road Station 
Lake-Cook Road Station 
– Deerfield Station 02:27 02:25 0.983 

Deerfield Station –  
Lake Forest Station 04:52 05:02 1.033 

Lake Forest Station – 
Libertyville Station 09:01 10:11 1.130 

Libertyville Station – 
Prairie Crossing 04:59 05:47 1.161 

Prairie Crossing – 
Grayslake Station 02:45 02:53 1.048 

Grayslake Station –  
Round Lake Station 04:15 06:11 1.456 

Round Lake Station – 
Long Lake Station 03:02 03:38 1.199 

Long Lake Station – 
Ingleside Station 02:55 03:23 1.162 

Ingleside Station –  
Fox Lake Station 03:14 04:29 1.388 

Average   1.106 
 

Table 5: Southbound Station-to-Station Travel Time Comparison for Trip 2102 

Track Segment TrainOps, 0% 
Schedule 

Margin 

Event Recorder for 
10/8/2018 

Recorded / 
Simulated Travel 

Times 
Fox Lake Station - 
Ingleside Station 03:11 03:23 1.064 

Ingleside Station –  
Long Lake Station 02:57 02:59 1.013 

Long Lake Station – 
Round Lake Station 03:09 03:13 1.023 

Round Lake Station – 
Grayslake Station 04:15 05:34 1.311 

Grayslake Station –  
Prairie Crossing 02:50 03:05 1.088 

Prairie Crossing – 
Libertyville Station 04:49 05:07 1.063 

Libertyville Station –  
Lake Forest Station 08:56 09:58 1.116 

Lake Forest Station – 
Deerfield Station 04:53 04:56 1.011 

Deerfield Station –  
Lake-Cook Road Station 02:23 02:35 1.080 

Lake-Cook Road Station 
– Northbrook Station 02:57 03:15 1.103 
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Track Segment TrainOps, 0% 
Schedule 

Margin 

Event Recorder for 
10/8/2018 

Recorded / 
Simulated Travel 

Times 
Northbrook Station –  
North Glenview Station 03:19 03:28 1.046 

North Glenview Station – 
Glenview Station 02:47 03:04 1.099 

Glenview Station –  
Golf Station 02:19 02:35 1.115 

Golf Station –  
Morton Grove Station 02:51 03:00 1.054 

Morton Grove Station – 
Edgebrook Station 03:52 03:55 1.014 

Edgebrook Station – 
Forest Glen Station 02:32 03:11 1.259 

Forest Glen Station – 
Mayfair Station 02:34 02:42 1.049 

Mayfair Station –  
Grayland Station 01:56 02:05 1.079 

Grayland Station –  
Healy Station 02:52 03:24 1.184 

Healy Station –  
Western Avenue 04:29 04:59 1.110 

Western Avenue – 
Chicago Union Station 07:47 08:35 1.103 

Average 
  

1.095 
 

Based on the average difference observed between the northbound and southbound trip, a 
schedule margin of 10.0% was applied to all simulations. The simulated travel times for a 
local trip with this calibration factor applied are compared to the equivalent event recorder 
data in Table 6. 

Table 6: Simulated vs. Recorded End-to-End Travel Time Only (No Station Dwells) 

Trip TrainOps Simulation, 10% 
Schedule Margin 

Event 
Recorder Data 

Recorded / 
Simulated 

2102 (Northbound) 1:24:51 1:26:38 1.021 
2601 (Southbound) 1:24:39 1:25:04 1.005 

 

The speed profiles of TrainOps simulated trips with and without the calculated 10% 
schedule margin are presented in Figure 4 and Figure 5. Note that without schedule margin, 
the simulated trips achieve a top speed between each station similar to that of the trips 
recorded by both the GPS and the Event Recorder. However, with schedule margin the 
simulated trips do not reach the same top speed as in the observed trips. The reason the 
lower top speed does cause the simulated trip time to exceed the observed trip time is that 
simulated trips are more aggressive in accelerating out of and decelerating into station stops 
than actual engineers. While it is not readily visible in the speed profiles indexed against 
distance shown in Figure 4 and Figure 5, much of the disparity between simulated and 
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observed travel times is due to more aggressive acceleration and deceleration into and out 
of each station stop. This discrepancy exists because the simulation program always 
commands the maximum theoretically possible performance from the vehicle, unlike a real 
operator, who is likely to “feather” braking and acceleration for passenger comfort and 
flexibility in final train position. 

 

Figure 4: Simulated Northbound Speed Profiles 
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Figure 5: Simulated Southbound Speed Profiles 

While these calculations demonstrate that a 10% schedule margin is appropriate and 
necessary in order to match observed travel times, de-rating acceleration poses a problem 
when calculating fuel consumption based on simulated train performance. In order for the 
simulation software to calculate the power commanded to produce effort at the rail correctly, 
the schedule margin must be 0% (no schedule margin). With schedule margin, the 
simulated train will never demand the maximum power, skewing the engine’s apparent 
notch setting downward. In order to compromise between the conflicting requirements that 
the simulation match observed travel times, while making using the full range of engine 
notch settings, dwell times are adjusted. The simulation uses no schedule margin, which 
serves as the basis for the notch setting profile of the trip. However, dwell times are 
increased in order to match the total end-to-end travel time by the appropriate fraction 
required by the schedule margin; in this case, 10%. The difference between the theoretical 
travel times achieved in the model and the observed real-world travel times are thus 
reckoned as time at idle, with the HEP generator running, rather than de-rating train 
performance while moving. 

 Matching Fuel Consumption 
In order to allow a direct comparison against the available fuel consumption data sources, 
Trip 2125 was simulated in TrainOps using a consist of six Nippon-Sharyo gallery cars and a 
single Nippon-Sharyo cab car, led by an MP36PH-3C.  
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The calculation process for deriving fuel consumption from the simulation outputs relied on 
knowledge of several characteristics of the vehicles in question. The simulation output 
includes speed, acceleration and traction power at the wheel for each time-step, based on 
the tractive effort curve of the locomotive and the size of the consist. The algorithm for 
calculating train acceleration does not explicitly identify which notch the prime mover is set 
to for each time-step. However, the notch was inferred based on the instantaneous tractive 
effort, the tractive effort curve of the vehicle, a table of rated power by notch for the 
locomotive, and knowledge of both the generator efficiency (assumed to be 82% in keeping 
with rail manufacturer standard practice) and the mechanical efficiency of the vehicle, which 
varies with speed. 

EMD, the manufacturer of the 16-cylinder 645F3B diesel prime mover which provides motive 
power to the MP36PH-3C locomotive, has published a table of fuel consumption rate and 
power output by notch for the purposes of calculating emissions. This source data is 
reproduced here as Table 7. The “Power in Notch” value is used to infer the effective notch 
at which the locomotive operates in each time-step, with the locomotive assumed to operate 
in the lowest notch which provides adequate power to deliver the commanded effort at the 
rail. The “Fuel Rate” value is used to calculate total fuel consumption, based on the time that 
the simulated trip spends in each notch. 

Table 7: EMD 16-645F3B Locomotive Fuel Consumption and Power Output by Notch 

Notch Power in Notch, bhp Fuel Rate, lb/hr 
DB 38 91 
Idle 9 22 
1 205 92 
2 475 179 
3 1005 363 
4 1353 480 
5 1876 652 
6 2766 919 
7 3454 1136 
8 3866 1281 

 

The head-end power demand of the consist was estimated based on a 50 kW/car load for 
each of the seven total trailer and cab cars, plus an 18 kW load for the locomotive itself, for 
a total load of 368 kW. The fuel consumption rate as a function of load of the Caterpillar C18 
diesel generator set which provides head-end power for the gallery cars has been assessed 
by researchers at North Carolina State University for the North Carolina Department of 
Transportation, cited below.  

A head-end load of 368 kW requires the generator to run with a constant ultra-low sulfur 
diesel fuel burn rate of 28.05 gal/hour. This figure is based on linear interpolation from the 
data presented in Table 8, which is reproduced from the study cited. The reported mass flow 
rate is converted to a volumetric flow rate based on a fuel mass density of .832 kg/l. The fuel 
consumption during each time-step was summed to calculate the fuel consumed during the 
entire simulated trip. 
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Table 8: Observed Load, Engine Output and Time-Based Fuel Use (Frey & Hu, 2015)  

Load Box Load, 
kW 

Engine Output, 
bhp 

Fuel Consumption, 
gram/second 

50 83 5.7 
125 126 7.8 
250 349 18.4 
375 532 24.9 
500 692 32.7 

 

The total time spent in each notch by simulated Trip 2125 during the 1:25:09 of simulation is 
summarized in Table 9. Table 9 also presents the total energy used in each notch setting, in 
units of horsepower-hours, for use in emissions calculations. As described in Section 3.1, 
dwell times have been increased in order to match the end-to-end travel time of the trip to 
that which would exist if the appropriate 10.0% schedule margin were included. This results 
in an effective dwell time at each inline station of 74 seconds. 

Table 9: Time and Energy in Notch for Simulated Trip 2125 

Notch Setting Time in Notch Energy Expended, 
bhp-hr 

Diesel Fuel 
Consumption, gal 

Dynamic Brake 0:18:49 11.92 4.11 
1 0:03:52 13.21 0.85 
2 0:00:20 2.64 0.14 
3 0:02:47 46.62 2.43 
4 0:01:40 37.58 1.92 
5 0:04:22 136.53 6.83 
6 0:03:54 179.79 8.6 
7 0:01:43 98.82 4.68 
8 0:32:54 2119.86 101.16 

Propulsion Total 1:10:21 2646.97 130.73 
    

Idle 0:14:48 2.22 0.78 
HEP Generator 1:25:09 740.45 38.15 

    

Total 1:25:09 6036.61 169.67 
 

The result of this process is a calculated total fuel consumption of 169.67 gallons by Trip 
2125 from Chicago Union Station departure to Fox Lake Station arrival. The prime mover 
consumes 77.51% of this fuel, while the HEP generator set is responsible for the remaining 
22.49%. Over the 49.45 mile long route, this works out to an average of 3.43 gal/mile. As 
expected, this value is lower than the 3.88 gal/mile value computed for the same consist in 
the earlier study, which also factors in fuel consumed outside of the revenue trip time.   

The distribution of time spent in each notch output by simulated trip 2125 can be compared 
qualitatively to event recorder data showing time in notch for two real-world Milwaukee 
District North trips recorded on October 8, 2018, as seen in Table 10. While the three trips 
each follow a different stopping pattern, and should not be expected to match closely, there 
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are discernible similarities, particularly in the fractions of time spent in Dynamic Braking 
mode, at Idle, and in Notch 8 (full throttle). This serves to confirm the validity of the process 
used to assess the notch setting in each time-step based on the tractive effort exerted and 
table of power outputs by notch setting.   

Table 10: Fraction of Trip in Notch Setting 

Notch Setting By 
Output 

Simulated Trip 
2125 

Event Recorder, 
Trip 2126 

Event Recorder, Trip 
2102 

Dynamic Braking 22% 23% 20% 
Idle 17% 17% 24% 
1 5% 2% 1% 
2 0% 11% 2% 
3 3% 1% 1% 
4 2% 2% 0% 
5 5% 0% 0% 
6 5% 0% 0% 
7 2% 0% 0% 
8 39% 44% 52% 

 

Simulated train performance and fuel consumption match the measured performance to a 
degree which demonstrates that the model accounts for all important effects. The available 
data on fuel consumption rates is not of adequate accuracy to justify fine-tuning the model to 
match its outputs to the data precisely. The cumulative fuel consumption is plotted alongside 
the simulated speed profile in Figure 6. 
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Figure 6: Simulated Speed and Cumulative Fuel Consumption for TrainOps Trip 2125 
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4 Dual-Fuel Operation 

 Diesel vs. CNG Fuel Consumption 
One method under consideration to reduce diesel fuel consumption and emissions by Metra 
locomotives is dual-fuel conversion, in which a portion of the diesel fuel consumed by an 
existing locomotive engine is replaced by CNG. Previous research and development work 
by freight railroads and locomotive manufacturers has demonstrated that conversion of 
existing locomotive engines is technologically feasible, by means of a conversion kit.  

This study has focused on the performance characteristics demonstrated by conversion 
equipment marketed by Engenious EngineeringTM, previously known as Energy Conversions 
Inc. This manufacturer’s kit has been used to convert EMD prime movers to dual-fuel use, 
including 645-series engines such as that used by the MP36PH-3C evaluated in Section 
3.2.  

A dual-fuel mixture of diesel fuel and CNG offers several advantages over diesel as the sole 
fuel type, including lower emissions of several pollutants and potential fuel costs savings. An 
advantage of dual-fuel over CNG as the sole fuel source is that it is possible to minimize any 
negative effect on the horsepower developed by a converted engine. In order to develop the 
same power at a given notch setting as a diesel-fuel powered engine, the fraction of fuel 
which is comprised by CNG must be varied. At lower notch settings, corresponding to lower 
RPM, the lower energy density of CNG requires that diesel make up a greater fraction of the 
fuel consumed. At higher notch settings and rpm, it is possible to substitute CNG for a 
greater fraction of the diesel fuel required to maintain the engine’s speed. Within this study, 
it is assumed that fuel substitution has no effect on the tractive effort curve of the locomotive 
evaluated. Coupled with evidence provided by the supplier that changes to the weight of the 
locomotive are negligible, the conversion is assumed to have no impact on travel times. 

Engenious EngineeringTM has provided an estimate of the fraction of diesel fuel which can 
be replaced by CNG at each notch setting, shown in Table 10. These values can be 
understood as the fraction of energy provided by each source. For the purposes of this 
study, it is assumed that this substitution schedule does not cause any decrease in available 
power at any rpm, such that the tractive effort curve and vehicle performance are not 
negatively affected by operating on dual-fuel. 

Table 11: CNG Substitution for Diesel by Notch Using Engenious EngineeringTM Conversion Kit 

Throttle Fraction of Fuel Diesel, 
By Diesel Volume 

Fraction of Fuel CNG, 
By Diesel Equivalent 

Volume 
Dynamic Brake 100% 0 

Idle 100% 0 
Notch 1 100% 0 
Notch 2 100% 0 
Notch 3 30% 70% 
Notch 4 30% 70% 
Notch 5 20% 80% 
Notch 6 20% 80% 
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Throttle Fraction of Fuel Diesel, 
By Diesel Volume 

Fraction of Fuel CNG, 
By Diesel Equivalent 

Volume 
Notch 7 10% 90% 
Notch 8 10% 90% 

 

In order to calculate the volume of CNG needed to replace the volume of diesel fuel 
substituted out, the concept of the standard cubic foot (SCF) of gas is useful. Natural gas 
volume is dependent on its state, unlike liquid fuels. Within the natural gas market it is 
therefore conventional to describe a quantity of gas based on its volume at standard 
temperature and pressure, though in reality a given quantity of natural gas occupies a much 
smaller volume when held at the pressures which are sold and used as CNG. Based on a 
volumetric energy density for diesel fuel of 128,488 Btu/gal and a mass energy density for 
CNG of 20,160 Btu/lb at standard conditions, 139.30 SCF of CNG are equivalent to one 
gallon of diesel fuel. 

Applying the substitution schedule outlined in Table 10 to the fuel consumption by notch 
calculated for the simulated trip examined in Section 3.2 results in the fuel substitution 
presented in Table 11. The consumption of a total of 110.65 gallons of diesel fuel is avoided 
by substituting CNG, representing 65.27% of the fuel consumed by the same trip when 
fueled exclusively by diesel. A total of 15413.75 SCF of CNG are used in its place. Since the 
simulated train spends a plurality of the trip in Notch 8, where CNG substitution is 
maximized, a comparatively large fraction of the fuel is replaced by CNG. Averaged over the 
entire period during which the locomotive is in Notch 8, the engines consumes CNG at a 
rate of 385.5 SCF/min.  

Table 12: Dual-Fuel Use by Simulated Trip 2125 

Fuel Use 
Component 

Duratio
n Diesel, gal 

Volume of Diesel 
Replaced by 

CNG, gal 
SCF of CNG 

Replacing Diesel 

Dynamic Brake 0:18:49 4.11 0.00 0.00 
Idle 0:14:48 0.78 0.00 0.00 

Notch 1 0:03:52 0.85 0.00 0.00 
Notch 2 0:00:20 0.14 0.00 0.00 
Notch 3 0:02:47 0.73 1.70 236.48 
Notch 4 0:01:40 0.58 1.34 187.25 
Notch 5 0:04:22 1.37 5.47 761.58 
Notch 6 0:03:54 1.72 6.88 958.74 
Notch 7 0:01:43 0.47 4.21 586.86 
Notch 8 0:32:54 10.12 91.05 12682.80 

Propulsion Prime 
Mover Subtotal 1:25:09 20.86 110.65 15413.75 

Auxiliary Power 
(HEP) 1:25:09 38.03 0.00 0.00 

Total 1:25:09 58.89 110.65 15413.75 
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Note that the HEP generator set remains solely diesel-fueled in this simulation. In this case, 
the HEP generator is responsible for the majority of diesel fuel consumption. Given the 
larger volume required to store an equivalent quantity of fuel energy as CNG, there is some 
concern that powering both the HEP and prime mover fully or partially with CNG would 
require an impractically large storage tank. In previous field tests of freight road locomotives 
powered by dual-fuel using converter kits, a separate “tender” tank car has been used to 
store adequate fuel for longer routes. 

 Emissions 
The same data source which provided the fuel consumption rate by notch which is 
presented in Table 7 also tabulates the emissions rates by notch of four pollutants for the 
engine used by the MP3PH-3C locomotive. These pollutants are regulated by the 
Environmental Protection Agency (EPA). These rates are summarized in Table 12. Note that 
the values for emissions by the HEP generator are derived from the North Carolina 
Department of Transportation study which is cited. 

Table 13: EMD 16-645F3B Locomotive Emissions by Notch for Diesel-Fueled Operation 

Notch Hydrocarbons,  
g/bhp-hr 

Carbon 
Monoxide, 
g/bhp-hr 

Nitrogen 
Oxide, 

g/bhp-hr 

Particulate 
Matter, 

g/bhp-hr 

Dynamic Brake 7.75 11.32 79.79 1.78 
Idle 8.44 11 111 2.89 
1 0.19 0.29 5.39 0.25 
2 0.44 0.48 16.46 0.3 
3 0.31 0.74 13.99 0.3 
4 0.26 0.8 13.87 0.23 
5 0.26 1.03 13 0.21 
6 0.24 0.83 15.39 0.24 
7 0.27 0.44 15.8 0.21 
8 0.28 0.47 14.75 0.24 

HEP at 368kW Load* 0.28 0.18 6.9 0.4 
*(Frey & Hu, 2015) 

The net emissions by the prime mover for the simulated trip, 2125, can be calculated using 
the values for energy expended by the engine in each notch from Table 9. The total 
emissions for fully diesel-fueled operation of trip 2125 are presented in Table 13. 

Table 14: Emissions by Simulated Trip 2125, Diesel Operation 

Notch Setting 
By Output 

Energy 
Expended 
in Notch, 

bhp-hr 

Hydrocarbons,  
g 

Carbon 
Monoxide, 

g 
Nitrogen 
Oxide, g 

Particulate 
Matter, g 

Dynamic Brake 11.92 92.36 134.90 950.88 21.21 
Idle 2.22 18.74 24.42 246.42 6.42 
1 13.21 2.51 3.83 71.21 3.30 
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Notch Setting 
By Output 

Energy 
Expended 
in Notch, 

bhp-hr 

Hydrocarbons,  
g 

Carbon 
Monoxide, 

g 
Nitrogen 
Oxide, g 

Particulate 
Matter, g 

2 2.64 1.16 1.27 43.44 0.79 
3 46.62 14.45 34.50 652.23 13.99 
4 37.58 9.77 30.07 521.28 8.64 
5 136.53 35.50 140.63 1774.90 28.67 
6 179.79 43.15 149.23 2766.97 43.15 
7 98.82 26.68 43.48 1561.40 20.75 
8 2119.86 593.56 996.33 31267.89 508.77 

Propulsion 
Prime Mover 

Subtotal 
2649.19 837.88 1558.65 39856.60 655.69 

HEP at 368kW 
Load 740.45 207.33 133.28 5109.11 296.18 
Total 3389.64 1045.21 1691.94 44965.71 951.87 

 

Complete data on the emissions profile of a converted dual-fuel engine are not available, so 
a full computation of the increase or decrease in emissions of each pollutant resulting from 
the fuel substitution is not possible. 

However, limited test data on emissions by a converted locomotive in Notch 8 are available. 
While these should not be interpreted as an authoritative description of the performance of a 
converted locomotive, they offer a qualitative description of the changes to the emissions 
profile which can be expected from converting a locomotive to use dual-fuels. In particular, 
the dual-fuel engine will produce less particulate matter and nitrogen oxide per unit of 
energy expended. However, hydrocarbon and carbon monoxide emissions will increase, in 
part due to incomplete combustion: natural gas is itself a mixture of hydrocarbon gases, 
primarily methane. 

The measured emissions rates in Notch 8 for a prime mover converted by Engenious 
EngineeringTM to dual-fuel propulsion, which may be taken as an approximation of the 
performance of a converted MP36PH-3C, are presented in Table 14. The resulting total 
emissions for the portion of simulated trip 2125 during which the train operates in Notch 8 
are included as well. As anticipated, for equal energy expenditure, the dual-fuel vehicle 
emits less particulate matter and nitrogen oxide, while emitting more hydrocarbons and 
carbon monoxide. Note that no comparison is made of emissions by the HEP generator, as 
no changes to its fuel source are proposed. 

Table 15: Comparison of Notch 8 Emissions Using Diesel Fuel vs. Representative Dual-Fuel Operation 

Variable Diesel-Fuel Dual-Fuel % Increase 
Time in Notch 8 0:32:54  

Energy Expended in Notch 8, bhp-hr 2119.86  
Hydrocarbons,  g/bhp-hr 0.28 0.31 10.71% 

Carbon Monoxide, g/bhp-hr 0.47 8.50 1708.51% 
Nitrogen Oxide, g/bhp-hr 14.75 3.60 -75.59% 
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Variable Diesel-Fuel Dual-Fuel % Increase 
Particulate Matter, g/bhp-hr 0.24 0.20 -18.75% 

Hydrocarbons,  g 593.56 657.16 10.71% 
Carbon Monoxide, g 996.33 18018.78 1708.51% 

Nitrogen Oxide, g 31267.89 7631.48 -75.59% 
Particulate Matter, g 508.77 413.37 -18.75% 
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5 Conclusions 

The simulation calibration process successfully replicated velocity profiles of Metra trains on 
the Milwaukee District Lines.  The calibration process found that a 1.1 MPHPS station 
stopping brake rate matched real-world performance. This “comfort braking” rate is 
significantly below the trains’ full service brake rate but is consistent with typical train 
handling.  The calibration process also found that a 10.0% schedule margin was appropriate 
to replicate overall point-to-point travel times.  These values will be applied to all locomotive 
models and fuel types going forward in the Metra Alternative Fuels Study. 

While there is considerable variability in travel time and fuel consumption between different 
locomotives, different train consists, and different engineer behavior, the calculation process 
outlined in this report demonstrates a methodology which can be applied to any subset or 
proposed variant of Metra’s rolling stock, if sufficient vehicle performance information is 
available.  

A benchmark trip using the MP36PH-3C locomotive and seven passenger cars, operating 
on schedule 2125, served to establish the fuel demands of a diesel-powered locomotive-
hauled consist between its first revenue departure and last revenue arrival, which was not 
available through any real-world source data. For this particular simulated schedule, 77.51% 
of fuel demand is by the prime mover, while 22.49% of fuel is consumed by the HEP 
generator set.  

A proposed alternative fuel system would supply an existing diesel prime mover with a 
mixture of diesel and CNG, with the aim to minimize diesel fuel usage without restricting the 
traffic effort available at any speed. Based on comparison to the benchmark simulation of 
Trip 2125 and system performance as related by the manufacturer of the conversion 
system, this alternative fuel system reduces diesel fuel consumption by 65.27%. Diesel fuel 
use by the prime mover alone is reduced by 84.14% (the HEP generator is assumed to 
continue to be fueled solely by diesel). While detailed emissions data are not available, 
preliminary data suggest that this conversion could reduce nitrogen oxide emissions by 
75.59% and reduce particulate matter emissions by 18.65% when at peak power output. 
However, the same source suggests hydrocarbon emissions would increase by 1708.51%, 
while carbon monoxide emissions would increase by a more modest 10.71%. 

In order to improve the accuracy of the calculated fuel savings and emissions savings from 
this alternative fuel technology, additional test information is needed. In particular, the 
tractive effort curve, fuel consumption, and emissions must be tested across the full range of 
vehicle speeds and throttle settings. Moreover, the performance should be verified by a 
party external to the manufacturer of the conversion system.  

In order to improve the accuracy of the fuel consumption calculation method used in this 
model, it would be necessary to accurately and precisely measure the fuel tank level 
immediately before and after a revenue trip, such that only the fuel consumed during the trip 
is accounted for. Alternatively, all operations between refueling the train, such as yard 
moves and terminal layovers, could be accurately accounted for, such that they can be 
accounted for in the simulation. 

In compliance with Rail Safety Improvement Act of 2008, Metra is installing Positive Train 
Control (PTC) on the Milwaukee District Lines.  PTC may result in somewhat slower speeds 
approaching civil speed restrictions (such as those related to curves), diverging movements 
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at interlockings, interlocking signals at stop or restricting, and end-of-track locations.  These 
effects, which can only be fully quantified after the PTC system is in service and has 
reached a level of operational maturity, are not included in the calibration simulation.  
Because PTC will have virtually identical effects on the performance of all locomotive 
models and all fuel types, PTC will not be considered in the comparative simulations of this 
study. 
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LTK TrainOps® Simulation Software Description 

TrainOps is the proprietary LTK operations and electrical network simulation software for all types of rail systems. It 
supports a wide range of analyses, ranging from conceptual planning exercises to detailed engineering design work. 
Popular TrainOps applications in the planning and design areas are described below. 

Developed and continually enhanced by a team of in-house software engineers, TrainOps is written in the C++ 
language and targeted for operation on high-performance 64-bit Windows computers. The capabilities of the 
software reflect the industry-leading expertise of the more than 300 LTK rail professionals specializing in vehicles, 
traction power, train control, infrastructure and operations.  

Each TrainOps release is subject to quality testing by an 
independent TrainOps Quality Assurance Team. TrainOps 
testing includes user interface, functional, computational 
accuracy, processing efficiency, output reporting and many 
other tests – more than 8,000 in all. In addition, TrainOps’ 
train performance and electrical network simulation 
algorithms are regularly validated through successful 
calibration to existing “real world” rail systems.  

Typical TrainOps Applications 

Optimizing Rolling Stock Selection and Performance: Many 
rail systems are interested in determining the optimal trade-
off of train weight and power, as well as understanding if 
rolling stock under consideration can satisfy existing or 
planned trip times. For locomotive-hauled passenger trains, future capacity growth in the form of longer trains can 
have adverse performance impacts. TrainOps’ comprehensive rolling stock library and user flexibility in creating and 
editing new rolling stock models support these analyses.  

Optimizing Adhesion and Power/Weight Ratios: Heavy haul freight networks optimize their operating consists by 
tailoring power/weight ratios to specific alignments. Often done using “rules of thumb”, TrainOps offers a more 
sophisticated approach. With detailed modeling of adhesion, rail gradient (vertical profile), curvature (horizontal 
alignment) and distributed train length algorithms, TrainOps can determine if a train has the right power/weight 
ratio to ascend that ruling grade and to make that advertised trip time. 

Maximizing Electrified Rail Network Energy Recovery: 
Regenerative braking – returning electrical energy to the rail 
power distribution system or even back to the supplying 
utility – offers opportunities for electrified rail networks to 
recover some energy used. Depending on the density of 
traffic, the type of vehicle control systems and many other 
factors, recovery can approach or exceed 20 percent. 
TrainOps’ capabilities allow systems to optimize their 
infrastructure, operations and vehicles to maximize the 
electrical energy being returned to the system through 
braking. TrainOps also supports analyses of mixed fleets of 
regenerative braking-equipped and non-equipped trains. 

TrainOps’ sophisticated algorithms support the optimization process to reduce 
the carbon footprint of electrified rail networks and optimize their energy 
saving and energy recovery characteristics.  

Optimizing New Rail Alignments and Layouts: For new systems and system 

TrainOps features detailed rolling stock libraries (as well 
as the ability to add customized models), organized into 

locomotive, multiple unit, freight car and passenger 
coach categories. 

TrainOps’ computation of energy supply and 
consumption by category is updated dynamically during 
simulation. The dark red shows energy supplied by the 

utility and the light red shows energy productively 
recovered through regenerative braking. 



extensions, the planning process can produce many alignment alternatives. TrainOps’ capabilities, including ability 
to toggle on and off specific alignment combinations within the same database supports analysis of the best trip 
times and most energy-efficient operation. TrainOps’ rapid modeling capabilities, including the ability to import 
alignment information from external data sources, allow fast turn-around in simulating all of the alternatives 
Developing Integrated Operating Plans: “Mixed-use corridor” is an increasingly common term as rail lines that once 
handled only freight service grow to accommodate commuter rail and high speed intercity rail services. With support 
for multiple train types, train consists, train classes and class-specific speed restrictions, TrainOps supports the 
development and optimization of integrated operating plans. These plans accommodate the disparate requirements 
of all rail operators on mixed-use corridors. TrainOps’ comprehensive modeling capability captures train interaction 
on both the mainline (where line capacity is a precious commodity) and at terminals (where “throat” interlocking 
and station tracks are precious commodities).  

Analyzing Existing and Proposed Operating Plans: TrainOps supports the assessment of future operating plans in 
terms of on-time performance predictions, energy usage, rolling stock requirements, and the ability of the traction 
power system to support the proposed train level under “normal” and “contingency” operations. 

Supporting the Alternatives Analysis and Environmental 
Impact Statement Process: Alternative Analyses and 
Environmental Impact Statements need detailed train 
operations information. TrainOps supports these wide-
ranging analytical needs, including outputs that can support: 

• Operations and maintenance cost models, 
• Noise and vibration studies, 
• Rail-highway at-grade crossing gate down time 

predictions for vehicular traffic studies,  
• Energy usage analyses, 
• Fossil fuel emissions levels, 
• “Before” and “after” trip time and throughput 

generation for ridership modeling purposes. 

Producing Cost-Effective Traction Power Designs: For new and expanding systems, TrainOps supports the detailed 
analyses needed to generate the most cost-effective designs, while ensuring operability under normal and 
contingency (degraded) conditions. Outputs include substation instantaneous, peak, and average power flows, with 
average statistics available over various user-selected time 
intervals (for comparison with “nameplate ratings” of the 
planned traction power system components). Other 
TrainOps outputs supporting the traction power design 
process include: 

• Substation instantaneous voltage and current, 
• Substation peak average and peak RMS currents for 

user-selected time intervals, 
• Feeder RMS currents, 
• Running rail voltage rise (“touch potential”) with 

respect to ground and stray currents. 

Evaluating Capacity Benefits of New Train Control Designs: 
TrainOps’ unique “signal wake” function quantifies minimum 
supportable headways (signal system capacities) for any 
alignment, using defined train consists, stopping patterns, 
dwell times and signal system parameters. This capability can be used to identify capacity “pinch points” and to 
evaluate the capacity benefits of small-scale changes such as signal relocations, speed changes and signal control 

Very high speed rail simulation showing maximum 
authorized speed (red), simulated velocity (green) and 

trip time (blue). 

 

Peak and RMS currents shown for each substation in the 
system, along with 100% nameplate ratings, allow visual 
confirmation that all substations are properly sized for a 

new or reconfigured network. 



line changes. TrainOps can also be used to evaluate trade-offs in complete signal system redesigns, including such 
architectures as: 

• Wayside signals, 
• Wayside signals with cab signal overlay, 
• Cab signals  
• Target-based cab signals with profiling 
• Wayside signals with Positive Train Control (PTC) 

overlay, 
• Communications-based train control.  

For studies where no train control design is available or 
where the focus is on traction power design, TrainOps 
supports “line of sight” train operation. This ensures realistic 
train separation without the need to enter site-specific 
signal details. TrainOps also includes street running 
intersection modeling capabilities, appropriate for light rail 
and streetcar networks. This includes support for 
probabilistic delays at each intersection, with variation by 
time of day and direction.  

TrainOps supports the analysis of Positive Train Control systems both in terms of stand-alone systems or systems 
overlaid on conventional signaling systems. The software supports different brake rates for the same train consist 
and for multiple consists, depending on the type of train control system and type of enforcement. For example, 
TrainOps can test the benefits of PTC with different enforced brake rates for civil speed restrictions versus stop signal 
enforcement.  

Supporting Negotiation of Electricity Tariffs: For electrical network modeling, TrainOps’ outputs include consumption 
and peak demand for each supply point (substation connection or rail network transmission system supply point) in 
the system. This allows analysis, in support of electric tariff negotiations, of coincident demand charges (the 
collective demand of all substations) versus a non-coincident demand structure. Similarly, it allows analysis of 
demand versus consumption charge trade-offs, as well as predicting how much energy will be regenerated and 
returned to the utility (and where). If multiple utilities are supplying the rail network, these TrainOps capabilities can 
be used to determine how demands are distributed among the supplying utilities.  

Solving Traction Power Performance Issues: Traction power 
systems designed and constructed years ago may warrant 
upgrading and TrainOps can be used to determine the most 
cost-effective capital investment plan. TrainOps modeling 
can determine whether existing substations, OCS/third rail 
and power cables are adequate or whether some 
enhancements are required, particularly as service is 
increased and new vehicles are introduced. A thorough 
analysis supported by TrainOps will reveal the rail system’s 
strengths and weaknesses, allowing for an integrated and 
updated new design. 

TrainOps’ outputs include plots of instantaneous train 
voltages at third rail pickup shoes/pantographs for all trains 
operating on a given route. This graphic yields an overlaid 
voltage profile along the alignment and zeros in on traction 
power weak spots, TrainOps supports rapid investigation of 

potential solutions to traction power performance issues – adding a substation, adding a tie station/circuit breaker 
house, changing substation “no load” voltages, upgrading the running rails, third rail/catenary or negative return 
system, adding a cross-bond or even altering the train schedule (headway or train length). 

TrainOps dynamic (while the simulation runs) display of 
system-wide power demand (black) with 15-minute 

running average power demand for utility tariff 
computations (red). 

TrainOps overlay of multiple trains’ voltage experience 
along a rail line, allowing fast identification of system 

locations in need of traction power reinforcement. 



TrainOps Database Development 

TrainOps is developed using modern software technologies 
and development methods. There is no inherent software 
limit on the size of the rail network, the complexity of the 
traction power system (if modeled), the number of trains that 
can be simulated, or the duration of simulation. In short, it can 
model any rail network of any size. 

TrainOps was specifically developed to enable comprehensive 
modeling and studies of AC and DC-electrified railroad and 
transit train operation, as well as operations of fossil fuel-
powered trains. The program provides user-friendly inputs 
(including the ability to “cut and paste” from spreadsheets) 
for all relevant system and rolling characteristics, including: 

• Route alignment data, including track gradients, 
horizontal alignment and speed restrictions (which can differ by train class), 

• Passenger station locations, 
• Train data, including weight, dimensions, propulsion system characteristics, and braking system 

parameters, 
• System train control data, including wayside signaling, cab signaling and Positive Train Control inputs 

(optional) with user-friendly “point and click” control line data entry (optional), 
• Electrical power supply system data, comprising traction power supply substations and tie stations/circuit 

breaker houses (optional), 
• Electrical distribution system, such as overhead catenary, trolley wire system, or third rail system, and 

substation feeder cables (optional), 
• Operations data, such as train consist sizes, train consist manipulations at terminals/yards, operating plan 

(timetable) inputs, passenger station stopping pattern, train loadings and station dwell times,  
• Dispatching data, such as route request points (or dispatcher route establishment goals ahead of each train 

as a function of train class), routing preferences and route establishment times after a conflicting train has 
released a route, and 

• Variability data, such as dispatch uncertainty (for trains leaving yards or arriving from external locations), 
schedule margin, schedule holds at stations, interlocking route establishment times (dispatcher 
attentiveness), street signal (intersection) hold times and probabilities of a red signal, tractive effort and 
brake application rate (optional).  

TrainOps Electrical Network Simulation Algorithms 
Unlike most competing products, TrainOps’ dynamic 
simulation algorithms capture the interaction – during each 
simulation computational step – of trains and the power 
system as conditions change along the alignment. Voltage 
variation at the train third rail shoe or pantograph affects 
train performance, so when the voltage decreases, the 
acceleration, velocity and location of the train are altered. 
Power demand of the train decreases, enabling the traction 
power system to partially recover from the voltage sag. With 
this powerful feedback algorithm, TrainOps captures the 

TrainOps run-time graphics show the status of each 
interlocking route, including green (route established), 
red (stacked route – route requested but occupied by 

another train, purple (route requested but not yet 
established) and gray (route being released). 

Terminal track occupancy diagram showing simulated 
times (above the line) and scheduled times (below the 

line) with train classes distinguished by color. 



performance loss caused by low voltages. 
Similarly, TrainOps can demonstrate the 
impacts on the traction power system of a line 
blockage (such as the opening of a movable 
bridge) and the ability of the system to support 
multiple “stacked” trains restarting.  

Competing products overstate the third rail or 
catenary voltages and currents, as well as the 
substation power demands, in simulations with 
dense train operations or contingency traction 
power configurations. This means that in 
comparison with TrainOps, voltages predicted 
by competing products are lower, and currents 
and substation power demands are higher, 
sometimes unrealistically so. The powerful 
TrainOps dynamic simulation algorithms avoid 
this issue, ensuring that simulation-based 

capital investment decisions are the right ones. 

TrainOps Operations Simulation Algorithms 
TrainOps provides full dynamic routing capability, ranging from selection of alternative tracks at a transit terminal 
to meet/pass planning on single/multiple track railroad to full network optimization where there may be completely 
different routes to travel from one city to another. This dynamic routing capability is fully user-configurable on a 
site-specific location, with the ability to specify different “decision strengths” at each interlocking where a routing 
choice is available. For large rail networks where individual interlockings are controlled by different railroads’ 
dispatchers, preferences can be specified on how specific train classes (which may represent the trains of one 
railroad versus another) are expedited.  

Competing simulation products sometimes use internal iteration to produce the best dispatch solution. This can 
produce overly-optimistic results versus “real world” operations, as actual dispatchers do not have the opportunity 
to try to multiple strategies and then select the specific dispatching moves that work best. TrainOps’ dispatch 
algorithms work as the simulation runs, providing transparency in how the rail network is being dispatched.  

TrainOps Modeling Flexibility  

Mainline railroad, very high speed rail, monorail, Automated 
Guideway Transit (“people movers”), streetcars, light rail 
and heavy rail traction power systems, as well as electric 
trolley bus systems, can be simulated. TrainOps supports 
completely flexible rail network/traction power system 
modeling with all system components represented 
individually in the model. A typical simulation may include 
the following variations in rail network infrastructure and 
operational attributes: 

• Changes in gradients, curvature and speed 
restrictions (including different speeds for different 
train classes) as function of individual track or 
route, 

• Substations of different input voltages, output 
voltages, and power ratings, 

• Changes in third rail sections, overhead catenary, or 

TrainOps time-distance string chart for rapid transit service ramp-up, 
including color coding by track and representation of midline turnback 

locations. 

TrainOps run-time graph of voltage, current and power as 
a function of simulated time for a user-selected 

substation. 



trolley wire along the alignment, 
• Detailed representation of the positive circuit with 

jumpers between tracks and conductor section 
breaks, 

• Changes in running rail characteristics, 
• Detailed representation of the negative return circuits 

with cross-connections between rails. TrainOps 
includes series resistances due to impedance bonds 
and shunt resistances between the running rails and 
ground, supporting output of running rail-to-ground 
voltages and stray currents returning to system 
substations,  

• AC feeders and return circuits, positive and negative 
DC feeders of different cable types, resistances, and lengths, 

• Different vehicles and train make-ups (as multiple units or locomotive-hauled trains), including 
homogeneous and heterogeneous consists, 

• Different passenger station stopping patterns for each 
train trip, such as express, local and skip-stop train 
service, 

• Different passenger station dwell times for each 
station and train, 

• A different loading pattern for each train as it travels 
along the alignment making possible, for example, simulation of fully loaded trains in downtown areas and 
partially loaded trains in suburbs, 

• Static loads representing stationary trains in storage yards, 
• Outages of substations, feeder breakers, and feeders, 
• User-selectable time step, ranging from coarse computations for rapid-response planning studies to fine 

computations for sophisticated engineering analyses. 
 

TrainOps trip graph for an ATC cab signal system with 
civil speed enforcement. Graphs are dynamically updated 
while the simulation runs (note the right end of the green 
plot shows the current location of the train; the right end 

of the purple plot shows the limit of dispatcher route 
establishment for this train trip). 



CMCG Financial Analysis Detailed Data 



Financial Model Documentation 
 
The financial analysis model was implemented using Microsoft Excel spreadsheets.  A workbook file was 
developed containing spreadsheets used in the financial analysis.  These spreadsheets can be found in 
the following tabs:   

1. Scenario Summary: This tab contains the summary of the financial analysis results across the 
different scenarios. 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
2. Charts: This tab contains comparison charts for the cost per DGE of diesel and CNG across 

different scenarios. This tab also contains the Cumulative Discounted Cash Flow charts that are 
used to determine the break-even year for each scenario. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



3. Scenario Notes: This tab contains definitions of financial terms and is for reference only. 
 
 
 
 

 
4. Assumptions: This tab contains tables of key assumptions regarding operating conditions and 

estimated costs of converting the Milwaukee District rail lines to partial natural gas usage. The 
main financial model will reference the contents of this tab in the financial calculations and any 
changes in the values in the tables will cascade through the financial model. The assumptions 
are organized in separate tables with the following headings: 

a. Locomotive Conversion Unit Costs (Per Engine, $'000): contains the cost components of 
converting an MP36 and F59PH/PHI locomotive engine 

b. CNG Fueling Station Investment ($'000): contains the capital investment required to 
install CNG fueling stations 

c. Other Non-Recurring Expense ($'000): contains all other categories of non-recurring 
expenses 

d. Facility Modification Capital Expense ($'000): contains capital costs (engineering and 
construction) to meet code requirements for modifying/upgrading facilities for dual fuel 
locomotive maintenance. 

e. CNG Cost Components: contains the different cost components for determining the cost 
per diesel gallon equivalent (DGE) for compressed natural gas (CNG) 

f. Base Fuel Price: contains the assumed current cost per diesel gallon equivalent (DGE) of 
diesel and CNG. 

g. Fuel Consumption: summarizes the total diesel fuel consumed by locomotives operating 
in the Milwaukee District, as well as the estimated average diesel fuel consumption per 
locomotive. 

h. Diesel Substitution %: contains the factor that represents the percent of diesel replaced 
by CNG during operations. 

i. First Year Fuel Savings: contains the percentage of the annual locomotive fuel savings 
that can be achieved in the first year of conversion, given the locomotives converted are 
not in full operation during the entire year. 

j. Annual Inflation: contains the annual inflation rate for yearly operating expenses 
k. Filling Station Operating Cost ($'000): contains the components of the annual cost of 

operating the filling station at each location. 
l. Incremental Maintenance Cost Per Engine Per Year: contains the cost of maintaining the 

locomotive engine, in addition to current maintenance costs. 



m. Locomotive Conversion Schedule: contains the number of locomotives converted per 
year in the conversion timeline. 

  
 

 
 

5. Updated Data: This tab reflects updates to cost estimates of non-recurring expenses based on 
comments and feedback from Metra and the RTA. 
 

6. Base Financial Model: This tab serves as a template for creating scenarios and contains the main 
financial analytical model. To create a scenario, a copy of this tab is generated and changes are 
made to the parameters of the model.  There are three sections in the financial model: 

a. Model Assumptions: Entries in columns B through F of this tab make reference to the 
‘Assumptions’ tab. Those sections have the following headings: 

i. RETROFIT COST: contains the cost of converting an MP36 and F59PH/PHI 
locomotive engine. 

ii. Number of Units: contains the number of locomotives per engine type. This 
table is for reference only and not used in the analysis. 



iii. BASE FUEL PRICE: contains the base diesel and CNG cost per DGE. 
iv. FUEL PRICE SENSITIVITY FACTOR: contains the factor to be multiplied to the 

base diesel and CNG cost per DGE when performing sensitivity analysis on base 
price assumptions. 

v. First Year Fuel Savings: references the First Year Fuel Savings factor in the 
‘Assumptions’ tab. 

vi. FUEL CONSUMPTION: contains the parameters that determine the amount of 
diesel fuel that is displayed by CNG, which is calculated as average diesel gallons 
consumed per engine per year multiplied by the diesel substitution percentage.  
Separate parameters are outlined for MP36 and F59PH/PHI locomotive engines. 

vii. Non-Recurring Expenses (NRE): contains the different categories of NRE and 
their respective amounts. 

viii. NRE Spend Schedule: contains assumptions on how much of the NRE is 
allocated to Year 1 and Year 2 of the conversion timeline. The model assumes 
the Facility Modification Capital Expense and the Other Non-Recurring Expense 
cost categories are incurred in Year 1 of the horizon, and that the CNG Fueling 
Station Maintenance & Operating Cost contains the annual maintenance and 
operating cost of the fueling station. 

ix. Locomotive Maintenance Cost: contains the cost of maintaining the locomotive 
engine that is in addition to current maintenance costs. 

x. Annual Inflation: contains the annual inflation rate for yearly operating 
expenses. 

b. Cash Flow Calculation: Columns I through AC, up to Row 64, contains the financial model 
calculations to determine the year-by-year cash flow, from Year 1 through Year 20. The 
various parts of the model are referenced by the following rows: 

i. Rows 8 to 12: contains the locomotive conversion schedule by engine type, in 
number of locomotive units per year. 

ii. Rows 14 to 16: contains the calculation of the retrofit cost per year as 
determined by the conversion schedule and the retrofit unit costs by engine 
type. 

iii. Rows 21 to 22: contains the cumulative number of locomotives converted in 
each year. 

iv. Rows 25 to 28: contains the calculated total amount of DGE that CNG will 
replace for each year, which depends on the number of locomotive units 
converted in the year. The DGE for the year is calculated as the sum of the 
following: 

1.  The number of locomotives converted in year multiplied by the net 
diesel gallons converted to CNG multiplied by the first fuel savings; 

2. The cumulative number of locomotives in the previous year multiplied 
by the net diesel gallons converted to CNG. 

v. Rows 30 to 32: contains the calculations for the cost per DGE of diesel.  Row 31 
contains the year over year rate in which the diesel price is to change from the 



previous year to the current year. Across scenarios, different price forecasts for 
diesel will be reflected by different values in Row 31. 

vi. Row 34 to 36: contains the calculations for the cost per DGE of CNG. Row 35 
contains the year over year rate in which the CNG price is to change from the 
previous year to the current year. Across scenarios, different price forecasts for 
CNG will be reflected by different values in Row 35. 

vii. Row 39 to 42: contains the diesel and CNG costs for each year, as well as the 
annual fuel savings for converting to dual fuel engine locomotives. 

viii. Row 45: contains the total NRE for each year. 
ix. Row 48 to 50: contains the annual maintenance and operating cost for each 

year, increasing based on the assumed rate of inflation. 
x. Row 53 to 55: contains the annual cost of maintaining the locomotive engine 

that is in addition to current maintenance costs. 
xi. Row 57 to 64: contains the cash flow calculation for each year, which is the sum 

of all the costs (represented as negative numbers) and the fuel cost savings 
(represented as positive numbers). 

c. Financial Performance Metrics: Columns I through AC, from Row 66 to 92, contains the 
calculation of the metrics used to assess the financial viability of dual-fuel conversion 
initiative.  The metrics and their definitions are discussed in the Financial Analysis 
Results of the report.  Those metrics are the following: 

i. Internal Rate of Return (IRR): The 15-year IRR is calculated in cell J66 and the 20-
year IRR is calculated in cell J67. 

ii. Discounted Cash Flow (DCF), Cumulative Discounted Cash Flow (CDCF), 15-Year 
Net Present Value (NPV), 20-Year NPV: The DCF, CDCF, 15-Year NPV and 20-Year 
NPV for the assumed Discount Rate of Return are calculated in Row 89 to 92. 
Row 69 to 87 provides calculations for the same metrics under different 
Discount Rate of Return values. 

 
 



 
 

7. Scn01, Scn02, and Scn03: These tabs contain the financial model calculations for Scenario 1 
(Scn01), Scenario 2 (Scn02), and Scenario 3 (Scn03) of the analysis. 

 
8. Scn11, Scn12, and Scn13: These tabs contain sensitivity analysis regarding Scenario 1 (Scn11), 

Scenario 2 (Scn12), and Scenario 3 (Scn13).  The sensitivity analysis explores how the differences 
between diesel and CNG prices impact the financial metrics and tries to assess how much does 
the CNG/diesel price ratio have to increase, before the 15-year NPV approaches zero.  This 
analysis was also used to validate the model. 

 
9. Price Historical: This tab contains the work-up for determining the parameters for Scenario 2, 

using the Historical Volatility diesel and CNG fuel price forecast. 

 
 
 
 
 
 



10. Power Curve: This tab contains the work-up for determining the parameters for Scenario 3, 
using the Power Curve Regression diesel and CNG fuel price forecast. 

 
 

11. Loc Conv Schedule: This tab contains the work-up for determining the number of locomotives 
converted each year for each engine type, based on the overall locomotive conversion schedule. 

 
 
 
 
 
 
 
 
 
 
 



12. Overview Sked: This tab contains the proposed dual fuel CNG conversion schedule for the Metra 
Milwaukee District Line. 

 
 

13. Avg Prices: This tab contains the historical prices for diesel fuel and CNG. 

 



CNG Safety Data Sheet 



SAFETY DATA SHEET 

1. Product and Company Identification 
Product identifier 
Other means of identification 
Recommended use 
Recommended restrictions 
Manufacturer information 

Compressed Natural Gas (CNG) 
Not available 
Fuel 
None known. 
Irving Oil Refining G.P. 
Box 1260 
Saint John, NB E2L 4H6 CA 
Phone: (506) 202-2000 
Refinery: (506) 202-3000 
Emergency Phone: 1-800-424-9300 (CHEMTREC) 
See above. Supplier 

2. Hazards Identification 

Physical hazards Flammable gases 
Gases under pressure 
Not classified. 
Not classified. 
 

Not classified 

Category 1 
Compressed gas 

Health hazards 
Environmental hazards 

WHMIS 2015 defined hazards 

Label elements 

Danger 
Extremely flammable gas. 
Contains gas under pressure; may explode if heated. 

Signal word 
Hazard statement 

Precautionary statement 
Prevention 
Response 

Keep away from heat/sparks/open flames/hot surfaces. - No smoking. 
Leaking gas fire: Do not extinguish, unless leak can be stopped safely. Eliminate all ignition 
sources if safe to do so. 
Store in a well-ventilated place. Protect from sunlight. Store in a well-ventilated place. 
Dispose of waste and residues in accordance with local authority requirements. 
None known 

Storage 
Disposal 

WHMIS 2015: Health Hazard(s) 
not otherwise classified 
(HHNOC) 
WHMIS 2015: Physical 
Hazard(s) not otherwise 
classified (PHNOC) 
Hazard(s) not otherwise 
classified (HNOC) 
Supplemental information 

None known 

None known. 

None. 

3. Composition/Information on Ingredients 

Mixture 
 

Chemical name Common name and synonyms CAS number % 
Natural Gas, Dried 68410-63-9 100 

All concentrations are in percent by weight unless ingredient is a gas. Gas concentrations are in percent by volume. 

4. First Aid Measures 
If symptoms develop move victim to fresh air. If symptoms persist, obtain medical attention. 
Flush with cool water.  Remove contact lenses, if applicable, and continue flushing.  Obtain 
medical attention if irritation persists. 

Inhalation 
Skin contact 
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Flush with cool water. Remove contact lenses, if applicable, and continue flushing. Obtain medical 
attention if irritation persists. 
Not a normal route of exposure as this product is a gas at room temperature and pressure. 
Direct contact with eyes may cause temporary irritation. 

Eye contact 

Ingestion 
Most important 
symptoms/effects, acute and 
delayed 
Indication of immediate 
medical attention and special 
treatment needed 
General information 

Provide general supportive measures and treat symptomatically. Treat patient symptomatically. 

Keep away from sources of ignition.  No smoking. If you feel unwell, seek medical advice (show 
the label where possible). Ensure that medical personnel are aware of the material(s) involved and 
take precautions to protect themselves. Show this safety data sheet to the doctor in attendance. 
Avoid contact with eyes and skin. Wear rubber gloves and safety glasses with side shields. Keep 
out of reach of children. 

5. Fire Fighting Measures 
Suitable extinguishing media Stop the flow of gas. 

Dry chemical. Carbon dioxide. 
Do not use a solid water stream as it may scatter and spread fire. Water may be ineffective. Unsuitable extinguishing 

media 
Specific hazards arising from 
the chemical 

Contents under pressure. It is extremely dangerous to extinguish the fire without stopping the flow 
of gas. Gas and air will mix resulting in an explosion which may be more destructive than the 
original fire. Vapors are lighter than air and may travel along the ground to some distant source of 
ignition and flash back. May accumulate in confined spaces, resulting in an explosion and/or 
asphyxiation hazard. 
Firefighters should wear full protective clothing including self-contained breathing apparatus. Special protective equipment 

and precautions for firefighters 
Fire-fighting 
equipment/instructions 
Specific methods 
General fire hazards 
Hazardous combustion 
products 

In case of fire: Stop leak if safe to do so. Move containers from fire area if you can do so without 
risk. Do not direct water at source of leak or safety devices as icing may occur. 
Use standard firefighting procedures and consider the hazards of other involved materials. 
Extremely flammable gas. 
May include and are not limited to: Oxides of carbon. Oxides of sulfur. Oxides of nitrogen. 

6. Accidental Release Measures 
Keep out of low areas. Keep people away from and upwind of spill/leak. Do not touch damaged 
containers or spilled material unless wearing appropriate protective clothing. Ventilate closed 
spaces before entering them. Local authorities should be advised if significant spillages cannot be 
contained. For personal protection, see section 8 of the SDS. 
Refer to attached safety data sheets and/or instructions for use. Extinguish all flames in the 
vicinity. Stop leak if you can do so without risk. If possible, turn leaking containers so that gas 
escapes rather than liquid. Isolate area until gas has dispersed. Use water spray to reduce vapors 
or divert vapor cloud drift. Prevent entry into waterways, sewer, basements or confined areas. For 
waste disposal, see section 13 of the SDS. 
Do not discharge into lakes, streams, ponds or public waters. 

Personal precautions, 
protective equipment and 
emergency procedures 

Methods and materials for 
containment and cleaning up 

Environmental precautions 

7. Handling and Storage 
Do not handle, store or open near an open flame, sources of heat or sources of ignition. Protect 
material from direct sunlight. 
All equipment used when handling the product must be grounded. 
Avoid contact with eyes, skin and clothing. 
Wear appropriate personal protective equipment. 
Provide adequate ventilation. 
Observe good industrial hygiene practices. 
Wash hands before breaks and immediately after handling the product. 
When handling, do not eat, drink or smoke. 
Prevent electrostatic charge build-up by using common bonding and grounding techniques. 
Store in original tightly closed container. 
Store in a cool, dry place out of direct sunlight. 
Do not store at temperatures above 120°F (49°C). 
Store away from incompatible materials (see Section 10 of the SDS). 
Keep out of reach of children. 

Precautions for safe handling 

Conditions for safe storage, 
including any incompatibilities 
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8. Exposure Controls/Personal Protection 
Occupational exposure limits 

Canada. British Columbia OELs. (Occupational Exposure Limits for Chemical Substances, Occupational Health and 
Safety Regulation 296/97, as amended) 
Components Type Value 

Natural Gas, Dried (CAS 
68410-63-9) 

 

Biological limit values 
Appropriate engineering 
controls 

TWA 1000 ppm 

No biological exposure limits noted for the ingredient(s). 
Use process enclosures, local exhaust ventilation, or other engineering controls to control airborne 
levels below recommended exposure limits. 
Oxygen concentrations in work spaces must not be permitted to fall below 19%. 

Individual protection measures, such as personal protective equipment 
Eye/face protection 
Skin protection 

Hand protection 
Other 

Face shield or chemical goggles. 

Impervious gloves.  Confirm with reputable supplier first. 
Where contact is likely, wear chemical-resistant gloves, a chemical suit, rubber boots, and 
chemical safety goggles plus a face shield. 
For confined spaces, wear a NIOSH-approved (or equivalent) full-facepiece airline respirator in the 
positive pressure mode with emergency escape provisions. 
Respirator should be selected by and used under the direction of a trained health and safety 
professional following requirements found in OSHA's respirator standard (29 CFR 1910.134), 
CAN/CSA-Z94.4 and ANSI's standard for respiratory protection (Z88.2). 
Not applicable. 
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks 
and immediately after handling the product. When using, do not eat, drink or smoke. 

Respiratory protection 

Thermal hazards 
General hygiene 
considerations 

9. Physical and Chemical Properties 
Appearance 
Physical state 
Form 
Color 
Odor 
Odor threshold 
pH 
Melting point/freezing point 
Initial boiling point and boiling 
range 
Pour point 
Specific gravity 
Partition coefficient 
(n-octanol/water) 
Flash point 
Evaporation rate 
Flammability (solid, gas) 

Compressed gas. 
Gas. 
Compressed gas 
Colorless 
Odorless 
Mercaptan - 1 ppb 
Not applicable 
-296.68 °F (-182.6 °C) @ 1atm 
-258.52 °F (-161.4 °C) @ 1atm 

Not available. 
0.717 grams/L @ 0°C/0.871 grams/mL @ 60°F 
Not applicable 

-305.9 °F (-187.7 °C) Tag Closed Cup 
Not applicable 
Flammable gas. 

Upper/lower flammability or explosive limits 
> 5 (estimated) Flammability limit - lower 

(%) 
Flammability limit - upper 
(%) 
Explosive limit - lower (%) 
Explosive limit - upper (%) 

Vapor pressure 
Vapor density 
Relative density 
Solubility(ies) 
Auto-ignition temperature 
Decomposition temperature 

< 15.4 (estimated) 

Not available. 
Not available. 
522 kPa @ 37.8°C/100°F 
0.56  (Air = 1) 
Not available. 
3.5% @ 17°C/62.6°F 
1000.4 °F (538 °C) 
Not available. 
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Viscosity 
Other information 

Flash point class 

Not available. 

Flammable IA 

10. Stability and Reactivity 
Reactivity 
Possibility of hazardous 
reactions 
Chemical stability 
Conditions to avoid 

May react with incompatible materials. 
Hazardous polymerization does not occur. 

Stable under recommended storage conditions. 
Avoid temperatures exceeding the flash point. Contact with incompatible materials. Extreme heat 
and freezing temperatures. 
Heat, open flames, static discharge, sparks and other ignition sources. 
Oxidizers. Acids. Halogenated compounds. 
May include and are not limited to: Oxides of carbon. Oxides of sulphur. Oxides of nitrogen. 

Incompatible materials 
Hazardous decomposition 
products 

11. Toxicological Information 

Routes of exposure Eye, Skin contact, Inhalation, Ingestion. 
Information on likely routes of exposure 

Not available. 

No adverse effects due to inhalation are expected. 

No adverse effects due to skin contact are expected. 
Direct contact with eyes may cause temporary irritation. 

Direct contact with eyes may cause temporary irritation. 

Ingestion 

Inhalation 
Skin contact 
Eye contact 

Symptoms related to the 
physical, chemical and 
toxicological characteristics 

Information on toxicological effects 
Acute toxicity 

Components Species Test Results 
Natural Gas, Dried (CAS 68410-63-9) 

Acute 
Inhalation 

LC50 

Oral 
LD50 

Rat > 20000 ppm 

Not available 

Prolonged skin contact may cause temporary irritation. 
Not available. 
Not available. 
Not available. 
Direct contact with eyes may cause temporary irritation. 

Skin corrosion/irritation 
Exposure minutes 
Erythema value 
Oedema value 

Serious eye damage/eye 
irritation 

Corneal opacity value 
Iris lesion value 
Conjunctival reddening 
value 
Conjunctival oedema value 
Recover days 

Respiratory or skin sensitization 
Respiratory sensitization 
Skin sensitization 

Mutagenicity 
Carcinogenicity 

Not available. 
Not available. 
Not available. 

Not available. 
Not available. 

Not available. 
This product is not expected to cause skin sensitization. 
Not classified. 
This product is not considered to be a carcinogen by IARC, ACGIH, NTP or OSHA. See below. 

US. OSHA Specifically Regulated Substances (29 CFR 1910.1001-1050) 
Not listed. 

Reproductive toxicity 
Teratogenicity 

Not classified. 
Not classified. 
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Specific target organ toxicity - 
single exposure 
 

Specific target organ toxicity - 
repeated exposure 

Aspiration hazard 
Chronic effects 

Not classified. 

Not classified. 

Not likely, due to the form of the product. 
Not available. 

12. Ecological Information 

Ecotoxicity 
Persistence and degradability 
Bioaccumulative potential 
Mobility in soil 
Mobility in general 
Other adverse effects 

Not available. 
No data is available on the degradability of this product. 
Bioconcentration potential is low. 
No data available. 
Not available. 
No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation 
potential, endocrine disruption, global warming potential) are expected from this component. 

13. Disposal Considerations 
Dispose of contents/container in accordance with local/regional/national/international regulations. 
Dispose in accordance with all applicable regulations. 
The waste code should be assigned in discussion between the user, the producer and the waste 
disposal company. 
Empty containers or liners may retain some product residues. This material and its container must 
be disposed of in a safe manner (see: Disposal instructions). 
Empty containers should be taken to an approved waste handling site for recycling or disposal. 
Since emptied containers may retain product residue, follow label warnings even after container is 
emptied. 

Disposal instructions 
Local disposal regulations 
Hazardous waste code 

Waste from residues / unused 
products 
Contaminated packaging 

14. Transport Information 
Classification Method: Classified as per Part 2, Sections 2.1 – 2.8 of the Transportation of 
Dangerous Goods Regulations.  If applicable, the technical name and the classification of the 
product will appear below. 

Transport of Dangerous Goods 
(TDG) Proof of Classification 

U.S. Department of Transportation (DOT) 
Basic shipping requirements: 
UN number 
Proper shipping name 
Hazard class 
Packaging exceptions 

UN1971 
Natural gas, compressed (with high methane content) 
2.1 
306 

Transportation of Dangerous Goods (TDG - Canada) 
Basic shipping requirements: 
UN number 
Proper shipping name 
Hazard class 

DOT 

UN1971 
NATURAL GAS, COMPRESSED with high methane content 
2.1 
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15. Regulatory Information 
This product has been classified in accordance with the hazard criteria of the Hazardous Products 
Regulations (SOR/2015-17) and the SDS contains all the information required by the HPR. 

Canadian federal regulations 

Export Control List (CEPA 1999, Schedule 3) 
Not listed. 

Greenhouse Gases 
Not listed. 

Precursor Control Regulations 
Not regulated. 

WHMIS 2015 Exemptions 
US federal regulations 

Controlled 
This product is a "Hazardous Chemical" as defined by the OSHA Hazard Communication 
Standard, 29 CFR 1910.1200. 

TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D) 
Not regulated. 

CERCLA Hazardous Substance List (40 CFR 302.4) 
Not listed. 

US. OSHA Specifically Regulated Substances (29 CFR 1910.1001-1050) 
Not listed. 

Superfund Amendments and Reauthorization Act of 1986 (SARA) 
Immediate Hazard - No 
Delayed Hazard - No 
Fire Hazard - Yes 
Pressure Hazard - Yes 
Reactivity Hazard - No 
No 

Hazard categories 

SARA 302 Extremely 
hazardous substance 
SARA 311/312 Hazardous 
chemical 
 

SARA 313 (TRI reporting) 
Not regulated. 

No 

Other federal regulations 
Clean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) List 

Not regulated. 
Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130) 

Not regulated. 
US state regulations See below 

US - Minnesota Haz Subs: Listed substance 
Natural Gas, Dried (CAS 68410-63-9) Listed. 

US - Texas Effects Screening Levels: Listed substance 
Natural Gas, Dried (CAS 68410-63-9) 

US. Massachusetts RTK - Substance List 
Natural Gas, Dried (CAS 68410-63-9) 

Listed. 

US. New Jersey Worker and Community Right-to-Know Act 
Not regulated. 

US. Pennsylvania Worker and Community Right-to-Know Law 
Natural Gas, Dried (CAS 68410-63-9) 

US. Rhode Island RTK 
Not regulated. 
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US. California Proposition 65 
California Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65): This material is not known to contain 
any chemicals currently listed as carcinogens or reproductive toxins. 

Inventory status 

Country(s) or region 
Canada 
Canada 
United States & Puerto Rico 

Inventory name 
Domestic Substances List (DSL) 
Non-Domestic Substances List (NDSL) 
Toxic Substances Control Act (TSCA) Inventory 

On inventory (yes/no)* 
Yes 
No 

Yes 
*A "Yes" indicates that all components of this product comply with the inventory requirements administered by the governing country(s) 

16. Other Information 

/ 2 HEALTH 

4 
4 FLAMMABILITY 

2 0 
0 PHYSICAL HAZARD 

PERSONAL 
PROTECTION X 

The information contained in this form is based on data from sources considered to be reliable but 
Irving Oil Refining G.P. does not guarantee the accuracy or completeness thereof.  The 
information is provided as a service to the persons purchasing or using the material to which it 
refers and Irving Oil Refining G.P. expressly disclaims all liability for loss or damage including 
consequential loss or for injury to persons including death.  The information shall not be 
reproduced, published or distributed in any manner without prior consent in writing of Irving Oil 
Refining G.P. 
11-October-2018 
02 
22-February-2017 
Dell Tech Laboratories, Ltd.   Phone: (519) 858-5021 
For an updated SDS, please contact the supplier/manufacturer listed on the first page of the 
document. 

Disclaimer 

Issue date 
Version # 
Effective date 
Prepared by 
Other information 
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LEGEND 
 

Severe 4 
Serious 3 
Moderate 2 
Slight 1 
Minimal 0 
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Telephone: 206-430-7661 LTK Engineering Services Facsimile: 206-288-1798 
1201 Third Avenue, Suite 850 

Seattle, WA 98101 

TO: 

FROM:  

DATE: 

SUBJECT:  

MEMORANDUM 

LTK RTA Alternative Energy Locomotive Study Team  

John Alexander and Michael Condei 

February 6, 2019 

Summary of Visit to PACE CNG Bus Facility 

Pace visit 2/6/19 – Notes 

Attendees: 
Larry Braun - Pace  
John (consultant) – Pace 
Steve – Pace 
Corey – Pace 
Hersh – RTA 
John A. – LTK 
Mike C. - LTK 

Location: Pace Bus Maintenance and Fueling facility in Markham IL 

- They gave us a full tour of refueling stations and bus maintenance facility.

- The fueling operation was commissioned in May 2016.

- Fleet serviced from this facility was purchased new, designed and built for CNG fuel. Each bus
has capacity for 189 DGE.

- A, 8” (120-130 psi) line coming in; Nicor installed at no charge to them; pressure is regulated to
80 psig incoming to compressor stations which provide 4,000 psi output (temperature
compensated).

- They demonstrated refueling a bus for us, using one of their 2 fueling stations.  ~21 DGE added
in about 2 - 3 minutes (approx). The pump stops and checks tank level periodically to prevent
overfilling. Nozzle plugs in to quick disconnect type fitting on bus. There are 2 fill ports, a 4,000
psi and a 2,000 psi on each fuel station which can be used for a slower fill.

- Compressors are 200 hp, each.

- The CNG compressor stations and storage tanks sit on a fenced-off 120’ x 60’ concrete pad.

- Ground grid connections incorporated within the pad.
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- All buses are refueled overnight (same as diesels) so no change to operations. All 102 buses can 
be refueled on 8 hr shift. 

- On average, about 4000 gal (DGE) of CNG is dispensed per day. 

- There is a defueling (gas evacuation) station for use if the CNG tank needs to be emptied for 
repairs, however they don't routinely empty CNG tanks. All buses inside the maintenance facility 
had full tanks. 

- After each bus is fueled, it is pulled into the maintenance facility for washing and other daily 
tasks. 

- The fueling facility consists of 5 compressor units and 9 storage tanks (89 DGE each) for 800 DGE 
of buffering (may need to consider buffer tank size for locomotive refueling). They typically run 
3 compressors, 2 are in reserve. 

- Compressors are run in a lead-lag configuration to ensure that run time is balanced between all 
units. 

- Each compressor station is self-contained and has its own local controls. Each station is also 
equipped with a methane detector to auto shutoff if a significant leak is detected. 

- The compressors are 4 stage with several large HP pumps and motors. 

- There is also a supervisory controller with remote data monitoring so offsite users can log in and 
monitor operations, also remote fault reporting. 

- They had some startup issues last week due to the extreme cold; motors had a hard time 
turning over. Were able to resolve the issues working with their maintainer Trillium CNG. NOTE: 
Crankcase heaters may be required (not discussed at the meeting). 

- Trillium CNG maintains the refueling stations; costs are reflected in their monthly DGE cost 
assessment and are relatively low (~$.08/DGE). Trillium provides periodic maintenance and is 
also on call for 2 hr response time if needed. 

- There is also a diesel generator as a backup power supply in the event of electric power loss. 

- The maintenance facility had to have the ventilation upgraded (5 air changes per hr per NFPA); 
hot water heat installed and lighting fixtures relocated 18" lower to be in code compliance. Also 
methane leak detectors & warning lights installed. 

- Pace has plans to expand this system to other facilities. A new garage may be built in Wheeling, 
IL to replace the Des Plaines, IL garage. The Wheeling facility may be equipped with a similar 
system.  
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Telephone: 206-430-7661 LTK Engineering Services Facsimile: 206-288-1798 
 1201 Third Avenue, Suite 850 

Seattle, WA 98101 
 
 

MEMORANDUM 
 
TO:  LTK RTA Alternative Energy Locomotive Study Team  
   
FROM:   John Alexander, PE 
 
DATE:  June 26, 2019 
 
SUBJECT:   Summary of Visit with Scott Jensen of ECI/Engenious EngineeringTM 

 
 
Thanks to Troy Alvarez, I was able to schedule a visit with Scott Jensen at the Energy Conversions 
Inc/Engenious EngineeringTM facility in Fife, WA. Scott was gracious enough to spend several hours with 
me discussing the development of dual fuel diesel/natural gas engines and showing me his facility. The 
following summarizes my visit: 

• Energy Conversions Inc has now become Engenious EngineeringTM and has been absorbed by 
Peaker Services. ECI started out as a family run business and has been a leader in the large 
displacement engine dual fuel conversion business for over 30 years. Recently ECI was 
rebranded to Engenious EngineeringTM and has become part of Peaker Services, which provides 
services to large displacement diesel engines and propulsion in the power, marine, industrial 
and rail industries. 

• There is currently no active rail related work going on at this time; the last project was with NS 
to convert a switcher to 100% CNG. Most of their current work is on stationary diesel engines.  

• Scott did show me their lab which has two EMD engines, an 8 cylinder 645 and a 16 cylinder 710 
which are used for ongoing development (see photo). 

• ECI/EE has developed conversion kits primarily for the EMD 645 and 710 engines, although there 
is a kit available for GE engines. The Economizer is allows 40-70% gas substitution. When I 
showed Scott the diesel CNG notch schedule that we have been using in the simulation, he said 
it was likely data from an Economizer conversion, which is an abbreviated kit: a gas control valve 
assembly, some sensors and electronic controls. 

• The engine conversion kits for the 645 and 710 engines include: ECI pistons and specially 
designed cylinder heads to manage compression and combustion; ECI Gas injectors; Pilot fuel 
(diesel) control system; custom designed and built Electronic Control Unit (ECU) and 
corresponding electronic components and software; gas supply piping and necessary flow 
controls; Pneumatic controls, fittings and hoses; wiring cabinets, harnesses, switches and 
diagrams; water system after cooling tanks, radiators,  pumps and valves. Scott indicated that 
the aftercooler was key to the performance of the dual fuel system to maintain power. The 
conversion kit also uses a number of EMD components and the piston and injectors can be used 
with existing EMD power assemblies. 
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• A lot of ECI/EE’s development has been on the specially designed pistons and gas injectors 
which help to optimize combustion and reduce the chance of knocking from the NG due to 
lower compression ratios. 

• With the above conversion kit, Scott provided me with the following notch schedule for 
diesel/NG consumption, which is much different than what we are currently using in the 
simulation: 
 

CNG Substitution By Notch provided by EE 

Throttle Diesel  CNG 

Dynamic Brake 100% 0 

Idle 100% 0 
Notch 1 100% 0 
Notch 2 100% 0 
Notch 3 30% 70% 
Notch 4 30% 70% 
Notch 5 20% 80% 
Notch 6 20% 80% 
Notch 7 10% 90% 
Notch 8 10% 90% 

• As this is a low pressure direct injection system, inlet gas pressure at the injection point on the 
head is 30 – 80 psig, max flowrate at 100% is in the 350 cfm range. 

• Scott indicated that in volume the kits could be supplied in the $350-400K price range. There 
would likely need to be some NRE to configure the system for the Metra fleet as Scott has not 
developed the system around their locomotives. 

• The engine control unit will likely be supplied by Woodward in the near future, as they are a 
business partner with Peaker Services. This will replace the ECI/EE developed controller. 

• The kit can be installed in place on the engine; tooling and fixtures are provided. Scott estimates 
about 1,200 hours to do the first unit, based on his experience guiding the conversions at 
customer sites. Full documentation is available. 

• There is also a low emission bank idling system, which can lower diesel emissions at idle: 
http://www.energyconversions.com/lei1.htm 

• Unfortunately, other than what was installed on the test engines, there were not many 
components to see. Descriptions of the conversion kit components can be found on the website: 
http://www.energyconversions.com/loco2.htm 

• Regarding emissions, the dual fuel engine will produce reduced PM and NOx but total 
hydrocarbons and CO will be higher due to the contribution of the methane in NG. All of the 
emissions data available was taken from the BN locomotive that was emissions tested at SWRI 
in 1991. 

• In order to achieve Tier 3 with a dual fuel engine utilizing dynamic gas blending, Scott believes 
that an exhaust after treatment device such as DOC or DPF would need to be utilized. 

http://www.energyconversions.com/lei1.htm
http://www.energyconversions.com/loco2.htm
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• Scott is not certain what the EPA would require for a dual fuel locomotive Tier certification as 
there are separate emissions requirement for diesel and NG. He expects that the dual fuel 
engine would need to meet both standards, and there may be issues if the engine runs 100% 
diesel if no NG is available (note: there are allowances for a Tier 4 engine using urea after 
treatment to continue operation but in a reduced performance mode until the urea tank is 
refilled, I believe). 

• The BN emissions test data is below:

 
• Scott referred me to their website which contains quite a bit of data, although Peaker wants a 

lot of it removed as they consider it proprietary. 

• Scott believes that the dual fuel CNG approach is a good one for a commuter railroad and the 
barriers to entry may be lower than the Class 1 freight railroads, who have never fully 
committed. There is an AAR LNG tender working group but it has not progressed very far. 
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EMD 645 8 Cylinder test engine; gas injection line is pipe running the head. 
 
 
 

 
Gas injector installed in the top of EMD power assembly 
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	 A different loading pattern for each train as it travels along the alignment making possible, for example, simulation of fully loaded trains in downtown areas and partially loaded trains in suburbs,
	 Static loads representing stationary trains in storage yards,
	 Outages of substations, feeder breakers, and feeders,
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Scenario Summary

						Financial Analysis										Sensitivity Analysis

						Base Diesel $/DGE		$2.430		$1.600						Sensitivity Base Diesel $/DGE		$2.430		$1.569

						Base CNG $/DGE		$0.830								Sensitivity Base CNG $/DGE		$0.861		103.7%





						Financial Analysis: Results (in % and $MM)										Sensitivity Results (in % and $MM)



						Metric		Scenario 01		Scenario 02		Scenario 03				Metric		Scenario 11		Scenario 12		Scenario 13

						15-Year IRR		8.5%		5.4%		8.5%				15-Year IRR		8.2%		5.0%		8.1%

						20-Year IRR		11.9%		9.9%		11.8%				20-Year IRR		11.6%		9.6%		11.5%



						15-Year NPV @  5% DR		$9.2		$1.1		$9.0				15-Year NPV @  5% DR		$8.2		$0.0		$8.0

						20-Year NPV @  5% DR		$26.3		$19.7		$25.4				20-Year NPV @  5% DR		$24.9		$18.3		$24.1





		Scn01		CNG & diesel price increase constant (April 2019 energy 12 month change = 1.7%)												Scn11		Same as Scn01, but CNG $/DGE at 103.7% of base assumption

				Source: https://www.bls.gov/cpi/



		Scn02		SCN & diesel price mirror historical volatility and trend												Scn12		Same as Scn02, but CNG $/DGE at 103.7% of base assumption



		Scn03		SCN & diesel price based on power curve regression												Scn13		Same as Scn03, but CNG $/DGE at 103.7% of base assumption

		CNG & Diesel Price Source: US Energy Information Administration

		CNG: https://www.eia.gov/dnav/ng/hist/n3020il3A.htm

		Diesel: https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=emd_epd2d_pte_r20_dpg&f=a





CHARTS

				CHARTS: $/DGE, Diesel vs CNG

				Scn01																Scn02																Scn03



				CHARTS: Break-Even Curves

				Scn01																				Scn02																				Scn03



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4713100000000003	2.5133222700000006	2.5560487485900008	2.599501577316031	2.6436931041304037	2.6886358869006211	2.7343426969779321	2.7808265228265574	2.8281005737146092	2.8761782834677581	2.9250733142867102	2.9747995606295845	3.0253711531602878	3.0768024627640131	3.1291081046310016	3.1823029424097289	3.2364020924306947	3.291420928002017	3.3473750837780516	3.4042804602022789	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.84433373999999994	0.85868741358	0.87328509961086009	0.88813094630424483	0.90322917239141709	0.91858406832207129	0.93419999748354665	0.95008139744076703	0.96623278119726019	0.98265873847761376	0.99936393703173332	1.0163531239612729	1.0336311270686147	1.0512028562287812	1.0690733047846706	1.08724755096601	1.1057307593324324	1.1245281822410838	1.1436451613391823	1.1630871290819484	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.1170242914979762	3.1965485829959519	3.1998279352226726	3.1203036437246969	2.1643724696356279	1.852014170040486	2.128299595141701	2.5496963562753043	3.2705619252897122	3.3540034052352938	3.3574442910062459	3.2740028110606643	2.2709846088282064	1.9432402391450445	2.2331348653477363	2.6752886869150463	3.4316624789645771	3.519214099285346	3.5228244753810478	3.4352728550602789	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.91913244979919662	1.0113791164658632	1.2447742971887548	1.212543534136546	1.1558618473895581	1.3003445783132528	0.96247726907630515	0.97359132530120474	0.91913244979919662	0.86467357429718861	0.84133405622489943	0.9847053815261041	0.81021469879518049	0.79354361445783106	0.86467357429718861	0.80576907630522066	0.8920629532856994	0.9815928506529461	1.2081142777267029	1.1768327473212794	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4771023744345926	2.5232168961826891	2.5684011260932804	2.6127072810945577	2.6561829020376311	2.6988714180802233	2.7408126265318606	2.7820431031260653	2.8225965546534009	2.8625041235444773	2.9017946521630429	2.9404949131312881	2.9786298108702032	3.0162225586290585	3.0532948345481934	3.0898669197095248	3.1259578206497811	3.1615853784195989	3.196766365949574	3.231516575218472	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.84433373999999994	0.85868741358	0.87328509961086009	0.88813094630424483	0.90322917239141709	0.91858406832207129	0.93419999748354665	0.95008139744076703	0.96623278119726019	0.98265873847761376	0.99936393703173332	1.0163531239612729	1.0336311270686147	1.0512028562287812	1.0690733047846706	1.08724755096601	1.1057307593324324	1.1245281822410838	1.1436451613391823	1.1630871290819484	



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.505990145772913	-28.57318351883573	-33.154062057863065	-29.512986869887982	-24.642583798026347	-19.926279548916728	-15.359201616360579	-10.936631470078177	-6.6539996924651907	-2.5068812688797464	1.5090089733848078	5.3978207821334871	9.1635727578535757	12.810156496249546	16.341340599990811	19.760774563799728	23.071992536877037	26.278416966535868	



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.38155157860724	-28.265302680368237	-34.609480670729845	-34.132997508772021	-32.108106641306037	-28.103479454424495	-22.441752444583148	-16.712952528256967	-11.126023846996837	-5.9469022340665401	-3.4845984242627019	-1.4590562932333391	1.0621529347509413	4.1468148216906036	8.5210956593199025	12.684061981190686	16.505985383915984	19.661268500486134	



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.502769733838178	-28.552577568749502	-33.10207983609174	-29.42266719153109	-24.520968859126544	-19.784544863638839	-15.210597034533043	-10.796058184646666	-6.5376406967118328	-2.4318790974136353	1.5248326428740751	5.3362084466021118	9.0060415482593879	12.538179514483263	15.936502444442297	19.204903982257999	22.347274818276492	25.367488394873881	





Scenario Notes

		Notes:

		Hurdle Rate: The Hurdle Rate is the minimum rate of return required to justify a project.  This can be set to the discount rate for obtaining capital.

		Internal Rate of Return: The Internal Rate of Return (IRR) is a discount rate that makes the net present value (NPV) of all cash flows equal to zero.  The IRR should be greater than the Hurdle Rate in order for a project to be financially justified.





Assumptions

		NON-RECURRING EXPENSES																																		OPERATIONAL ASSUMPTIONS

		Locomotive Conversion Unit Costs (Per Engine, $'000)								CNG Fueling Station Investment ($'000)								Other Non-Recurring Expense ($'000)						Facility Modification Capital Expense ($'000)												CNG Cost Components								Base Fuel Price						Fuel Consumption								Filling Station Operating Cost ($'000)										Incremental Maintenance Cost Per Engine Per Year

		Milwaukee District								Milwaukee District								Milwaukee District						Milwaukee District																										Milwaukee District																																Locomotive Conversion Schedule

		Item		MP36 
(EMD 645)		F59PH/PHI 
(EMD 710)				Location		Fill Rate		Capital Expense				Item		One-Time Expense				Item		One-Time Expense										Component		PACE $/DGE		OPTIFUEL$/DGE				Fuel Type		$/DGE				Annual Gallons		# Locomotives		Annual Gal Per Unit				Location		Monthly M&O Cost*		Annual M&O Cost		Overnight Staffing**				Maintenance Per Engine ($'000)*

		Conversion Kit		$475		$500				Western Avenue (Mid Day)		Fast		$6,000				Tier Emissions Certification		$300																Natural Gas		$0.5206		$0.4500				Diesel*		$2.430				6,235,935		38		164,104				Western Avenue (Mid Day)		$0.0		$0						$0														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Assembly Labor		$110		$110				Fox Lake (Overnight)		Slow		$2,500				Locomotive Modif Engineering		$250				Facility Modification Capital Expense		$3,200										Invoice		$0.1639						CNG**		$0.830				Source: Metra								Fox Lake (Overnight)		$0.0		$0		$150				* Assume new maintenance is incorporated to existing routines														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Fuel Tank Fabrication		$125		$125				Elgin (Overnight)		Slow		$2,500				FRA CNG Approval Support		$95																Electricity Cost		$0.0625		$0.2000				*   Source: Metra														Elgin (Overnight)		$0.0		$0		$150																		MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Fuel Tank  Installation		$65		$65				Antioch (Overnight)		Slow		$1,500				Metra Staff Training*		$40																Operations & Maintenance		$0.0832		$0.3000				** Source: PACE														Antioch (Overnight)		$0.0		$0		$150																		Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																		Diesel Substitution %				65%

		Total		$775		$800				Total				$12,500				Total		$685																Total		$0.8302		$0.9500										Source: LTK Simulation								Total				$0		$450

										Source: LTK								* 2 Trainers for 1 month ($125 x 20 x 8)																																								*   M&O included in CNG $/DGE

		Nbr of Units MDN		16		22												Source: LTK																																First Year Fuel Savings				25%				** Assume 2 persons, $75K fully loaded per person per year

		Source: LTK



																																																		Annual Inflation				2%

																																																		* Based on CPI, April 2019

																																																										Filling Station Operating Cost ($'000)



																																																										Location		Overnight Staffing*

																																																										Western Avenue (Mid Day)

																																																										Fox Lake (Overnight)		$150.0

																																																										Elgin (Overnight)		$150.0

																																																										Antioch (Overnight)		$150.0



																																																										Total		$450.0

																																																										* Assume 2 persons, $75K fully loaded per person per year

																								Non-Recurring Expense: Spend Schedule ($'000)

																								Milwaukee District

																								Item		Year 1		Year 2

																								Tier Emissions Certification		$300

																								Locomotive Modif Engineering		$250

																								FRA CNG Approval Support		$95

																								Metra Staff Training		$40

																								Facility Modification Capital Expense		$3,200

																								CNG Fueling Station Investment				$12,500



																								Total		$3,885		$12,500





Updated Data

				Note: Please fill in the items in green

				One-Time Facility Modification Capital Expense ($'000)

				Milwaukee District

				Item		Current Assumption		Revised Assumption

				Facility Modification Capital Expense - Construction		$600		$1,000,000

				Facility Modification Capital Expense - Engineering		$0		$2,200,000



				Total Facility Modification Expense		$600		$3,200,000

				Other Non-Recurring Expense ($'000)

				Milwaukee District

				Item		Current Assumption		Revised Assumption

				Tier Emissions Certification		$100		$300

				Locomotive Modif Engineering		$250		$250

				FRA CNG Approval Support		$95		$95

				Metra Staff Training*		$40		$40



				Total		$485		$685

				* 2 Trainers for 1 month ($125 x 20 x 8)





Base Financial Model

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		100%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43		$2.43



																		CNG $/DGE		$0.83		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830

																		CNG Forecast Factor		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000

																		CNG $/DGE		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830		$0.830





																		Diesel Fuel Cost		$0		$0		$712,804		$3,628,822		$6,804,041		$9,460,857		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659		$9,849,659

																		CNG Fuel Cost		$0		$0		$243,533		$1,239,803		$2,324,630		$3,232,343		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179		$3,365,179



																		Fuel Cost Savings Per Year		$0		$0		$469,272		$2,389,019		$4,479,411		$6,228,514		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$469,272		$2,389,019		$4,479,411		$6,228,514		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481		$6,484,481

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,673,908)		($7,563,524)		($6,282,683)		$4,156,678		$5,977,708		$5,967,572		$5,957,234		$5,946,689		$5,935,933		$5,924,962		$5,913,772		$5,902,358		$5,890,715		$5,878,840		$5,866,727		$5,854,372		$5,841,770		$5,828,916

																		15-Year IRR		5%

																		20-Year IRR		9%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,173,917)		($4,806,756)		($3,564,963)		$2,105,902		$2,704,011		$2,410,202		$2,148,238		$1,914,675		$1,706,439		$1,520,790		$1,355,284		$1,207,739		$1,076,212		$958,966		$854,456		$761,300		$678,269		$604,265

																		CDCF		($3,468,750)		($13,433,673)		($19,607,590)		($24,414,347)		($27,979,310)		($25,873,408)		($23,169,396)		($20,759,194)		($18,610,956)		($16,696,281)		($14,989,842)		($13,469,052)		($12,113,768)		($10,906,029)		($9,829,817)		($8,870,851)		($8,016,395)		($7,255,095)		($6,576,826)		($5,972,561)

																		15-Year NPV @ 12% DR		($9,829,817)

																		20-Year NPV @ 12% DR		($5,972,561)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,516,836)		($5,165,989)		($3,901,052)		$2,346,336		$3,067,509		$2,783,916		$2,526,449		$2,292,706		$2,080,508		$1,887,876		$1,713,009		$1,554,275		$1,410,190		$1,279,407		$1,160,701		$1,052,960		$955,176		$866,431

																		CDCF		($3,531,818)		($13,862,397)		($20,379,232)		($25,545,221)		($29,446,274)		($27,099,937)		($24,032,428)		($21,248,512)		($18,722,063)		($16,429,357)		($14,348,848)		($12,460,973)		($10,747,964)		($9,193,689)		($7,783,498)		($6,504,091)		($5,343,391)		($4,290,430)		($3,335,254)		($2,468,823)

																		15-Year NPV @ 10% DR		($7,783,498)

																		20-Year NPV @ 10% DR		($2,468,823)

																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,885,628)		($5,559,416)		($4,275,889)		$2,619,412		$3,487,935		$3,224,094		$2,980,100		$2,754,468		$2,545,820		$2,352,884		$2,174,482		$2,009,523		$1,856,999		$1,715,977		$1,585,594		$1,465,051		$1,353,609		$1,250,583

																		CDCF		($3,597,222)		($14,313,957)		($21,199,586)		($26,759,002)		($31,034,891)		($28,415,478)		($24,927,543)		($21,703,450)		($18,723,350)		($15,968,882)		($13,423,062)		($11,070,178)		($8,895,697)		($6,886,174)		($5,029,175)		($3,313,197)		($1,727,603)		($262,552)		$1,091,056		$2,341,640

																		15-Year NPV @  8% DR		($5,029,175)

																		20-Year NPV @  8% DR		$2,341,640

																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,282,781)		($5,991,020)		($4,694,787)		$2,930,294		$3,975,517		$3,744,129		$3,526,078		$3,320,600		$3,126,976		$2,944,525		$2,772,607		$2,610,618		$2,457,990		$2,314,183		$2,178,694		$2,051,043		$1,930,781		$1,817,483

																		CDCF		($3,665,094)		($14,790,050)		($22,072,831)		($28,063,850)		($32,758,637)		($29,828,343)		($25,852,826)		($22,108,697)		($18,582,620)		($15,262,020)		($12,135,044)		($9,190,520)		($6,417,912)		($3,807,294)		($1,349,304)		$964,879		$3,143,573		$5,194,616		$7,125,397		$8,942,880

																		15-Year NPV @  6% DR		($1,349,304)

																		20-Year NPV @  6% DR		$8,942,880

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,492,848)		($6,222,530)		($4,922,647)		$3,101,777		$4,248,245		$4,039,088		$3,840,086		$3,650,751		$3,470,617		$3,299,241		$3,136,199		$2,981,092		$2,833,535		$2,693,164		$2,559,634		$2,432,612		$2,311,787		$2,196,857

																		CDCF		($3,700,000)		($15,037,868)		($22,530,717)		($28,753,247)		($33,675,894)		($30,574,117)		($26,325,872)		($22,286,784)		($18,446,698)		($14,795,947)		($11,325,329)		($8,026,089)		($4,889,889)		($1,908,798)		$924,737		$3,617,902		$6,177,535		$8,610,148		$10,921,934		$13,118,791

																		15-Year NPV @  5% DR		$924,737

																		20-Year NPV @  5% DR		$13,118,791





Scn01

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		100%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$2.47		$2.51		$2.56		$2.60		$2.64		$2.69		$2.73		$2.78		$2.83		$2.88		$2.93		$2.97		$3.03		$3.08		$3.13		$3.18		$3.24		$3.29		$3.35

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$2.47		$2.51		$2.56		$2.60		$2.64		$2.69		$2.73		$2.78		$2.83		$2.88		$2.93		$2.97		$3.03		$3.08		$3.13		$3.18		$3.24		$3.29		$3.35		$3.40



																		CNG $/DGE		$0.83		$0.844		$0.859		$0.873		$0.888		$0.903		$0.919		$0.934		$0.950		$0.966		$0.983		$0.999		$1.016		$1.034		$1.051		$1.069		$1.087		$1.106		$1.125		$1.144

																		CNG Forecast Factor		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017

																		CNG $/DGE		$0.844		$0.859		$0.873		$0.888		$0.903		$0.919		$0.934		$0.950		$0.966		$0.983		$0.999		$1.016		$1.034		$1.051		$1.069		$1.087		$1.106		$1.125		$1.144		$1.163





																		Diesel Fuel Cost		$0		$0		$749,779		$3,881,946		$7,402,385		$10,467,819		$11,083,269		$11,271,685		$11,463,303		$11,658,180		$11,856,369		$12,057,927		$12,262,912		$12,471,381		$12,683,395		$12,899,012		$13,118,296		$13,341,307		$13,568,109		$13,798,767

																		CNG Fuel Cost		$0		$0		$251,883		$1,304,114		$2,486,782		$3,516,593		$3,723,350		$3,786,647		$3,851,020		$3,916,487		$3,983,067		$4,050,780		$4,119,643		$4,189,677		$4,260,901		$4,333,337		$4,407,003		$4,481,922		$4,558,115		$4,635,603



																		Fuel Cost Savings Per Year		$0		$0		$497,896		$2,577,832		$4,915,604		$6,951,225		$7,359,919		$7,485,038		$7,612,284		$7,741,692		$7,873,301		$8,007,147		$8,143,269		$8,281,704		$8,422,493		$8,565,676		$8,711,292		$8,859,384		$9,009,994		$9,163,164



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$497,896		$2,577,832		$4,915,604		$6,951,225		$7,359,919		$7,485,038		$7,612,284		$7,741,692		$7,873,301		$8,007,147		$8,143,269		$8,281,704		$8,422,493		$8,565,676		$8,711,292		$8,859,384		$9,009,994		$9,163,164

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,645,284)		($7,374,711)		($5,846,491)		$4,879,389		$6,853,146		$6,968,129		$7,085,037		$7,203,901		$7,324,754		$7,447,629		$7,572,560		$7,699,581		$7,828,728		$7,960,035		$8,093,539		$8,229,276		$8,367,283		$8,507,599

																		15-Year IRR		9%

																		20-Year IRR		12%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,153,543)		($4,686,762)		($3,317,456)		$2,472,050		$3,100,015		$2,814,311		$2,554,935		$2,319,463		$2,105,692		$1,911,621		$1,735,435		$1,575,487		$1,430,279		$1,298,454		$1,178,778		$1,070,132		$971,498		$881,955

																		CDCF		($3,468,750)		($13,433,673)		($19,587,216)		($24,273,979)		($27,591,434)		($25,119,384)		($22,019,369)		($19,205,058)		($16,650,123)		($14,330,660)		($12,224,968)		($10,313,347)		($8,577,912)		($7,002,425)		($5,572,146)		($4,273,692)		($3,094,913)		($2,024,782)		($1,053,284)		($171,328)

																		15-Year NPV @ 12% DR		($5,572,146)

																		20-Year NPV @ 12% DR		($171,328)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,495,330)		($5,037,027)		($3,630,211)		$2,754,288		$3,516,748		$3,250,684		$3,004,747		$2,777,416		$2,567,281		$2,373,044		$2,193,501		$2,027,540		$1,874,135		$1,732,336		$1,601,263		$1,480,108		$1,368,118		$1,264,600

																		CDCF		($3,531,818)		($13,862,397)		($20,357,727)		($25,394,754)		($29,024,965)		($26,270,677)		($22,753,929)		($19,503,245)		($16,498,498)		($13,721,083)		($11,153,801)		($8,780,757)		($6,587,256)		($4,559,716)		($2,685,581)		($953,245)		$648,018		$2,128,126		$3,496,244		$4,760,844

																		15-Year NPV @ 10% DR		($2,685,581)

																		20-Year NPV @ 10% DR		$4,760,844



																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,862,905)		($5,420,633)		($3,979,023)		$3,074,843		$3,998,745		$3,764,663		$3,544,282		$3,336,800		$3,141,461		$2,957,556		$2,784,415		$2,621,407		$2,467,942		$2,323,458		$2,187,432		$2,059,368		$1,938,800		$1,825,290

																		CDCF		($3,597,222)		($14,313,957)		($21,176,863)		($26,597,496)		($30,576,519)		($27,501,677)		($23,502,932)		($19,738,268)		($16,193,986)		($12,857,186)		($9,715,725)		($6,758,169)		($3,973,754)		($1,352,347)		$1,115,595		$3,439,053		$5,626,485		$7,685,854		$9,624,654		$11,449,944

																		15-Year NPV @  8% DR		$1,115,595

																		20-Year NPV @  8% DR		$11,449,944



																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,258,747)		($5,841,462)		($4,368,838)		$3,439,777		$4,557,734		$4,371,891		$4,193,622		$4,022,621		$3,858,589		$3,701,243		$3,550,312		$3,405,532		$3,266,655		$3,133,438		$3,005,652		$2,883,076		$2,765,496		$2,652,709

																		CDCF		($3,665,094)		($14,790,050)		($22,048,797)		($27,890,260)		($32,259,098)		($28,819,321)		($24,261,587)		($19,889,697)		($15,696,074)		($11,673,454)		($7,814,865)		($4,113,621)		($563,310)		$2,842,222		$6,108,877		$9,242,315		$12,247,968		$15,131,043		$17,896,539		$20,549,248

																		15-Year NPV @  6% DR		$6,108,877

																		20-Year NPV @  6% DR		$20,549,248

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,468,122)		($6,067,193)		($4,580,879)		$3,641,075		$4,870,403		$4,716,304		$4,567,078		$4,422,570		$4,282,632		$4,147,118		$4,015,890		$3,888,812		$3,765,752		$3,646,584		$3,531,184		$3,419,434		$3,311,218		$3,206,424

																		CDCF		($3,700,000)		($15,037,868)		($22,505,990)		($28,573,184)		($33,154,062)		($29,512,987)		($24,642,584)		($19,926,280)		($15,359,202)		($10,936,631)		($6,654,000)		($2,506,881)		$1,509,009		$5,397,821		$9,163,573		$12,810,156		$16,341,341		$19,760,775		$23,071,993		$26,278,417

																		15-Year NPV @  5% DR		$9,163,573

																		20-Year NPV @  5% DR		$26,278,417

																		CDCF $MM		($3.7)		($15.0)		($22.5)		($28.6)		($33.2)		($29.5)		($24.6)		($19.9)		($15.4)		($10.9)		($6.7)		($2.5)		$1.5		$5.4		$9.2		$12.8		$16.3		$19.8		$23.1		$26.3



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.505990145772913	-28.57318351883573	-33.154062057863065	-29.512986869887982	-24.642583798026347	-19.926279548916728	-15.359201616360579	-10.936631470078177	-6.6539996924651907	-2.5068812688797464	1.5090089733848078	5.3978207821334871	9.1635727578535757	12.810156496249546	16.341340599990811	19.760774563799728	23.071992536877037	26.278416966535868	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4713100000000003	2.5133222700000006	2.5560487485900008	2.599501577316031	2.6436931041304037	2.6886358869006211	2.7343426969779321	2.7808265228265574	2.8281005737146092	2.8761782834677581	2.9250733142867102	2.9747995606295845	3.0253711531602878	3.0768024627640131	3.1291081046310016	3.1823029424097289	3.2364020924306947	3.291420928002017	3.3473750837780516	3.4042804602022789	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.84433373999999994	0.85868741358	0.87328509961086009	0.88813094630424483	0.90322917239141709	0.91858406832207129	0.93419999748354665	0.95008139744076703	0.96623278119726019	0.98265873847761376	0.99936393703173332	1.0163531239612729	1.0336311270686147	1.0512028562287812	1.0690733047846706	1.08724755096601	1.1057307593324324	1.1245281822410838	1.1436451613391823	1.1630871290819484	





Scn02

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		100%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$3.12		$3.20		$3.20		$3.12		$2.16		$1.85		$2.13		$2.55		$3.27		$3.35		$3.36		$3.27		$2.27		$1.94		$2.23		$2.68		$3.43		$3.52		$3.52

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.283		1.026		1.001		0.975		0.694		0.856		1.149		1.198		1.283		1.026		1.001		0.975		0.694		0.856		1.149		1.198		1.283		1.026		1.001		0.975

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$3.12		$3.20		$3.20		$3.12		$2.16		$1.85		$2.13		$2.55		$3.27		$3.35		$3.36		$3.27		$2.27		$1.94		$2.23		$2.68		$3.43		$3.52		$3.52		$3.44



																		CNG $/DGE		$0.83		$0.919		$1.011		$1.245		$1.213		$1.156		$1.300		$0.962		$0.974		$0.919		$0.865		$0.841		$0.985		$0.810		$0.794		$0.865		$0.806		$0.892		$0.982		$1.208

																		CNG Forecast Factor		1.107		1.100		1.231		0.974		0.953		1.125		0.740		1.012		0.944		0.941		0.973		1.170		0.823		0.979		1.090		0.932		1.107		1.100		1.231		0.974

																		CNG $/DGE		$0.919		$1.011		$1.245		$1.213		$1.156		$1.300		$0.962		$0.974		$0.919		$0.865		$0.841		$0.985		$0.810		$0.794		$0.865		$0.806		$0.892		$0.982		$1.208		$1.177





																		Diesel Fuel Cost		$0		$0		$938,622		$4,659,682		$6,060,279		$7,210,552		$8,626,760		$10,334,831		$13,256,758		$13,594,976		$13,608,923		$13,270,705		$9,205,113		$7,876,648		$9,051,695		$10,843,902		$13,909,756		$14,264,634		$14,279,268		$13,924,390

																		CNG Fuel Cost		$0		$0		$296,673		$1,858,874		$3,395,142		$4,500,183		$5,270,762		$3,901,265		$3,946,314		$3,725,573		$3,504,831		$3,410,228		$3,991,363		$3,284,090		$3,216,516		$3,504,831		$3,266,070		$3,615,850		$3,978,747		$4,896,919



																		Fuel Cost Savings Per Year		$0		$0		$641,949		$2,800,807		$2,665,137		$2,710,369		$3,355,998		$6,433,567		$9,310,444		$9,869,403		$10,104,092		$9,860,477		$5,213,750		$4,592,558		$5,835,178		$7,339,071		$10,643,685		$10,648,783		$10,300,521		$9,027,470



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$641,949		$2,800,807		$2,665,137		$2,710,369		$3,355,998		$6,433,567		$9,310,444		$9,869,403		$10,104,092		$9,860,477		$5,213,750		$4,592,558		$5,835,178		$7,339,071		$10,643,685		$10,648,783		$10,300,521		$9,027,470

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,501,231)		($7,151,736)		($8,096,957)		$638,533		$2,849,225		$5,916,658		$8,783,197		$9,331,611		$9,555,544		$9,300,958		$4,643,041		$4,010,435		$5,241,413		$6,733,430		$10,025,932		$10,018,675		$9,657,810		$8,371,905

																		15-Year IRR		5%

																		20-Year IRR		10%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,051,008)		($4,545,058)		($4,594,431)		$323,501		$1,288,845		$2,389,639		$3,167,309		$3,004,529		$2,746,991		$2,387,324		$1,064,065		$820,614		$957,587		$1,098,368		$1,460,220		$1,302,824		$1,121,337		$867,888

																		CDCF		($3,468,750)		($13,433,673)		($19,484,682)		($24,029,740)		($28,624,171)		($28,300,670)		($27,011,825)		($24,622,186)		($21,454,877)		($18,450,348)		($15,703,358)		($13,316,033)		($12,251,968)		($11,431,354)		($10,473,767)		($9,375,399)		($7,915,179)		($6,612,354)		($5,491,017)		($4,623,129)

																		15-Year NPV @ 12% DR		($10,473,767)

																		20-Year NPV @ 12% DR		($4,623,129)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,387,101)		($4,884,732)		($5,027,574)		$360,435		$1,462,103		$2,760,165		$3,724,933		$3,597,740		$3,349,160		$2,963,572		$1,344,924		$1,056,073		$1,254,753		$1,465,391		$1,983,577		$1,801,947		$1,579,129		$1,244,430

																		CDCF		($3,531,818)		($13,862,397)		($20,249,497)		($25,134,230)		($30,161,803)		($29,801,368)		($28,339,265)		($25,579,100)		($21,854,167)		($18,256,427)		($14,907,267)		($11,943,695)		($10,598,772)		($9,542,699)		($8,287,946)		($6,822,556)		($4,838,979)		($3,037,032)		($1,457,903)		($213,472)

																		15-Year NPV @ 10% DR		($8,287,946)

																		20-Year NPV @ 10% DR		($213,472)



																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,748,551)		($5,256,740)		($5,510,653)		$402,384		$1,662,495		$3,196,586		$4,393,785		$4,322,342		$4,098,209		$3,693,539		$1,707,237		$1,365,397		$1,652,312		$1,965,424		$2,709,698		$2,507,164		$2,237,831		$1,796,177

																		CDCF		($3,597,222)		($14,313,957)		($21,062,509)		($26,319,248)		($31,829,902)		($31,427,518)		($29,765,022)		($26,568,436)		($22,174,651)		($17,852,309)		($13,754,100)		($10,060,562)		($8,353,325)		($6,987,928)		($5,335,616)		($3,370,192)		($660,494)		$1,846,670		$4,084,501		$5,880,678

																		15-Year NPV @  8% DR		($5,335,616)

																		20-Year NPV @  8% DR		$5,880,678



																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,137,798)		($5,664,845)		($6,050,518)		$450,141		$1,894,897		$3,712,185		$5,198,761		$5,210,723		$5,033,741		$4,622,291		$2,176,839		$1,773,819		$2,187,058		$2,650,590		$3,723,274		$3,509,981		$3,192,032		$2,610,400

																		CDCF		($3,665,094)		($14,790,050)		($21,927,847)		($27,592,692)		($33,643,210)		($33,193,069)		($31,298,172)		($27,585,988)		($22,387,227)		($17,176,504)		($12,142,762)		($7,520,471)		($5,343,632)		($3,569,813)		($1,382,755)		$1,267,835		$4,991,109		$8,501,090		$11,693,122		$14,303,522

																		15-Year NPV @  6% DR		($1,382,755)

																		20-Year NPV @  6% DR		$14,303,522

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,343,683)		($5,883,751)		($6,344,178)		$476,483		$2,024,891		$4,004,627		$5,661,727		$5,728,800		$5,586,929		$5,179,122		$2,462,304		$2,025,542		$2,521,209		$3,084,662		$4,374,281		$4,162,966		$3,821,923		$3,155,283

																		CDCF		($3,700,000)		($15,037,868)		($22,381,552)		($28,265,303)		($34,609,481)		($34,132,998)		($32,108,107)		($28,103,479)		($22,441,752)		($16,712,953)		($11,126,024)		($5,946,902)		($3,484,598)		($1,459,056)		$1,062,153		$4,146,815		$8,521,096		$12,684,062		$16,505,985		$19,661,269

																		15-Year NPV @  5% DR		$1,062,153

																		20-Year NPV @  5% DR		$19,661,269

																		CDCF $MM		($3.7)		($15.0)		($22.4)		($28.3)		($34.6)		($34.1)		($32.1)		($28.1)		($22.4)		($16.7)		($11.1)		($5.9)		($3.5)		($1.5)		$1.1		$4.1		$8.5		$12.7		$16.5		$19.7



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.38155157860724	-28.265302680368237	-34.609480670729845	-34.132997508772021	-32.108106641306037	-28.103479454424495	-22.441752444583148	-16.712952528256967	-11.126023846996837	-5.9469022340665401	-3.4845984242627019	-1.4590562932333391	1.0621529347509413	4.1468148216906036	8.5210956593199025	12.684061981190686	16.505985383915984	19.661268500486134	
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Scn03

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		100%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$2.48		$2.52		$2.57		$2.61		$2.66		$2.70		$2.74		$2.78		$2.82		$2.86		$2.90		$2.94		$2.98		$3.02		$3.05		$3.09		$3.13		$3.16		$3.20

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.019		1.019		1.018		1.017		1.017		1.016		1.016		1.015		1.015		1.014		1.014		1.013		1.013		1.013		1.012		1.012		1.012		1.011		1.011		1.011

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$2.48		$2.52		$2.57		$2.61		$2.66		$2.70		$2.74		$2.78		$2.82		$2.86		$2.90		$2.94		$2.98		$3.02		$3.05		$3.09		$3.13		$3.16		$3.20		$3.23



																		CNG $/DGE		$0.83		$0.844		$0.858		$0.872		$0.886		$0.900		$0.914		$0.928		$0.942		$0.956		$0.970		$0.983		$0.997		$1.011		$1.025		$1.038		$1.052		$1.066		$1.079		$1.093

																		CNG Forecast Factor		1.017		1.017		1.016		1.016		1.016		1.015		1.015		1.015		1.015		1.014		1.014		1.014		1.014		1.014		1.013		1.013		1.013		1.013		1.013		1.012

																		CNG $/DGE		$0.844		$0.858		$0.872		$0.886		$0.900		$0.914		$0.928		$0.942		$0.956		$0.970		$0.983		$0.997		$1.011		$1.025		$1.038		$1.052		$1.066		$1.079		$1.093		$1.106





																		Diesel Fuel Cost		$0		$0		$753,402		$3,901,666		$7,437,357		$10,507,669		$11,109,494		$11,276,616		$11,440,994		$11,602,753		$11,762,012		$11,918,878		$12,073,452		$12,225,829		$12,376,096		$12,524,336		$12,670,625		$12,815,037		$12,957,638		$13,098,493

																		CNG Fuel Cost		$0		$0		$251,779		$1,302,702		$2,481,708		$3,505,068		$3,705,539		$3,761,852		$3,818,053		$3,874,143		$3,930,125		$3,986,001		$4,041,773		$4,097,443		$4,153,011		$4,208,481		$4,263,853		$4,319,130		$4,374,312		$4,429,402



																		Fuel Cost Savings Per Year		$0		$0		$501,624		$2,598,964		$4,955,649		$7,002,601		$7,403,955		$7,514,764		$7,622,941		$7,728,610		$7,831,887		$7,932,876		$8,031,679		$8,128,386		$8,223,085		$8,315,855		$8,406,772		$8,495,907		$8,583,325		$8,669,091



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$501,624		$2,598,964		$4,955,649		$7,002,601		$7,403,955		$7,514,764		$7,622,941		$7,728,610		$7,831,887		$7,932,876		$8,031,679		$8,128,386		$8,223,085		$8,315,855		$8,406,772		$8,495,907		$8,583,325		$8,669,091

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,641,556)		($7,353,579)		($5,806,446)		$4,930,765		$6,897,182		$6,997,855		$7,095,694		$7,190,819		$7,283,339		$7,373,358		$7,460,970		$7,546,263		$7,629,319		$7,710,214		$7,789,018		$7,865,798		$7,940,615		$8,013,526

																		15-Year IRR		8%

																		20-Year IRR		12%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,150,889)		($4,673,333)		($3,294,733)		$2,498,079		$3,119,935		$2,826,316		$2,558,779		$2,315,251		$2,093,786		$1,892,557		$1,709,862		$1,544,115		$1,393,848		$1,257,703		$1,134,426		$1,022,865		$921,959		$830,736

																		CDCF		($3,468,750)		($13,433,673)		($19,584,563)		($24,257,895)		($27,552,628)		($25,054,550)		($21,934,615)		($19,108,298)		($16,549,520)		($14,234,269)		($12,140,483)		($10,247,925)		($8,538,064)		($6,993,949)		($5,600,100)		($4,342,398)		($3,207,971)		($2,185,106)		($1,263,147)		($432,410)

																		15-Year NPV @ 12% DR		($5,600,100)

																		20-Year NPV @ 12% DR		($432,410)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,492,529)		($5,022,594)		($3,605,346)		$2,783,288		$3,539,345		$3,264,551		$3,009,267		$2,772,372		$2,552,766		$2,349,379		$2,161,177		$1,987,167		$1,826,398		$1,677,967		$1,541,016		$1,414,733		$1,298,354		$1,191,160

																		CDCF		($3,531,818)		($13,862,397)		($20,354,926)		($25,377,519)		($28,982,865)		($26,199,577)		($22,660,232)		($19,395,681)		($16,386,414)		($13,614,042)		($11,061,276)		($8,711,897)		($6,550,720)		($4,563,553)		($2,737,155)		($1,059,187)		$481,828		$1,896,561		$3,194,915		$4,386,075

																		15-Year NPV @ 10% DR		($2,737,155)

																		20-Year NPV @ 10% DR		$4,386,075



																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,859,946)		($5,405,100)		($3,951,769)		$3,107,218		$4,024,439		$3,780,724		$3,549,614		$3,330,740		$3,123,699		$2,928,062		$2,743,383		$2,569,209		$2,405,080		$2,250,538		$2,105,130		$1,968,408		$1,839,936		$1,719,288

																		CDCF		($3,597,222)		($14,313,957)		($21,173,903)		($26,579,004)		($30,530,773)		($27,423,555)		($23,399,116)		($19,618,392)		($16,068,778)		($12,738,038)		($9,614,339)		($6,686,277)		($3,942,894)		($1,373,685)		$1,031,395		$3,281,933		$5,387,063		$7,355,471		$9,195,407		$10,914,695

																		15-Year NPV @  8% DR		$1,031,395

																		20-Year NPV @  8% DR		$10,914,695



																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,255,617)		($5,824,724)		($4,338,914)		$3,475,995		$4,587,020		$4,390,541		$4,199,931		$4,015,316		$3,836,772		$3,664,333		$3,497,994		$3,337,720		$3,183,448		$3,035,097		$2,892,564		$2,755,733		$2,624,476		$2,498,655

																		CDCF		($3,665,094)		($14,790,050)		($22,045,667)		($27,870,391)		($32,209,305)		($28,733,310)		($24,146,290)		($19,755,749)		($15,555,819)		($11,540,503)		($7,703,731)		($4,039,398)		($541,404)		$2,796,316		$5,979,764		$9,014,861		$11,907,425		$14,663,159		$17,287,635		$19,786,291

																		15-Year NPV @  6% DR		$5,979,764

																		20-Year NPV @  6% DR		$19,786,291

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,464,901)		($6,049,808)		($4,549,502)		$3,679,413		$4,901,698		$4,736,424		$4,573,948		$4,414,539		$4,258,417		$4,105,762		$3,956,712		$3,811,376		$3,669,833		$3,532,138		$3,398,323		$3,268,402		$3,142,371		$3,020,214

																		CDCF		($3,700,000)		($15,037,868)		($22,502,770)		($28,552,578)		($33,102,080)		($29,422,667)		($24,520,969)		($19,784,545)		($15,210,597)		($10,796,058)		($6,537,641)		($2,431,879)		$1,524,833		$5,336,208		$9,006,042		$12,538,180		$15,936,502		$19,204,904		$22,347,275		$25,367,488

																		15-Year NPV @  5% DR		$9,006,042

																		20-Year NPV @  5% DR		$25,367,488

																		CDCF $MM		($3.7)		($15.0)		($22.5)		($28.6)		($33.1)		($29.4)		($24.5)		($19.8)		($15.2)		($10.8)		($6.5)		($2.4)		$1.5		$5.3		$9.0		$12.5		$15.9		$19.2		$22.3		$25.4



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.502769733838178	-28.552577568749502	-33.10207983609174	-29.42266719153109	-24.520968859126544	-19.784544863638839	-15.210597034533043	-10.796058184646666	-6.5376406967118328	-2.4318790974136353	1.5248326428740751	5.3362084466021118	9.0060415482593879	12.538179514483263	15.936502444442297	19.204903982257999	22.347274818276492	25.367488394873881	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4771023744345926	2.5232168961826891	2.5684011260932804	2.6127072810945577	2.6561829020376311	2.6988714180802233	2.7408126265318606	2.7820431031260653	2.8225965546534009	2.8625041235444773	2.9017946521630429	2.9404949131312881	2.9786298108702032	3.0162225586290585	3.0532948345481934	3.0898669197095248	3.1259578206497811	3.1615853784195989	3.196766365949574	3.231516575218472	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.84433373999999994	0.85868741358	0.87328509961086009	0.88813094630424483	0.90322917239141709	0.91858406832207129	0.93419999748354665	0.95008139744076703	0.96623278119726019	0.98265873847761376	0.99936393703173332	1.0163531239612729	1.0336311270686147	1.0512028562287812	1.0690733047846706	1.08724755096601	1.1057307593324324	1.1245281822410838	1.1436451613391823	1.1630871290819484	





Scn11

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		103.7%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$2.47		$2.51		$2.56		$2.60		$2.64		$2.69		$2.73		$2.78		$2.83		$2.88		$2.93		$2.97		$3.03		$3.08		$3.13		$3.18		$3.24		$3.29		$3.35

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$2.47		$2.51		$2.56		$2.60		$2.64		$2.69		$2.73		$2.78		$2.83		$2.88		$2.93		$2.97		$3.03		$3.08		$3.13		$3.18		$3.24		$3.29		$3.35		$3.40



																		CNG $/DGE		$0.86		$0.876		$0.890		$0.906		$0.921		$0.937		$0.953		$0.969		$0.985		$1.002		$1.019		$1.036		$1.054		$1.072		$1.090		$1.109		$1.127		$1.147		$1.166		$1.186

																		CNG Forecast Factor		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017		1.017

																		CNG $/DGE		$0.876		$0.890		$0.906		$0.921		$0.937		$0.953		$0.969		$0.985		$1.002		$1.019		$1.036		$1.054		$1.072		$1.090		$1.109		$1.127		$1.147		$1.166		$1.186		$1.206





																		Diesel Fuel Cost		$0		$0		$749,779		$3,881,946		$7,402,385		$10,467,819		$11,083,269		$11,271,685		$11,463,303		$11,658,180		$11,856,369		$12,057,927		$12,262,912		$12,471,381		$12,683,395		$12,899,012		$13,118,296		$13,341,307		$13,568,109		$13,798,767

																		CNG Fuel Cost		$0		$0		$261,203		$1,352,366		$2,578,793		$3,646,707		$3,861,114		$3,926,753		$3,993,508		$4,061,397		$4,130,441		$4,200,658		$4,272,070		$4,344,695		$4,418,555		$4,493,670		$4,570,062		$4,647,753		$4,726,765		$4,807,120



																		Fuel Cost Savings Per Year		$0		$0		$488,576		$2,529,580		$4,823,593		$6,821,111		$7,222,155		$7,344,932		$7,469,796		$7,596,782		$7,725,928		$7,857,268		$7,990,842		$8,126,686		$8,264,840		$8,405,342		$8,548,233		$8,693,553		$8,841,343		$8,991,646



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$488,576		$2,529,580		$4,823,593		$6,821,111		$7,222,155		$7,344,932		$7,469,796		$7,596,782		$7,725,928		$7,857,268		$7,990,842		$8,126,686		$8,264,840		$8,405,342		$8,548,233		$8,693,553		$8,841,343		$8,991,646

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,654,604)		($7,422,964)		($5,938,502)		$4,749,275		$6,715,382		$6,828,023		$6,942,549		$7,058,991		$7,177,380		$7,297,750		$7,420,133		$7,544,563		$7,671,075		$7,799,702		$7,930,480		$8,063,444		$8,198,633		$8,336,081

																		15-Year IRR		8%

																		20-Year IRR		12%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,160,176)		($4,717,428)		($3,369,665)		$2,406,131		$3,037,698		$2,757,724		$2,503,553		$2,272,806		$2,063,325		$1,873,151		$1,700,503		$1,543,767		$1,401,477		$1,272,300		$1,155,029		$1,048,567		$951,917		$864,175

																		CDCF		($3,468,750)		($13,433,673)		($19,593,850)		($24,311,277)		($27,680,943)		($25,274,812)		($22,237,114)		($19,479,390)		($16,975,837)		($14,703,031)		($12,639,706)		($10,766,555)		($9,066,052)		($7,522,285)		($6,120,808)		($4,848,508)		($3,693,479)		($2,644,912)		($1,692,995)		($828,820)

																		15-Year NPV @ 12% DR		($6,120,808)

																		20-Year NPV @ 12% DR		($828,820)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,502,332)		($5,069,984)		($3,687,342)		$2,680,842		$3,446,053		$3,185,323		$2,944,319		$2,721,547		$2,515,628		$2,325,288		$2,149,348		$1,986,719		$1,836,394		$1,697,442		$1,569,003		$1,450,281		$1,340,542		$1,239,105

																		CDCF		($3,531,818)		($13,862,397)		($20,364,729)		($25,434,713)		($29,122,055)		($26,441,213)		($22,995,160)		($19,809,837)		($16,865,518)		($14,143,972)		($11,628,344)		($9,303,056)		($7,153,708)		($5,166,988)		($3,330,594)		($1,633,152)		($64,149)		$1,386,133		$2,726,675		$3,965,780

																		15-Year NPV @ 10% DR		($3,330,594)

																		20-Year NPV @ 10% DR		$3,965,780

																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,870,304)		($5,456,100)		($4,041,644)		$2,992,849		$3,918,361		$3,688,969		$3,473,003		$3,269,679		$3,078,255		$2,898,037		$2,728,368		$2,568,630		$2,418,243		$2,276,659		$2,143,362		$2,017,869		$1,899,722		$1,788,491

																		CDCF		($3,597,222)		($14,313,957)		($21,184,261)		($26,640,361)		($30,682,006)		($27,689,157)		($23,770,796)		($20,081,827)		($16,608,824)		($13,339,145)		($10,260,890)		($7,362,853)		($4,634,486)		($2,065,856)		$352,387		$2,629,045		$4,772,408		$6,790,277		$8,689,999		$10,478,490

																		15-Year NPV @  8% DR		$352,387

																		20-Year NPV @  8% DR		$10,478,490

																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,266,572)		($5,879,682)		($4,437,594)		$3,348,051		$4,466,113		$4,283,986		$4,109,284		$3,941,704		$3,780,954		$3,626,758		$3,478,848		$3,336,968		$3,200,871		$3,070,324		$2,945,098		$2,824,978		$2,709,755		$2,599,230

																		CDCF		($3,665,094)		($14,790,050)		($22,056,622)		($27,936,305)		($32,373,899)		($29,025,847)		($24,559,734)		($20,275,748)		($16,166,464)		($12,224,760)		($8,443,806)		($4,817,048)		($1,338,200)		$1,998,768		$5,199,639		$8,269,963		$11,215,061		$14,040,038		$16,749,793		$19,349,023

																		15-Year NPV @  6% DR		$5,199,639

																		20-Year NPV @  6% DR		$19,349,023

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,476,172)		($6,106,891)		($4,652,972)		$3,543,982		$4,772,497		$4,621,475		$4,475,229		$4,333,608		$4,196,466		$4,063,660		$3,935,055		$3,810,517		$3,689,918		$3,573,133		$3,460,042		$3,350,528		$3,244,477		$3,141,781

																		CDCF		($3,700,000)		($15,037,868)		($22,514,041)		($28,620,931)		($33,273,903)		($29,729,921)		($24,957,424)		($20,335,949)		($15,860,720)		($11,527,112)		($7,330,646)		($3,266,986)		$668,069		$4,478,586		$8,168,504		$11,741,637		$15,201,679		$18,552,207		$21,796,684		$24,938,466

																		15-Year NPV @  5% DR		$8,168,504

																		20-Year NPV @  5% DR		$24,938,466

																		CDCF $MM		($3.7)		($15.0)		($22.5)		($28.6)		($33.3)		($29.7)		($25.0)		($20.3)		($15.9)		($11.5)		($7.3)		($3.3)		$0.7		$4.5		$8.2		$11.7		$15.2		$18.6		$21.8		$24.9



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.51404083305826	-28.620931413244488	-33.27390291592274	-29.729920765850736	-24.957423957336847	-20.335948917584052	-15.860719847804937	-11.527111885755151	-7.3306463380131826	-3.2669860627885239	0.66806900149229864	4.4785861664224491	8.1685041871297326	11.74163732338473	15.201679272480879	18.552206977933526	21.796684317917194	24.93846567723676	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4713100000000003	2.5133222700000006	2.5560487485900008	2.599501577316031	2.6436931041304037	2.6886358869006211	2.7343426969779321	2.7808265228265574	2.8281005737146092	2.8761782834677581	2.9250733142867102	2.9747995606295845	3.0253711531602878	3.0768024627640131	3.1291081046310016	3.1823029424097289	3.2364020924306947	3.291420928002017	3.3473750837780516	3.4042804602022789	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.87557408837999995	0.8904588478824601	0.90559664829646203	0.92099179131750197	0.93664865176989964	0.95257167884998806	0.96876539739043799	0.98523440914607552	1.001983394101559	1.0190171118012856	1.0363404027019076	1.0539581895478403	1.0718754787701537	1.0900973619092464	1.1086290170617037	1.1274757103517528	1.1466427974277327	1.1661357249840043	1.1859600323087325	1.2061213528579811	





Scn12

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		103.7%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$3.12		$3.20		$3.20		$3.12		$2.16		$1.85		$2.13		$2.55		$3.27		$3.35		$3.36		$3.27		$2.27		$1.94		$2.23		$2.68		$3.43		$3.52		$3.52

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.283		1.026		1.001		0.975		0.694		0.856		1.149		1.198		1.283		1.026		1.001		0.975		0.694		0.856		1.149		1.198		1.283		1.026		1.001		0.975

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$3.12		$3.20		$3.20		$3.12		$2.16		$1.85		$2.13		$2.55		$3.27		$3.35		$3.36		$3.27		$2.27		$1.94		$2.23		$2.68		$3.43		$3.52		$3.52		$3.44



																		CNG $/DGE		$0.86		$0.953		$1.049		$1.291		$1.257		$1.199		$1.348		$0.998		$1.010		$0.953		$0.897		$0.872		$1.021		$0.840		$0.823		$0.897		$0.836		$0.925		$1.018		$1.253

																		CNG Forecast Factor		1.107		1.100		1.231		0.974		0.953		1.125		0.740		1.012		0.944		0.941		0.973		1.170		0.823		0.979		1.090		0.932		1.107		1.100		1.231		0.974

																		CNG $/DGE		$0.953		$1.049		$1.291		$1.257		$1.199		$1.348		$0.998		$1.010		$0.953		$0.897		$0.872		$1.021		$0.840		$0.823		$0.897		$0.836		$0.925		$1.018		$1.253		$1.220





																		Diesel Fuel Cost		$0		$0		$938,622		$4,659,682		$6,060,279		$7,210,552		$8,626,760		$10,334,831		$13,256,758		$13,594,976		$13,608,923		$13,270,705		$9,205,113		$7,876,648		$9,051,695		$10,843,902		$13,909,756		$14,264,634		$14,279,268		$13,924,390

																		CNG Fuel Cost		$0		$0		$307,650		$1,927,652		$3,520,763		$4,666,689		$5,465,780		$4,045,611		$4,092,328		$3,863,419		$3,634,510		$3,536,406		$4,139,044		$3,405,601		$3,335,527		$3,634,510		$3,386,915		$3,749,637		$4,125,961		$5,078,105



																		Fuel Cost Savings Per Year		$0		$0		$630,972		$2,732,029		$2,539,517		$2,543,863		$3,160,980		$6,289,220		$9,164,430		$9,731,557		$9,974,413		$9,734,298		$5,066,069		$4,471,047		$5,716,167		$7,209,392		$10,522,841		$10,514,997		$10,153,307		$8,846,284



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$630,972		$2,732,029		$2,539,517		$2,543,863		$3,160,980		$6,289,220		$9,164,430		$9,731,557		$9,974,413		$9,734,298		$5,066,069		$4,471,047		$5,716,167		$7,209,392		$10,522,841		$10,514,997		$10,153,307		$8,846,284

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,512,208)		($7,220,515)		($8,222,578)		$472,026		$2,654,207		$5,772,311		$8,637,183		$9,193,765		$9,425,865		$9,174,780		$4,495,361		$3,888,924		$5,122,402		$6,603,751		$9,905,087		$9,884,888		$9,510,596		$8,190,719

																		15-Year IRR		5%

																		20-Year IRR		10%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,058,822)		($4,588,768)		($4,665,711)		$239,143		$1,200,628		$2,331,340		$3,114,655		$2,960,146		$2,709,711		$2,354,937		$1,030,221		$795,751		$935,844		$1,077,215		$1,442,620		$1,285,427		$1,104,245		$849,105

																		CDCF		($3,468,750)		($13,433,673)		($19,492,495)		($24,081,263)		($28,746,974)		($28,507,831)		($27,307,202)		($24,975,863)		($21,861,208)		($18,901,062)		($16,191,350)		($13,836,413)		($12,806,192)		($12,010,442)		($11,074,598)		($9,997,383)		($8,554,763)		($7,269,336)		($6,165,092)		($5,315,986)

																		15-Year NPV @ 12% DR		($11,074,598)

																		20-Year NPV @ 12% DR		($5,315,986)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,395,348)		($4,931,709)		($5,105,574)		$266,447		$1,362,028		$2,692,826		$3,663,009		$3,544,594		$3,303,708		$2,923,368		$1,302,146		$1,024,075		$1,226,262		$1,437,169		$1,959,669		$1,777,884		$1,555,059		$1,217,498

																		CDCF		($3,531,818)		($13,862,397)		($20,257,745)		($25,189,453)		($30,295,027)		($30,028,580)		($28,666,553)		($25,973,727)		($22,310,718)		($18,766,124)		($15,462,415)		($12,539,048)		($11,236,902)		($10,212,827)		($8,986,564)		($7,549,396)		($5,589,727)		($3,811,843)		($2,256,785)		($1,039,286)

																		15-Year NPV @ 10% DR		($8,986,564)

																		20-Year NPV @ 10% DR		($1,039,286)

																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,757,265)		($5,307,294)		($5,596,148)		$297,457		$1,548,704		$3,118,600		$4,320,742		$4,258,492		$4,042,592		$3,643,431		$1,652,935		$1,324,027		$1,614,795		$1,927,572		$2,677,038		$2,473,684		$2,203,720		$1,757,304

																		CDCF		($3,597,222)		($14,313,957)		($21,071,223)		($26,378,516)		($31,974,665)		($31,677,208)		($30,128,504)		($27,009,904)		($22,689,162)		($18,430,670)		($14,388,077)		($10,744,646)		($9,091,711)		($7,767,684)		($6,152,890)		($4,225,318)		($1,548,280)		$925,404		$3,129,123		$4,886,428

																		15-Year NPV @  8% DR		($6,152,890)

																		20-Year NPV @  8% DR		$4,886,428

																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,147,014)		($5,719,324)		($6,144,388)		$332,760		$1,765,199		$3,621,620		$5,112,335		$5,133,750		$4,965,428		$4,559,585		$2,107,600		$1,720,075		$2,137,399		$2,599,542		$3,678,397		$3,463,109		$3,143,376		$2,553,905

																		CDCF		($3,665,094)		($14,790,050)		($21,937,064)		($27,656,388)		($33,800,776)		($33,468,016)		($31,702,817)		($28,081,198)		($22,968,862)		($17,835,112)		($12,869,683)		($8,310,099)		($6,202,498)		($4,482,424)		($2,345,024)		$254,518		$3,932,915		$7,396,024		$10,539,400		$13,093,305

																		15-Year NPV @  6% DR		($2,345,024)

																		20-Year NPV @  6% DR		$13,093,305

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,353,165)		($5,940,335)		($6,442,605)		$352,233		$1,886,295		$3,906,928		$5,567,605		$5,644,174		$5,511,108		$5,108,861		$2,383,986		$1,964,171		$2,463,963		$3,025,255		$4,321,557		$4,107,375		$3,763,666		$3,086,996

																		CDCF		($3,700,000)		($15,037,868)		($22,391,034)		($28,331,369)		($34,773,974)		($34,421,741)		($32,535,445)		($28,628,518)		($23,060,913)		($17,416,738)		($11,905,630)		($6,796,769)		($4,412,784)		($2,448,613)		$15,350		$3,040,604		$7,362,161		$11,469,537		$15,233,202		$18,320,198

																		15-Year NPV @  5% DR		$15,350

																		20-Year NPV @  5% DR		$18,320,198

																		CDCF $MM		($3.7)		($15.0)		($22.4)		($28.3)		($34.8)		($34.4)		($32.5)		($28.6)		($23.1)		($17.4)		($11.9)		($6.8)		($4.4)		($2.4)		$0.0		$3.0		$7.4		$11.5		$15.2		$18.3



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.391033838233774	-28.331369053383884	-34.773973809860799	-34.421740552124064	-32.535445468231494	-28.628517873189249	-23.060912542058151	-17.416738227268581	-11.905630030830793	-6.7967692907252184	-4.4127835702749723	-2.4486129184875414	1.534993654130213E-2	3.0406044896683322	7.3621612276352995	11.469536511805124	15.233202478809948	18.320198491238884	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.1170242914979762	3.1965485829959519	3.1998279352226726	3.1203036437246969	2.1643724696356279	1.852014170040486	2.128299595141701	2.5496963562753043	3.2705619252897122	3.3540034052352938	3.3574442910062459	3.2740028110606643	2.2709846088282064	1.9432402391450445	2.2331348653477363	2.6752886869150463	3.4316624789645771	3.519214099285346	3.5228244753810478	3.4352728550602789	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.95314035044176681	1.0488001437751	1.2908309461847385	1.2574076448995981	1.1986287357429717	1.3484573277108431	0.99808892803212834	1.0096142043373493	0.95314035044176693	0.89666649654618469	0.87246341630522084	1.0211394806425702	0.84019264265060245	0.82290472819277116	0.89666649654618491	0.83558253212851419	0.92506928255727072	1.0179117861271056	1.2528145060025917	1.2203755589721677	





Scn13

				Alternative Fuel Conversion Financial Model														Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				RETROFIT COST														F59/F59PHI		0		0		6		7		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Retrofit Parameters						Number of Units								MP36		0		0		5		5		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				F59/F59PHI		$800,000				F59/F59PHI		22						Engine Units Per Year		0		0		11		12		13		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				MP36		$775,000				MP36		16



																		F59/F59H Retrofit		$0		$0		$4,800,000		$5,600,000		$6,400,000		$800,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		MP36 Retrofit		$0		$0		$3,875,000		$3,875,000		$3,875,000		$775,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Total  Retrofit Cost Per Year		$0		$0		$8,675,000		$9,475,000		$10,275,000		$1,575,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0







				BASE FUEL PRICE						FUEL PRICE SENSITIVITY FACTOR

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Diesel $/DGE		$2.430				Diesel $/DGE		100%						F59/F59PHI Cumulative		0		0		6		13		21		22		22		22		22		22		22		22		22		22		22		22		22		22		22		22

				CNG $/DGE		$0.830				CNG $/DGE		103.7%						MP36 Cumulative		0		0		5		10		15		16		16		16		16		16		16		16		16		16		16		16		16		16		16		16



										First Year Fuel Savings		25%						F59/F59PHI DGE		0		0		160,001		826,672		1,600,010		2,266,680		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681		2,346,681

																		MP36 DGE		0		0		133,334		666,671		1,200,007		1,626,676		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677		1,706,677

				FUEL CONSUMPTION

																		Total DGE		0		0		293,335		1,493,342		2,800,017		3,893,357		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358		4,053,358

				DIESEL PARAMETERS F59/F59PHI:						DIESEL PARAMETERS MP36:

				Diesel Gallons Consumed Per Engine Per Year		164,104				Diesel Gallons Consumed Per Engine Per Year		164,104						Diesel $/DGE Base		$2.43		$2.48		$2.52		$2.57		$2.61		$2.66		$2.70		$2.74		$2.78		$2.82		$2.86		$2.90		$2.94		$2.98		$3.02		$3.05		$3.09		$3.13		$3.16		$3.20

				% Diesel Substitution		65%				% Diesel Substitution		65%						Diesel Forecast Factor		1.019		1.019		1.018		1.017		1.017		1.016		1.016		1.015		1.015		1.014		1.014		1.013		1.013		1.013		1.012		1.012		1.012		1.011		1.011		1.011

				Net Diesel Gallons Converted to CNG		106,667				Net Diesel Gallons Converted to CNG		106,667						Diesel $/DGE		$2.48		$2.52		$2.57		$2.61		$2.66		$2.70		$2.74		$2.78		$2.82		$2.86		$2.90		$2.94		$2.98		$3.02		$3.05		$3.09		$3.13		$3.16		$3.20		$3.23



																		CNG $/DGE		$0.86		$0.876		$0.890		$0.905		$0.919		$0.934		$0.948		$0.962		$0.977		$0.991		$1.005		$1.020		$1.034		$1.048		$1.062		$1.077		$1.091		$1.105		$1.119		$1.133

																		CNG Forecast Factor		1.017		1.017		1.016		1.016		1.016		1.015		1.015		1.015		1.015		1.014		1.014		1.014		1.014		1.014		1.013		1.013		1.013		1.013		1.013		1.012

																		CNG $/DGE		$0.876		$0.890		$0.905		$0.919		$0.934		$0.948		$0.962		$0.977		$0.991		$1.005		$1.020		$1.034		$1.048		$1.062		$1.077		$1.091		$1.105		$1.119		$1.133		$1.147





																		Diesel Fuel Cost		$0		$0		$753,402		$3,901,666		$7,437,357		$10,507,669		$11,109,494		$11,276,616		$11,440,994		$11,602,753		$11,762,012		$11,918,878		$12,073,452		$12,225,829		$12,376,096		$12,524,336		$12,670,625		$12,815,037		$12,957,638		$13,098,493

																		CNG Fuel Cost		$0		$0		$261,094		$1,350,902		$2,573,532		$3,634,756		$3,842,644		$3,901,041		$3,959,321		$4,017,486		$4,075,540		$4,133,484		$4,191,319		$4,249,048		$4,306,673		$4,364,195		$4,421,616		$4,478,938		$4,536,162		$4,593,290



																		Fuel Cost Savings Per Year		$0		$0		$492,308		$2,550,764		$4,863,825		$6,872,914		$7,266,850		$7,375,575		$7,481,673		$7,585,267		$7,686,472		$7,785,394		$7,882,133		$7,976,781		$8,069,423		$8,160,141		$8,249,009		$8,336,099		$8,421,476		$8,505,203



				Non-Recurring Expenses						Station Maintenance & Operating Cost

																		Non-Recurring Expense		$3,885,000		$12,500,000		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Fueling Station		$12,500,000				Annual Maintenance & Operating Cost		$450,000

				Facility Modification Capital Expense		$3,200,000

				Other NRE		$685,000												M&O Base Cost		$450,000		$450,000		$459,000		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711

				Total NRE		$16,385,000												Annual Inflation		0%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%		2%

										Locomotive Maintenance Cost								Annual M&O Cost		$0		$0		$468,180		$477,544		$487,094		$496,836		$506,773		$516,909		$527,247		$537,792		$548,547		$559,518		$570,709		$582,123		$593,765		$605,641		$617,754		$630,109		$642,711		$655,565

				NRE Spend Schedule

										Incremental Maintenance Cost Per Engine		$0

				Year 1		$3,885,000												Converted Engines Operating		0		0		11		23		36		38		38		38		38		38		38		38		38		38		38		38		38		38		38		38

				Year 2		$12,500,000												Maintenance Cost Per Engine		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

				Total NRE		$16,385,000				Annual Inflation		2%						Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		CASH FLOW

																		Year		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

																		Retrofit Cost		$0		$0		($8,675,000)		($9,475,000)		($10,275,000)		($1,575,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Non-Recurring Expense		($3,885,000)		($12,500,000)		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Annual M&O Cost		$0		$0		($468,180)		($477,544)		($487,094)		($496,836)		($506,773)		($516,909)		($527,247)		($537,792)		($548,547)		($559,518)		($570,709)		($582,123)		($593,765)		($605,641)		($617,754)		($630,109)		($642,711)		($655,565)

																		Incremental Engine Maintenance		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																		Fuel Cost Savings		$0		$0		$492,308		$2,550,764		$4,863,825		$6,872,914		$7,266,850		$7,375,575		$7,481,673		$7,585,267		$7,686,472		$7,785,394		$7,882,133		$7,976,781		$8,069,423		$8,160,141		$8,249,009		$8,336,099		$8,421,476		$8,505,203

																		Cash Flow By End of Year		($3,885,000)		($12,500,000)		($8,650,872)		($7,401,779)		($5,898,269)		$4,801,077		$6,760,077		$6,858,667		$6,954,426		$7,047,475		$7,137,924		$7,225,876		$7,311,424		$7,394,658		$7,475,658		$7,554,500		$7,631,256		$7,705,990		$7,778,765		$7,849,638

																		15-Year IRR		8%

																		20-Year IRR		11%



																		DCF @ 12%		($3,468,750)		($9,964,923)		($6,157,520)		($4,703,964)		($3,346,836)		$2,432,375		$3,057,915		$2,770,101		$2,507,836		$2,269,098		$2,051,983		$1,854,702		$1,675,590		$1,513,094		$1,365,775		$1,232,303		$1,111,449		$1,002,084		$903,167		$813,747

																		CDCF		($3,468,750)		($13,433,673)		($19,591,193)		($24,295,158)		($27,641,994)		($25,209,619)		($22,151,703)		($19,381,603)		($16,873,767)		($14,604,669)		($12,552,686)		($10,697,984)		($9,022,394)		($7,509,300)		($6,143,526)		($4,911,223)		($3,799,774)		($2,797,690)		($1,894,522)		($1,080,776)

																		15-Year NPV @ 12% DR		($6,143,526)

																		20-Year NPV @ 12% DR		($1,080,776)



																		DCF @ 10%		($3,531,818)		($10,330,579)		($6,499,528)		($5,055,515)		($3,662,361)		$2,710,083		$3,468,988		$3,199,619		$2,949,356		$2,717,107		$2,501,799		$2,302,387		$2,117,859		$1,947,245		$1,789,613		$1,644,079		$1,509,803		$1,385,990		$1,271,890		$1,166,799

																		CDCF		($3,531,818)		($13,862,397)		($20,361,925)		($25,417,440)		($29,079,801)		($26,369,718)		($22,900,729)		($19,701,111)		($16,751,755)		($14,034,648)		($11,532,849)		($9,230,463)		($7,112,603)		($5,165,359)		($3,375,746)		($1,731,666)		($221,863)		$1,164,127		$2,436,017		$3,602,816

																		15-Year NPV @ 10% DR		($3,375,746)

																		20-Year NPV @ 10% DR		$3,602,816

																		DCF @ 8%		($3,597,222)		($10,716,735)		($6,867,341)		($5,440,529)		($4,014,263)		$3,025,493		$3,944,440		$3,705,524		$3,478,945		$3,264,345		$3,061,333		$2,869,495		$2,688,396		$2,517,593		$2,356,639		$2,205,087		$2,062,492		$1,928,417		$1,802,434		$1,684,126

																		CDCF		($3,597,222)		($14,313,957)		($21,181,299)		($26,621,827)		($30,636,090)		($27,610,597)		($23,666,157)		($19,960,633)		($16,481,688)		($13,217,344)		($10,156,010)		($7,286,515)		($4,598,120)		($2,080,527)		$276,112		$2,481,199		$4,543,691		$6,472,107		$8,274,541		$9,958,667

																		15-Year NPV @  8% DR		$276,112

																		20-Year NPV @  8% DR		$9,958,667

																		DCF @ 6%		($3,665,094)		($11,124,956)		($7,263,439)		($5,862,902)		($4,407,530)		$3,384,570		$4,495,837		$4,303,212		$4,116,314		$3,935,273		$3,760,170		$3,591,039		$3,427,881		$3,270,664		$3,119,331		$2,973,801		$2,833,977		$2,699,746		$2,570,983		$2,447,554

																		CDCF		($3,665,094)		($14,790,050)		($22,053,489)		($27,916,391)		($32,323,921)		($28,939,351)		($24,443,514)		($20,140,301)		($16,023,987)		($12,088,714)		($8,328,544)		($4,737,505)		($1,309,624)		$1,961,040		$5,080,371		$8,054,172		$10,888,149		$13,587,895		$16,158,878		$18,606,432

																		15-Year NPV @  6% DR		$5,080,371

																		20-Year NPV @  6% DR		$18,606,432

																		DCF @ 5%		($3,700,000)		($11,337,868)		($7,472,949)		($6,089,462)		($4,621,448)		$3,582,638		$4,804,260		$4,642,216		$4,482,885		$4,326,539		$4,173,397		$4,023,638		$3,877,405		$3,734,805		$3,595,919		$3,460,804		$3,329,492		$3,201,998		$3,078,321		$2,958,446

																		CDCF		($3,700,000)		($15,037,868)		($22,510,817)		($28,600,279)		($33,221,727)		($29,639,089)		($24,834,829)		($20,192,613)		($15,709,728)		($11,383,190)		($7,209,793)		($3,186,155)		$691,250		$4,426,054		$8,021,974		$11,482,777		$14,812,269		$18,014,267		$21,092,589		$24,051,035

																		15-Year NPV @  5% DR		$8,021,974

																		20-Year NPV @  5% DR		$24,051,035

																		CDCF $MM		($3.7)		($15.0)		($22.5)		($28.6)		($33.2)		($29.6)		($24.8)		($20.2)		($15.7)		($11.4)		($7.2)		($3.2)		$0.7		$4.4		$8.0		$11.5		$14.8		$18.0		$21.1		$24.1



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	-3.7	-15.037868480725624	-22.51081707650982	-28.600279149639768	-33.221727302935705	-29.639089483545654	-24.834829080109031	-20.192613356563005	-15.709728104504082	-11.383189600891777	-7.2097930394548939	-3.1861549664469142	0.69124954243237569	4.4260543271048949	8.0219736577640628	11.482777338362732	14.81226897929818	18.014267071973343	21.092588542892088	24.051034503757837	



Diesel $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.4771023744345926	2.5232168961826891	2.5684011260932804	2.6127072810945577	2.6561829020376311	2.6988714180802233	2.7408126265318606	2.7820431031260653	2.8225965546534009	2.8625041235444773	2.9017946521630429	2.9404949131312881	2.9786298108702032	3.0162225586290585	3.0532948345481934	3.0898669197095248	3.1259578206497811	3.1615853784195989	3.196766365949574	3.231516575218472	CNG $/DGE	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.84433373999999994	0.85868741358	0.87328509961086009	0.88813094630424483	0.90322917239141709	0.91858406832207129	0.93419999748354665	0.95008139744076703	0.96623278119726019	0.98265873847761376	0.99936393703173332	1.0163531239612729	1.0336311270686147	1.0512028562287812	1.0690733047846706	1.08724755096601	1.1057307593324324	1.1245281822410838	1.1436451613391823	1.1630871290819484	





Price Historical

		Scenario 02: Historical



		Source: US Energy Information Administration (https:/)/www.eia.gov/dnav/ng/hist/n3020il3A.htm																																														Source: US Energy Information Administration (https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=emd_epd2d_pte_r20_dpg&f=a)

				Back to Contents		Data 1: Illinois Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand Cubic Feet)																																												Back to Contents		Data 1: Midwest No 2 Diesel Retail Prices (Dollars per Gallon)

				Sourcekey		N3020IL3																																												Sourcekey		EMD_EPD2D_PTE_R20_DPG

		Obs Nbr		Date		Illinois Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand Cubic Feet)																																										Obs Nbr		Date		Midwest No 2 Diesel Retail Prices (Dollars per Gallon)

		1		1967		0.75																																												1994

		2		1968		0.73																																										1		1995		1.087

		3		1969		0.71																																										2		1996		1.216

		4		1970		0.75																																										3		1997		1.179

		5		1971		0.78																																										4		1998		1.023

		6		1972		0.84																																										5		1999		1.101

		7		1973		0.89																																										6		2000		1.468

		8		1974		1.02																																										7		2001		1.402

		9		1975		1.31																																										8		2002		1.305

		10		1976		1.64																																										9		2003		1.488

		11		1977		1.99																																										10		2004		1.77

		12		1978		2.27																																										11		2005		2.362

		13		1979		2.81																																										12		2006		2.669

		14		1980		3.34																																										13		2007		2.862

		15		1981		3.74																																										14		2008		3.758

		16		1982		4.44																																										15		2009		2.433

		17		1983		4.97																																										16		2010		2.964

		18		1984		4.86																																										17		2011		3.802				1.283

		19		1985		5.03																																										18		2012		3.899				1.026

		20		1986		4.56																																										19		2013		3.903				1.001

		21		1987		4.39																																										20		2014		3.806				0.975

		22		1988		4.19																																										21		2015		2.64				0.694

		23		1989		4.55																																										22		2016		2.259				0.856

		24		1990		4.64																																										23		2017		2.596				1.149

		25		1991		4.56																																										24		2018		3.11				1.198

		26		1992		4.65																																										25		2019				3.989		1.283

		27		1993		5.1																																										26		2020				4.091		1.026

		28		1994		5.12																																										27		2021				4.095		1.001

		29		1995		4.42																																										28		2022				3.993		0.975

		30		1996		4.92																																										29		2023				2.770		0.694

		31		1997		5.43																																										30		2024				2.370		0.856

		32		1998		5.07																																										31		2025				2.724		1.149

		33		1999		5.2																																										32		2026				3.263		1.198

		34		2000		6.9																																										33		2027				4.186		1.283

		35		2001		8.55																																										34		2028				4.293		1.026

		36		2002		7.47		Historical																																								35		2029				4.297		1.001

		37		2003		8.27		111%																																								36		2030				4.190		0.975

		38		2004		9.1		110%																																								37		2031				2.906		0.694

		39		2005		11.2		123%																																								38		2032				2.487		0.856

		40		2006		10.91		97%																																								39		2033				2.858		1.149

		41		2007		10.4		95%																																								40		2034				3.424		1.198

		42		2008		11.7		113%																																								41		2035				4.392		1.283

		43		2009		8.66		74%																																								42		2036				4.504		1.026

		44		2010		8.76		101%																																								43		2037				4.509		1.001

		45		2011		8.27		94%																																								44		2038				4.397		0.975

		46		2012		7.78		94%

		47		2013		7.57		97%

		48		2014		8.86		117%

		49		2015		7.29		82%

		50		2016		7.14		98%

		51		2017		7.78		109%

		52		2018		7.25		93%

		53		2019		8.03		111%

		54		2020		8.83		110%

		55		2021		10.87		123%

		56		2022		10.59		97%

		57		2023		10.09		95%

		58		2024		11.36		113%

		59		2025		8.40		74%

		60		2026		8.50		101%

		61		2027		8.03		94%

		62		2028		7.55		94%

		63		2029		7.35		97%

		64		2030		8.60		117%

		65		2031		7.08		82%

		66		2032		6.93		98%

		67		2033		7.55		109%

		68		2034		7.04		93%

		69		2035		7.79		111%

		70		2036		8.57		110%

		71		2037		10.55		123%

		72		2038		10.28		97%









Actual	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	0.75	0.73	0.71	0.75	0.78	0.84	0.89	1.02	1.31	1.64	1.99	2.27	2.81	3.34	3.74	4.4400000000000004	4.97	4.8600000000000003	5.03	4.5599999999999996	4.3899999999999997	4.1900000000000004	4.55	4.6399999999999997	4.5599999999999996	4.6500000000000004	5.0999999999999996	5.12	4.42	4.92	5.43	5.07	5.2	6.9	8.5500000000000007	7.47	8.27	9.1	11.2	10.91	10.4	11.7	8.66	8.76	8.27	7.78	7.57	8.86	7.29	7.14	7.78	7.25	Forecast	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	8.0264390896921025	8.8319946452476579	10.870147255689426	10.58868808567604	10.093708165997326	11.355421686746991	8.4049531459170037	8.5020080321285167	8.0264390896921043	7.5508701472556927	7.3470548862115157	8.5990629183400298	7.0753012048192803	6.9297188755020107	7.5508701472556936	7.0364792503346756	7.7900513253370507	8.5718823531520147	10.55000905003325	10.276839172844889	Actual	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	1.087	1.216	1.179	1.0229999999999999	1.101	1.468	1.4019999999999999	1.3049999999999999	1.488	1.77	2.3620000000000001	2.669	2.8620000000000001	3.758	2.4329999999999998	2.964	3.802	3.899	3.903	3.806	2.64	2.2589999999999999	2.5960000000000001	3.11	Forecast	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	3.9892780026990553	4.0910560053981104	4.0952530364372466	3.9934750337381915	2.7700404858299592	2.3702732793522263	2.7238731443994602	3.2631916329284749	4.1857809002679023	4.2925722593752109	4.2969760267610795	4.1901846676537708	2.9064864746731356	2.4870276311691715	2.8580450334285836	3.4239291425126712	4.3919630903620703	4.5040147525833012	4.5086354396852082	4.3965837774639773	

Power Curve

										a		b

		Scenario 3: Regression Based Forecast (Y = a*X^b)								0.28622643732176500000		0.88231091504211200000																Scenario 3: Regression Based Forecast (Y = a*X^b)										a		b

																																						0.72299139613575400000		0.47029113928048500000

		Source: US Energy Information Administration (https:/)/www.eia.gov/dnav/ng/hist/n3020il3A.htm																										Source: US Energy Information Administration (https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=emd_epd2d_pte_r20_dpg&f=a)

				Back to Contents		Data 1: Illinois Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand Cubic Feet)																								Back to Contents		Data 1: Midwest No 2 Diesel Retail Prices (Dollars per Gallon)

				Sourcekey		N3020IL3																								Sourcekey		EMD_EPD2D_PTE_R20_DPG

		Obs Nbr		Date		Illinois Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand Cubic Feet)		Forecast																				Obs Nbr		Date		Midwest No 2 Diesel Retail Prices (Dollars per Gallon)		Forecast

		1		1967		0.75		0.286																						1994

		2		1968		0.73		0.528																				1		1995		1.087		0.723

		3		1969		0.71		0.755																				2		1996		1.216		1.002

		4		1970		0.75		0.973																				3		1997		1.179		1.212

		5		1971		0.78		1.184																				4		1998		1.023		1.388

		6		1972		0.84		1.391																				5		1999		1.101		1.541

		7		1973		0.89		1.593																				6		2000		1.468		1.679

		8		1974		1.02		1.793																				7		2001		1.402		1.805

		9		1975		1.31		1.989																				8		2002		1.305		1.922

		10		1976		1.64		2.183																				9		2003		1.488		2.032

		11		1977		1.99		2.374																				10		2004		1.77		2.135

		12		1978		2.27		2.564																				11		2005		2.362		2.233

		13		1979		2.81		2.751																				12		2006		2.669		2.326

		14		1980		3.34		2.937																				13		2007		2.862		2.416

		15		1981		3.74		3.122																				14		2008		3.758		2.501

		16		1982		4.44		3.305																				15		2009		2.433		2.584

		17		1983		4.97		3.486																				16		2010		2.964		2.663

		18		1984		4.86		3.666																				17		2011		3.802		2.740

		19		1985		5.03		3.846																				18		2012		3.899		2.815

		20		1986		4.56		4.024																				19		2013		3.903		2.887

		21		1987		4.39		4.201																				20		2014		3.806		2.958

		22		1988		4.19		4.377																				21		2015		2.64		3.027

		23		1989		4.55		4.552																				22		2016		2.259		3.094

		24		1990		4.64		4.726																				23		2017		2.596		3.159

		25		1991		4.56		4.899																				24		2018		3.11		3.223		% Growth

		26		1992		4.65		5.072																				25		2019				3.285		1.019

		27		1993		5.1		5.243																				26		2020				3.346		1.019

		28		1994		5.12		5.414																				27		2021				3.406		1.018

		29		1995		4.42		5.585																				28		2022				3.465		1.017

		30		1996		4.92		5.754																				29		2023				3.523		1.017

		31		1997		5.43		5.923																				30		2024				3.579		1.016

		32		1998		5.07		6.091																				31		2025				3.635		1.016

		33		1999		5.2		6.259																				32		2026				3.690		1.015

		34		2000		6.9		6.426																				33		2027				3.743		1.015

		35		2001		8.55		6.593																				34		2028				3.796		1.014

		36		2002		7.47		6.759																				35		2029				3.849		1.014

		37		2003		8.27		6.924																				36		2030				3.900		1.013

		38		2004		9.1		7.089																				37		2031				3.950		1.013

		39		2005		11.2		7.253																				38		2032				4.000		1.013

		40		2006		10.91		7.417																				39		2033				4.049		1.012

		41		2007		10.4		7.580																				40		2034				4.098		1.012

		42		2008		11.7		7.743																				41		2035				4.146		1.012

		43		2009		8.66		7.906																				42		2036				4.193		1.011

		44		2010		8.76		8.068																				43		2037				4.240		1.011

		45		2011		8.27		8.229																				44		2038				4.286		1.011

		46		2012		7.78		8.390

		47		2013		7.57		8.551

		48		2014		8.86		8.711

		49		2015		7.29		8.871

		50		2016		7.14		9.031

		51		2017		7.78		9.190

		52		2018		7.25		9.349		% Increase

		53		2019				9.507		1.017

		54		2020				9.665		1.017

		55		2021				9.823		1.016

		56		2022				9.981		1.016

		57		2023				10.138		1.016

		58		2024				10.294		1.015

		59		2025				10.451		1.015

		60		2026				10.607		1.015

		61		2027				10.763		1.015

		62		2028				10.918		1.014

		63		2029				11.074		1.014

		64		2030				11.229		1.014

		65		2031				11.383		1.014

		66		2032				11.538		1.014

		67		2033				11.692		1.013

		68		2034				11.845		1.013

		69		2035				11.999		1.013

		70		2036				12.152		1.013

		71		2037				12.305		1.013

		72		2038				12.458		1.012









Actual	

1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	0.75	0.73	0.71	0.75	0.78	0.84	0.89	1.02	1.31	1.64	1.99	2.27	2.81	3.34	3.74	4.4400000000000004	4.97	4.8600000000000003	5.03	4.5599999999999996	4.3899999999999997	4.1900000000000004	4.55	4.6399999999999997	4.5599999999999996	4.6500000000000004	5.0999999999999996	5.12	4.42	4.92	5.43	5.07	5.2	6.9	8.5500000000000007	7.47	8.27	9.1	11.2	10.91	10.4	11.7	8.66	8.76	8.27	7.78	7.57	8.86	7.29	7.14	7.78	7.25	Forecast	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	9.5072992785932673	9.6653963602795745	9.8231492352287209	9.9805648915770693	10.137650053433994	10.294411195311216	10.450854555528545	10.606986148684697	10.76281177727294	10.918337042513199	11.073567354465283	11.228507941481622	11.383163859052219	11.537539998089699	11.691641092697832	11.845471727462922	11.999036344303985	12.152339248914449	12.305384616825103	12.458176499115741	Actual	

1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	1.087	1.216	1.179	1.0229999999999999	1.101	1.468	1.4019999999999999	1.3049999999999999	1.488	1.77	2.3620000000000001	2.669	2.8620000000000001	3.758	2.4329999999999998	2.964	3.802	3.899	3.903	3.806	2.64	2.2589999999999999	2.5960000000000001	3.11	Forecast	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	3.2852765095011622	3.3464362567160841	3.4063621970636437	3.4651235836556036	3.5227834679197154	3.579399448118032	3.6350243057453664	3.6897065496560146	3.7434908837461065	3.7964186109092113	3.8485279835571298	3.899854509090642	3.9504312171939899	4.000288894621618	4.049456292177676	4.0979603078065905	4.1458261490772088	4.1930774778232784	4.239736539275941	4.2858242776712574	

Loc Conv Schedule

		Orig Year		Year 1								Year 2								Year 3								Year 4

		Per Overview		Year 3								Year 4								Year 5								Year 6								Year 5

		Locomotive Conversions		Q1		Q2		Q3		Q4		Q1		Q2		Q3		Q4		Q1		Q2		Q3		Q4		Q1		Q2		Q3		Q4		Q1		Q2		Q3				Year		Sked		F59/F59PHI		MP36		Total

		Unit 1																																										Year 3		11		6		5		11

		Unit 2																																										Year 4		12		7		5		12

		Unit 3																																										Year 5		13		8		5		13

		Unit 4																																										Year 6		2		1		1		2

		Unit 5

		Unit 6																																										Total		38		22		16		38

		Unit 7

		Unit 8

		Unit 9																																										Number of Units		Units		%

		Unit 10																																										F59/F59PHI		22		58%

		Unit 11																																										MP36		16		42%

		Unit 12

		Unit 13

		Unit 14																																										Source: LTK (CNG conversion timeline 053019.xlsx)

		Unit 15

		Unit 16

		Unit 17

		Unit 18

		Unit 19

		Unit 20

		Unit 21

		Unit 22

		Unit 23

		Unit 24

		Unit 25

		Unit 26

		Unit 27

		Unit 28

		Unit 29

		Unit 30

		Unit 31

		Unit 32

		Unit 33

		Unit 34

		Unit 35

		Unit 36

		Unit 37

		Unit 38
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Avg Prices

																																								Source: US Department of Energy, Alternative Fuels Data Center (https://afdc.energy.gov/fuels/prices.html)



										NOTE: DATA IS QUARTERLY										Data Converted to Annual Averages

		Diesel GGE Conversion								$/DGE																														Average U.S. Retail Fuel Prices per Gasoline Gallon Equivalent (GGE)

				BTU Per GAL				Survey Start Date		Obs		Diesel		CNG						Obs		Year		Avg Diesel		Avg CNG		Diff												Survey Start Date		Gasoline		E85		CNG		LNG		Propane**		Diesel		B20		B2/B5		B99/B100		Electricity*

		Gasoline (BTU/GGE)		120,429				4/10/00		1		$1.47		$1.02						1		2000		$1.57		$1.09		$0.48												4/10/00		$1.52		$1.80		$0.89				$1.62		$1.29								$0.81

		Diesel (BTU/DGE)		137,381				10/9/00		2		$1.66		$1.16						2		2001		$1.46		$1.42		$0.04												10/9/00		$1.54		$1.90		$1.02				$1.76		$1.46								$0.84

		GGE/DGE		1.141				6/4/01		3		$1.56		$1.48						3		2002		$1.36		$1.29		$0.07												6/4/01		$1.68		$1.85		$1.30				$1.72		$1.37								$0.90

								10/22/01		4		$1.36		$1.36						4		2003		$1.62		$1.45		$0.17												10/22/01		$1.27		$1.60		$1.19				$1.62		$1.19		$1.35						$0.88

								2/11/02		5		$1.19		$1.24						5		2004		$1.88		$1.66		$0.22												2/11/02		$1.11		$1.54		$1.09				$1.62		$1.04		$1.18						$0.81

								4/15/02		6		$1.36		$1.22						6		2005		$2.60		$2.10		$0.50												4/15/02		$1.40		$1.80		$1.07				$1.95		$1.19		$1.28						$0.83

								7/22/02		7		$1.35		$1.37						7		2006		$2.80		$2.15		$0.65												7/22/02		$1.41		$1.81		$1.20				$1.55		$1.18		$1.39						$0.87

								10/28/02		8		$1.54		$1.33						8		2007		$2.99		$2.21		$0.78												10/28/02		$1.44		$1.71		$1.17				$1.66		$1.35		$1.47						$0.84

								2/3/03		9		$1.71		$1.37						9		2008		$4.06		$2.37		$1.69												2/3/03		$1.61		$1.86		$1.20				$2.09		$1.50		$1.57						$0.79

								12/1/03		10		$1.53		$1.54						10		2009		$2.57		$1.96		$0.61												12/1/03		$1.48		$1.70		$1.35				$2.21		$1.34		$1.60						$0.82

								3/3/04		11		$1.68		$1.60						11		2010		$3.05		$2.16		$0.88												3/3/04		$1.74		$1.84		$1.40				$2.48		$1.47		$1.61						$0.85

								6/14/04		12		$1.76		$1.60						12		2011		$3.90		$2.32		$1.57												6/14/04		$1.99		$2.28		$1.40				$2.13		$1.55		$1.89						$0.92

								11/15/04		13		$2.20		$1.78						13		2012		$4.05		$2.39		$1.66												11/15/04		$1.97		$2.30		$1.56				$2.91		$1.93		$2.05						$0.89

								3/21/05		14		$2.31		$1.78						14		2013		$4.03		$2.40		$1.63												3/21/05		$2.11		$2.29		$1.56				$2.65		$2.03		$2.11						$0.88

								9/1/05		15		$2.89		$2.42						15		2014		$3.98		$2.44		$1.53												9/1/05		$2.77		$3.21		$2.12				$3.50		$2.54		$2.67		$2.54		$3.30		$0.98

								1/1/06		16		$2.64		$2.27						16		2015		$2.91		$2.40		$0.52												1/1/06		$2.23		$2.65		$1.99				$2.71		$2.32		$2.42		$2.23		$3.14		$0.95

								5/24/06		17		$3.07		$2.17						17		2016		$2.36		$2.34		$0.02												5/24/06		$2.84		$3.24		$1.90				$2.85		$2.69		$2.68		$2.69		$3.65		$1.05

								9/4/06		18		$2.70		$2.02						18		2017		$2.63		$2.45		$0.19												9/4/06		$2.22		$2.81		$1.77				$3.18		$2.37		$2.43		$2.49		$3.21		$1.08

								2/21/07		19		$2.71		$2.21						19		2018		$3.20		$2.50		$0.70												2/21/07		$2.30		$2.79		$1.94				$3.58		$2.37		$2.32		$2.36		$3.22		$0.98

								7/3/07		20		$3.05		$2.39						20		2019		$3.02		$2.50		$0.52												7/3/07		$3.03		$3.50		$2.10				$3.53		$2.67		$2.71		$2.57		$3.17		$1.10

								10/2/07		21		$3.20		$2.02						21		2020		$2.98		$2.50		$0.48				0.48		0.0000						10/2/07		$2.76		$3.20		$1.77				$3.75		$2.81		$2.82		$2.71		$3.28		$1.07

								1/21/08		22		$3.48		$2.20						22		2021		$2.54		$2.50		$0.04				0.04		0.0000						1/21/08		$2.99		$3.55		$1.93				$4.31		$3.05		$3.08		$2.98		$3.63		$1.01

								4/1/08		23		$4.23		$2.33						23		2022		$2.57		$2.50		$0.07				0.07		0.0000						4/1/08		$3.43		$4.06		$2.04				$4.36		$3.71		$3.63		$3.59		$4.24		$1.08

								7/21/08		24		$4.81		$2.67						24		2023		$2.66		$2.50		$0.17				0.17		0.0000						7/21/08		$3.91		$4.62		$2.34				$4.34		$4.22		$4.25		$4.21		$4.81		$1.19

								10/2/08		25		$3.73		$2.29						25		2024		$2.72		$2.50		$0.22				0.22		-0.0000						10/2/08		$3.04		$3.99		$2.01				$4.67		$3.27		$3.69		$3.45		$4.59		$1.17

								1/12/09		26		$2.50		$1.86						26		2025		$3.00		$2.50		$0.50				0.50		0.0000						1/12/09		$1.86		$2.56		$1.63				$3.77		$2.19		$2.43		$2.20		$3.42		$1.11

								4/1/09		27		$2.33		$1.87						27		2026		$3.15		$2.50		$0.65				0.65		0.0000						4/1/09		$2.02		$2.66		$1.64				$3.56		$2.04		$2.27		$2.05		$3.22		$1.14

								7/20/09		28		$2.59		$1.97						28		2027		$3.27		$2.50		$0.78				0.78		0.0000						7/20/09		$2.44		$3.01		$1.73				$3.43		$2.27		$2.45		$2.29		$3.03		$1.19

								10/16/09		29		$2.85		$2.12						29		2028		$4.19		$2.50		$1.69				1.69		0.0000						10/16/09		$2.64		$3.21		$1.86				$3.72		$2.50		$2.63		na		$3.14		$1.12

								1/19/10		30		$2.93		$2.11						30		2029		$3.11		$2.50		$0.61				0.61		0.0000						1/19/10		$2.65		$3.36		$1.85				$4.13		$2.57		$2.70		na		$3.54		$1.08

								4/2/10		31		$3.09		$2.17						31		2030		$3.38		$2.50		$0.88				0.88		0.0000						4/2/10		$2.84		$3.42		$1.90				$3.99		$2.71		$2.85		na		$3.52		$1.16

								7/12/10		32		$3.02		$2.18		$0.84				32		2031		$4.07		$2.50		$1.57				1.57		0.0000						7/12/10		$2.71		$3.25		$1.91				$4.01		$2.65		$2.79		na		$3.69		$1.19

								10/4/10		33		$3.14		$2.20		$0.94				33		2032		$4.16		$2.50		$1.66				1.66		0.0000						10/4/10		$2.78		$3.45		$1.93				$3.93		$2.75		$2.86		na		$3.76		$1.18

								1/24/11		34		$3.52		$2.20		$1.32				34		2033		$4.13		$2.50		$1.63				1.63		0.0000						1/24/11		$3.08		$3.89		$1.93				$4.22		$3.09		$3.19		na		$3.99		$1.10

								4/1/11		35		$4.13		$2.35		$1.78				35		2034		$4.03		$2.50		$1.53				1.53		0.0000						4/1/11		$3.69		$4.52		$2.06				$4.41		$3.62		$3.69		na		$4.26		$1.18

								7/14/11		36		$4.04		$2.36		$1.68				36		2035		$3.01		$2.50		$0.52				0.52		0.0000						7/14/11		$3.68		$4.60		$2.07				$4.26		$3.54		$3.67		na		$4.13		$1.20

								9/30/11		37		$3.90		$2.38		$1.52				37		2036		$2.52		$2.50		$0.02				0.02		0.0000						9/30/11		$3.46		$4.51		$2.09				$4.23		$3.42		$3.57		na		$4.12		$1.20

								1/13/12		38		$3.95		$2.43		$1.52				38		2037		$2.68		$2.50		$0.19				0.19		0.0000						1/13/12		$3.37		$4.44		$2.13				$4.26		$3.46		$3.61		na		$4.14		$1.14

								3/30/12		39		$4.21		$2.37		$1.84				39		2038		$3.20		$2.50		$0.70				0.70		0.0000						3/30/12		$3.89		$4.90		$2.08				$4.02		$3.69		$3.82		na		$4.29		$1.18

								7/13/12		40		$3.83		$2.34		$1.49				40		2039		$3.02		$2.50		$0.52				0.52		0.0000						7/13/12		$3.52		$4.58		$2.05				$3.64		$3.36		$3.50		na		$4.16		$1.19

								9/28/12		41		$4.22		$2.42		$1.80																								9/28/12		$3.82		$4.91		$2.12				$3.54		$3.70		$3.82		na		$4.32		$1.19

								1/10/13		42		$4.05		$2.40		$1.65																								1/10/13		$3.29		$4.48		$2.10				$3.70		$3.55		$3.70		na		$4.37		$1.14

								3/29/13		43		$4.08		$2.40		$1.69																								3/29/13		$3.59		$4.66		$2.10				$3.77		$3.58		$3.75		na		$4.23		$1.18

								7/12/13		44		$3.99		$2.44		$1.55																								7/12/13		$3.65		$4.57		$2.14				$3.77		$3.50		$3.55		na		$4.13		$1.25

								10/4/13		45		$4.00		$2.38		$1.62																								10/4/13		$3.45		$4.30		$2.09				$4.09		$3.51		$3.67		na		$4.12		$1.22

								1/1/14		46		$3.98		$2.38		$1.60																								1/1/14		$3.34		$4.29		$2.09				$4.31		$3.49		$3.62		na		$4.22		$1.15

								4/1/14		47		$4.06		$2.45		$1.61																								4/1/14		$3.65		$4.82		$2.15				$4.57		$3.56		$3.66		na		$4.17		$1.19

								7/1//14		48		$4.00		$2.48		$1.53																								7/1//14		$3.70		$4.56		$2.17				$4.24		$3.51		$3.63		na		$4.18		$1.19

								10/1/14		49		$3.86		$2.46		$1.39																								10/1/14		$3.34		$4.07		$2.16				$4.25		$3.38		$3.48		na		$4.15		$1.24

								1/1/15		50		$3.14		$2.41		$0.73																								1/1/15		$2.30		$3.12		$2.11				$4.04		$2.75		$2.90		na		$3.96		$1.27

								4/1/15		51		$2.92		$2.38		$0.54																								4/1/15		$2.42		$2.77		$2.09				$4.01		$2.56		$2.62		na		$3.69		$1.28

								7/1/15		52		$2.98		$2.42		$0.56																								7/1/15		$2.82		$3.07		$2.12				$3.97		$2.61		$2.63		na		$3.48		$1.29

								10/1/15		53		$2.62		$2.38																										10/1/15		$2.35		$2.84		$2.09				$3.97		$2.30		$2.39		na		$3.33		$1.24

								1/1/16		54		$2.27		$2.38																										1/1/16		$1.98		$2.42		$2.09				$3.91		$1.99		$2.17		na		$3.15		$1.21

								4/1/16		55		$2.17		$2.30																										4/1/16		$2.06		$2.39		$2.02				$3.79		$1.90		$2.01		na		$2.76		$1.25

								7/1/16		56		$2.50		$2.34																										7/1/16		$2.26		$2.59		$2.05		$2.41		$3.79		$2.19		$2.28		na		$2.97		$1.27

								10/1/16		57		$2.52		$2.35																										10/1/16		$2.22		$2.51		$2.06		$2.43		$3.67		$2.21		$2.21		na		$3.12		$1.26

								1/1/17		58		$2.62		$2.41																										1/1/17		$2.32		$2.65		$2.11		$2.53		$3.84		$2.30		$2.32		na		$2.99		$1.21

								4/1/17		59		$2.59		$2.45																										4/1/17		$2.38		$2.74		$2.15		$2.52		$3.87		$2.27		$2.24		na		$3.03		$1.25

								7/1/17		60		$2.51		$2.45																										7/1/17		$2.26		$2.58		$2.15		$2.52		$3.89		$2.20		$2.24		na		$3.15		$1.31

								10/1/17		61		$2.81		$2.48																										10/1/17		$2.49		$2.73		$2.17		$2.60		$3.82		$2.46		$2.41		na		$3.31		$1.26

								1/1/18		62		$3.00		$2.48																										1/1/18		$2.50		$2.68		$2.17		$2.66		$3.88		$2.63		$2.55		na		$3.41		$1.21

								4/1/18		63		$3.08		$2.49																										4/1/18		$2.67		$2.87		$2.18		$2.57		$3.87		$2.70		$2.59		na		$3.39		$1.21

								7/1/18		64		$3.30		$2.53																										7/1/18		$2.88		$3.05		$2.22		$2.60		$3.85		$2.89		$2.75		na		$3.48		$1.34

								10/1/18		65		$3.41		$2.50																										10/1/18		$2.91		$3.10		$2.19		$2.64		$3.93		$2.99		$2.78		na		$3.57		$1.28

								1/1/19		66		$3.02		$2.50																										1/1/19		$2.27		$2.59		$2.19		$2.71		$3.99		$2.65		$2.52		na		$3.50		$1.25

										67		$3.34		$2.50		$0.84

										68		$3.43		$2.50		$0.94

										69		$3.82		$2.50		$1.32																								Data Sources: 

										70		$4.28		$2.50		$1.78																								Clean Cities Alternative Fuel Price Reports, (http://www.afdc.energy.gov/fuels/prices.html)

										71		$4.18		$2.50		$1.68																								Electricity prices are taken from EIA's Real Prices Viewer (http://www.eia.gov/forecasts/steo/realprices/). 

										72		$4.02		$2.50		$1.52																								Notes:

										73		$4.02		$2.50		$1.52																								*Electricity prices are reduced by a factor of 3.4 because electric motors are 3.4 times as efficient (on a BTU basis) as internal combustion engines. Efficiency adjustments were not made for other fuels because they are much smaller and inconsistent. Residential electricity prices were used because most recharging events occur at home. Residential real prices were converted to $/GGEs at a conversion of 33.7 kWh per GGE (per AFDC www.afdc.energy.gov/fuels/fuel_properties.php), then adjusted for efficiency because electric vehicles are 3.4 times as efficient as internal combustion engines (per GREET 1 2012 rev2 http://greet.es.anl.gov/)

										74		$4.33		$2.50		$1.84																								**Propane prices reflect the weighted average of "primary" and "secondary" stations. Primary stations have dedicated vehicle services and tend to be less expensive. Secondary stations are priced for the tanks and bottles market, and tend to be more expensive. Secondary stations are over-represented in the above chart because they comprise only 56% of the propane stations registered in the AFDC but approximately 75% of the stations in the price report.

										75		$3.99		$2.50		$1.49																								For data collection methodology, please see the actual price report.

										76		$4.30		$2.50		$1.80																								The number of stations surveyed, and therefore the quality of the data, increase throughout time.  The most notable increase was for the 9/1/05 report.

										77		$4.15		$2.50		$1.65																								CNG, Propane, E85, and B20 prices were median prices before 9/1/05 and mean prices after this date.

										78		$4.19		$2.50		$1.69																								Starting in the 9/1/05 issue, prices were averaged over longer periods (generally 1 month rather than 1 week).

										79		$4.05		$2.50		$1.55																								Worksheet available at www.afdc.energy.gov/data/

										80		$4.12		$2.50		$1.62																								Last updated 03/18/2019

										81		$4.10		$2.50		$1.60

										82		$4.11		$2.50		$1.61

										83		$4.03		$2.50		$1.53

										84		$3.89		$2.50		$1.39

										85		$3.23		$2.50		$0.73

										86		$3.03		$2.50		$0.54

										87		$3.06		$2.50		$0.56









U.S. Average Retail Fuel Prices
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Cost per GGE
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CNG Natural Gas Bill November 2018

The DGE used from Fleet Watch for November is 103,190.8 DGE.

Mansfield Power & Gas Natural gas cost for November is $53,731.12

Nicor Invoice cost for November is $16,920.81

Com Ed cost for November is $7,214.84

CNG Station maintenance cost for November is $8,589.24

The total cost per DGE for November 2018 is $0.8302.
Mansfield Power & Gas

Natural gas cost per DGE = $0.5206
Nicor Invoice cost per DGE = $0.1639
Electric cost per DGE = $0.0625
CNG station maint. cost per DGE = $0.0832

$0.8302

The average price of Diesel fuel for November 2018 was $2.28 per gallon.
This is $1.45 savings per DGE over diesel fuel.

$1.45 X 103,190.8 = $149,626.66 savings for November 2018.

Total savings in 2018 thru November §1,958,059.93
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