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COUNTY OF MILWAUKEE
INTEROFFICE COMMUNICATION


DATE:	November 8, 2016

TO:	Supervisor Michael Mayo, Sr., Chairman, Transportation, Public Works and Transit Committee 

FROM:	Brian Dranzik, Director, Department of Transportation

SUBJECT:	Alternative Fuels Analysis for Transit

POLICY

In December 2015, the Milwaukee County Department of Transportation (MCDOT) contracted with M.J. Bradley and Associates LLC to determine if alternative fuel choices would be advantageous for the Milwaukee County Transit System (MCTS) in terms of fiscal, operational, and environmental sustainability. 

BACKGROUND

Due to U.S. Environmental Protection Agency (EPA) regulations, new diesel engines have gotten significantly cleaner in the last 10 years.  In addition, new technologies are available that can reduce fuel consumption by traditional diesel buses; some of which are already being included on new MCTS buses. 

Nonetheless, various “alternative” fuels and technologies have the potential to further reduce exhaust emissions, such as nitrogen oxides (NOx) and particulate matter (PM), which contribute to poor air quality in urban areas.  

MCDOT commissioned this study to evaluate cost-conscious and realistic, commercially available options for transitioning the bus fleet from diesel to more environmentally-friendly options.  The analysis compared both the cost and the potential environmental benefits of alternative fuels and technologies to an option in which MCTS continues to utilize new diesel buses to replace older buses that are retired at the end of useful life.

Fuels and Technology

After an initial screening of commercially available options including Compressed Natural Gas (CNG), Diesel Hybrid Electric (Hybrid), Low NOx Natural Gas, Battery Electric and Fuel Cell Engines, MCDOT decided to evaluate costs and benefits of complete fleet conversion to CNG buses or Hybrid buses.  Both of these options are technically and commercially mature, with over 15 years’ experience of deployment in the transit industry. The other options were screened out due to limited information on fuel and vehicle availability, as well as operational capabilities.   

Another option considered was Battery Electric buses; this technology is technically and commercially emerging, with only a few years’ experience of limited deployment in transit.  MCDOT determined that this technology is not ready for full fleet deployment due to its high cost and limited range per charge, but it was considered for partial deployment on the proposed East-West Bus Rapid Transit (BRT) alignment. 

Methodology

This analysis was based on review of MCTS bus mileage, fueling, maintenance, and bus purchase records for the current diesel fleet. Projected bus purchase and maintenance costs, and projected fuel use, for CNG and Hybrid buses were based on a literature review and consultant experience.   

Projected fuel costs were based on current MCTS costs (diesel) and current tariff rates from the local utility (natural gas, electricity), escalated in future years based on the latest cost projections from the U.S. Energy Information Administration.

Conversion of the fleet to CNG buses would require installation of new CNG fueling infrastructure at MCTS garages, as well as upgrade of the garages and maintenance facilities to safely accommodate CNG buses.  Necessary upgrades include installation of methane detection (to detect natural gas fuel leaks), removal of electrical equipment  at ceiling level (to remove ignition sources where leaking gas would collect) and upgrade of building ventilation (to remove leaked gas).  Hybrid buses would require more modest garage upgrades – to install equipment that would allow mechanics to safety work on roof-mounted battery packs. This includes raised platforms, ceiling mounted lifting equipment, and fall protection at one or more pit locations in each garage.

Projected annual fleet emissions of greenhouse gases (GHG), include emissions from the vehicle tailpipe, as well as “upstream” emissions from production and transport of the fuel used.  GHG emissions include carbon dioxide (CO2) as well as methane (CH4) and nitrous oxide (N2O).  CO2 is the main greenhouse gas produced by vehicles formed from the combustion of fossil fuels.  Combustion also produces small amounts of N2O.  CH4 emissions are primarily fuel leakage throughout the natural gas supply chain.  Projected annual fleet emissions of nitrogen oxides (NOx) and particulate matter (PM) focus on local “tailpipe” emissions which have the greatest effect on local air quality. 

Results - Fleet Costs and Emissions

[bookmark: _Toc451868586]The bus purchase and maintenance cost assumptions used in the analysis are shown in Table 1.   Bus purchase costs are based on recent (2015) purchases by Milwaukee County (diesel buses), and data in the APTA Public Transportation Vehicle Database on recent (2013 -2014) bus purchases by other agencies (CNG and hybrid buses).  Diesel bus maintenance costs ($/mi) are average 2015 costs per MCTS.  Both CNG and Hybrid buses are conservatively estimated to have 5% higher base maintenance costs than diesel buses, based on consultant experience and review of recent maintenance cost data from other agencies

[bookmark: _Toc451868588]Table 1. Bus Technology Cost Assumptions 
	TOTAL COST (nominal $ millions)
	
	

	COST PARAMETER
	DIESEL
	HYBRID
	CNG

	2017-2030 Bus Purchase*
	$222.7 
	$316.5 
	$239.1 

	2017-2030 Maintenance Cost **
	$246.7 
	$264.9 
	$253.3 

	2017-2030 Fueling Cost
	$166.2 
	$150.1 
	$114.9 

	2017-2030 Infrastructure Cost
	 
	$3.0 
	$33.6 

	2017-2030 Station Cost
	 
	 
	$12.7 

	TOTAL
	$635.57 
	$734.50 
	$653.56 


*Diesel ($475,000), Hybrid ($675,000), CNG ($510,000)
** Hybrid bus maintenance costs reflect a need to replace the hybrid battery pack at mid-life, at a cost of $45,000.

Table 2. Summary of Projected Fleet Costs, 2017 - 2030
	
	TOTAL FLEET COSTS 2016-2030
	FLEET COSTS IN 2030

	
	TOTAL ($ million)
	AVERAGE PER YEAR ($ million)
	AVERAGE PER MILE ($/mile)
	TOTAL ($ million)
	AVERAGE PER MILE ($/mile)

	DIESEL (baseline)
	$635.57
	$42.37
	$2.32
	$46.44
	$2.54

	HYBRID 
	$734.50
	$48.97
	$2.68
	$52.06
	$2.85

	CNG 
	$653.56
	$43.57
	$2.38
	$39.94
	$2.18

	Difference from Baseline
	
	
	
	
	

	∆ HYBRID 
	$98.93
	$6.60
	$0.36
	$5.62
	$0.31

	∆ CNG 
	$17.99
	$1.20
	$0.07
	-$6.49
	-$0.36



As shown in Table 1 and Table 2, projected baseline (diesel) fleet costs for bus purchase, maintenance, and fuel total $635.6 million from 2017 – 2030, an average of $42.4 million per year and $2.32 per bus-mile.    Over the next 15 years, conversion of the fleet to CNG buses would require an additional $18 million, primarily for investments in necessary fueling infrastructure and garage upgrades.   However, after full fleet conversion to CNG buses annual costs are projected to be more than $6 million less than costs for continued use of diesel buses as a result of significantly lower projected fuel costs for CNG buses compared to diesel buses.

Conversion of the fleet to Hybrid buses would require an additional $99 million over the next 15 years, primarily for the incremental purchase cost of hybrids compared to diesel buses.  After full fleet conversion to Hybrid buses annual costs are projected to be almost $6 million more than costs for continued use of diesel buses.  Hybrid buses are projected to use less fuel than diesel buses, and therefore to have lower fuel costs, but the savings does not outweigh the increased purchase cost for Hybrid buses compared to diesel buses.

Even under the baseline scenario of remaining with diesel buses, emissions of GHG are projected to decrease by 19% between now and 2030, and annual fleet tailpipe emissions of NOx and PM is projected to be reduced by more than 85%, as older diesel buses are replaced with cleaner, more efficient new diesel buses.

Conversion of the fleet to CNG buses is projected to result in slightly higher GHG emissions and slightly higher tailpipe NOx and PM emissions than continued use of diesel buses.  Conversion of the fleet to Hybrid buses is projected to reduce GHG emissions by about 20% compared to continued use of diesel buses, and to reduce tailpipe NOx and PM emissions by a moderate amount.

[bookmark: _Toc451868571]Figure 1.  Projected Annual Fleet GHG Emissions (tons)
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Conclusion

This analysis indicates that over the next 15 years there will be dramatic reductions in annual NOx and PM emissions, and significant reductions in annual GHG emissions from the MCTS fleet, even if Milwaukee County continues to buy diesel buses.  This will result from replacement of older buses with cleaner, more efficient buses that incorporate engines that meet stringent EPA emission standards and which incorporate new engine and transmission technologies to reduce fuel use.  

This analysis indicates that conversion of the fleet to CNG buses will not produce significant environmental benefits compared to continued operation of diesel buses, either with respect to local air quality (NOx and PM) or climate (GHGs).  However, conversion of the fleet to CNG buses could provide long-term life cycle cost reductions of 6% or more, after an initial up-front net investment of up to $46 million in capital costs for garage upgrades.

By comparison, conversion to hybrid-electric buses will produce meaningful reductions in GHG emissions to support climate action, and more modest reductions in NOx and PM to support efforts to improve local air quality.  However, conversion of the fleet to hybrid buses will require a net investment of approximately $99 million over the next 15 years, and these buses will have continuing life cycle costs approximately 14% higher than projected costs for diesel buses. The net investment and higher life cycle costs are primarily the result of high purchase costs for hybrid buses.

Any decision to move the MCTS fleet toward CNG or hybrid buses should balance Milwaukee County’s environmental goals and the fiscal realities of the marketplace. Expected significant emissions reductions that can still be achieved by replacing older buses in the fleet with new diesel buses. Ultimately, Hybrid buses will provide greater environmental benefits while CNG will produce operational savings due to lower, more stable fuel prices. 

If a decision is made to move toward CNG conversion to realize long-term cost savings, or toward hybrid conversion to realize GHG reductions, the next steps should:

1.	Identify state and federal funding sources that could be used to offset the necessary investment in fueling infrastructure and garage modifications (CNG) or incremental bus purchase costs (hybrid). 
2.	Complete a code review of existing facilities to identify necessary upgrades for safe operation of CNG buses, to refine the preliminary garage modification cost estimates included here.
3.	Create a phasing plan for one-by-one conversion of existing garages to CNG operation.  For example, CNG conversion of the Kinnickinnic garage is the most constrained site; installation of a CNG fueling station at Kinnickinnic may require acquisition of additional adjacent land, or downsizing of the facility to house fewer buses, in order to create the necessary space for CNG fueling.
4. 	Develop a training program related to high voltage safety for bus mechanics.
  
RECOMMENDATION

This Report is for Informational Purposes Only.


Prepared by:    John Rodgers, Sr. Manager Grants Compliance, Department of Transportation

Approved by:




__________________________________		
  Brian Dranzik					
  Director, Department of Transportation		

cc:	Chris Abele, County Executive
	Supervisor Theodore Lipscomb Sr., Chairman, County Board of Supervisors
Raisa Koltun, Chief of Staff, County Executive
Kelly Bablitch, Chief of Staff, County Board of Supervisors
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