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SUBJECT

A motion adopting a feasibility report for achieving a carbon-neutral or zero-emission transit fleet.

SUMMARY

Motion 2017-0089 adopts a report on the feasibility of achieving a carbon-neutral or zero-emission transit fleet. The report was requested by Motion 14633 and was required by a budget proviso in the 2017-2018 budget. 

The feasibility study is a long-range aspirational plan that meets the requirements of both the motion and the proviso. Based on the feasibility study, the Executive is recommending transitioning to a 100 percent zero-emissions fleet powered by renewable energy as early as 2034 depending on technology advancements and ability to meet service requirements. 

Given that the battery bus technology is rapidly changing, the analysis relies on assumptions about the availability, range, and charging times of battery buses.  As Metro takes steps to implement its vision of a zero-emission fleet by 2034 and battery bus technology evolves, further evaluations and more detailed analysis will be needed by Metro.

The staff report also includes a discussion of Metro’s near term (between now and 2020) plan for the purchase of 120 electric vehicles. 


BACKGROUND 

Motion 14633

In April 2016, the King County Council adopted Motion 14633, expressing support for achieving the goal of either a carbon-neutral or zero emission vehicle fleet in all of Metro Transit’s service area as expeditiously as possible. Motion 14633 requested the Executive to transmit a feasibility report that identifies and analyzes strategies for and barriers to achieving a carbon-neutral or zero emission vehicle fleet, including the vanpool fleet. The specific requirements of the feasibility study are outlined in the Analysis section of this staff report.

Budget Proviso

The 2017-2018 Budget (Ordinance 18409) included the following proviso related to battery buses:

Of the appropriation for capital project 1129299, Electric Bus Charging Infrastructure, $15,000,000 shall be expended or encumbered solely for capital infrastructure and vehicles needed to operate at least two additional bus routes as all electric battery bus routes that would be in addition to the routes 226 and 241 that were originally in the Executive’s budget proposal, and only after the Council passes a motion approving the feasibility report requested at Motion 14633. 

The Executive should file the report and the motion required by this proviso by March 1, 2017, in the form of a paper original and an electronic copy with the clerk of the Council, who shall retain the original and provide an electronic copy to all councilmembers, the Council chief of staff and the lead staff for the transportation, economy and environment committee or its successor.

ANALYSIS

The transmitted report, Feasibility of Achieving a Carbon-Neutral or Zero Emissions Fleet generally meets all of the requirements of Motion 14633 as outlined in the table below. The report considered service needs, costs, necessary supporting systems, environmental results, and social equity benefits.  The feasibility study also meets the requirements of the budget proviso.

In accordance with Motion 14633, Transit convened a group of stakeholders to review the draft and final feasibility assessment. The stakeholder group included representatives from Puget Sound Sage, Got Green, Puget Sound Clean Air Agency, Transportation Choices Coalition, Climate Solutions, Puget Sound Energy, and City of Kent. 




Figure 1

	Requirements of Motion 14633
	Included?

	Analysis and recommendation on whether a carbon-neutral or zero emission fleet should be the preferred goal for Metro Transit and a range of possible dates for achieving the recommended goal.

	

	The analysis should identify opportunities for partnerships with cities and other stakeholders to implement pilot projects and build the electric vehicle infrastructure necessary to reduce emissions of greenhouse gases and criteria pollutants.

	

	An analysis of any changes necessary to the strategic plan for public transportation, or the long range plan in order to achieve recommended goals. The analysis shall also identify any conflicts with or implications to the goals in the 2015 Strategic Climate Action Plan, the Vision 2040 Plan, or the Metro service guidelines. 

	

	An evaluation of the battery bus pilot

	Brief discussion included, longer analysis from U.S. Department of Energy expected soon

	Identify the associated fleet and infrastructure needs for a carbon-neutral or zero-emission fleet

	

	An analysis of how the King County Metro transit carbon offset program established in Ordinance 17971 can be implemented to achieve the goal

	Report briefly mentions Transit has submitted an application with the EPA to sell the environmental attributes from powering electric vehicles with renewable energy

	An analysis of any gaps in available technologies or products that would need to be addressed in order to meet the goal 

	




Major Findings of the Feasibility Study 

Summary: The report, Feasibility of Achieving a Carbon-Neutral or Zero-Emission Fleet recommends Metro gradually transition to a zero-emission fleet powered by renewable energy as the best option for directly reducing GHG emissions and air pollutant emissions. Based on the findings of the feasibility study, Metro is committing to completing the transition to a zero-emission fleet by as early as 2034, or by 2040 at the latest, depending on technology requirements and other implementation considerations. Metro plans to focus initial large scale deployment in South King County to provide the air quality benefits to those communities most vulnerable to air pollution.

The feasibility analysis identifies significant risk factors discussed in the staff report. However, Transit is confident with moving forward with plan for a zero-emission fleet based on the cost analysis, the expected ability of battery buses to meet service needs as buses are retired over time, the environmental benefits, and a strategy to address risks.

Additionally, Metro’s transition to a zero-emission fleet could have benefits of serving as a model for transit agencies across the nation and helping to develop the battery bus industry. Much like the initial purchases of hybrid buses, Metro hopes its early engagement in the battery bus industry will give it leverage to influence product development and thus the development of buses that better meet Metro’s needs.

Current state of the battery-electric bus market and technology 

According to the feasibility analysis, battery-electric bus manufacturing and technology are still in their development stages, but they are progressing rapidly. The National Renewable Energy Laboratory considers battery-electric bus development to be in the technology demonstration, or commissioning, phase—meaning battery-electrics should not be considered fully commercial products. Battery-electric buses are a fraction of the overall transit vehicle industry today. Large established manufacturers have yet to fully commit to battery-electric buses, although New Flyer has one model in the market. Companies focusing on battery-electrics, including Proterra, BYD, and Green Power, are relatively new to the market and have much smaller manufacturing footprints in the United States than the established bus manufacturers.

According to the feasibility study, there are generally two types of charging technologies:

1. Slow chargers refill the battery slowly, typically using a cable and a plug similar to those used to charge electric cars, although designs vary by manufacturer. The term “extended-range” is also used for this type of battery technology. Slow chargers are generally paired with larger batteries and buses with a longer range and can travel up to 140 miles between charges. Charging is typically done over longer periods—two to five hours during the night or long midday layovers at the bus base. The feasibility analysis conservatively assumes two buses per slow charger. Metro has not tested 40 or 60 foot slow charge buses, but expects to start testing in late 2017.
2. Fast chargers refill the battery very quickly, typically using an overhead contact with the bus and little or no interaction needed by the driver. Designs for these systems also vary by manufacturer. The term “quick-charge” is also used for this type. Fast chargers are typically paired with buses that have a smaller battery designed to accept a lot of power in just five to 10 minutes. The operational concept for fast-charge buses is to recharge the battery multiple times a day during a layover period or between trips.  Fast charge buses travel less than 25 miles and charge in 10 minutes or less but require much more expensive charging infrastructure. The feasibility analysis conservatively assumes four buses per fast charger.  Fast chargers are generally located along the route at layover locations.

Will existing technology meet current route needs?

The feasibility study analyzed how Transit’s current service requirements and ratio[footnoteRef:1] of 40-foot to 60-foot buses matches the operational characteristics of new battery-electric buses in order to determine the number of buses that could potentially transition to battery-electric buses.  [1:  Current ratio is 45 percent 40-foot buses to 55 percent 60-foot buses.] 


The analysis did not consider available base capacity or space at layover locations needed for charging infrastructure. Additionally, the analysis assumed that both 40-foot and 60-foot battery-electric buses would be available. However, currently Metro has only tested and proven 40-foot fast-charge battery-electric bus technology meets its performance requirements, but has not yet done so for 60-foot buses. While 60 foot slow charge buses exist, a fast charge model has not yet been manufactured.  

The analysis reports that if the currently available 60-foot battery bus can meet Metro’s performance standards[footnoteRef:2], then slow-charge/extended range battery-electric technology in its current state could meet the service needs of nearly 70 percent of Metro’s operations. (840 of an anticipated fleet of 1,216 buses have a total daily mileage of 140 miles or less and thus can be served by battery buses.) The feasibility report shows the percentage of service that could be covered using battery buses increases as the battery range increases in the future. [2:  Metro expects to know whether the currently available buses will meet its needs after testing four 60-foot buses starting in the second half of 2017 and taking 12 to 18 months to test.] 


The feasibility analysis also considered the feasibility of currently available fast charge technology to meet service needs. According to the analysis, between 140-187 (35 to 47 percent) out of the 392 40-foot buses could be transitioned to fast charge battery buses. The feasibility reports that while, current fast-charge technology would allow for 35 to 47 percent of 40-foot buses to be transitioned to battery-electric buses, the significant infrastructure costs and siting constraints means it is likely a smaller subset would be feasible to replace. 

Risks 

The feasibility analysis notes the primary risks associated with transitioning to a battery bus fleet are related to the fact that the battery bus industry is in its development stages and thus the analysis reports the “business-related risks of procuring battery-electric buses are high.” 
The report notes:

As the industry scales up manufacturing, bus cost and reliability will be greatly improved. Until that time, battery-electric technology will pose risks, which have been addressed in several recent technical reports. The main risk concerns the choice between fast-charge/low-capacity battery buses and infrastructure, and slow-charge/higher-capacity battery buses and infrastructure. The danger is that a transit agency could select a charging technology that either does not meet its long-term needs, or is not adopted broadly by the industry and eventually becomes unsupported by manufacturers. A compounding risk is the current lack of standardization in the industry. 
 
Additionally, currently Metro has tested 40-foot fast-charge battery-electric bus technology, but the one model of a 60-foot battery-electric bus currently available has not yet proven it can meet Metro’s quality standards. 

According to the report, service reliability is another key risk in transitioning to a fast-charge technology. If a bus is often running later, there may not be enough time to charge its battery during a layover without causing further delays or requiring investment of additional service hours to ensure adequate layover time. 

To address these risks, Metro assumes a phased approach to transitioning and plans to continually evaluate the industry and the implementation as it moves forward. 

Timelines for fleet replacement

The transition plan to an all-electric fleet will be gradual as shown in the Figure below from the report.  The gradual nature of the transition plan is driven both by limitations in the current technology, an assumption that the existing vehicles fleet will only be transitioned at the end of their current lifecycle[footnoteRef:3], and the time required to transition operations and develop infrastructure.  [3:  Metro currently replaces 5 to 7 percent of its fleet annually.] 




Figure 2: Fleet Replacement Plan: Potential for Zero-Emission Fleet[footnoteRef:4] [4:  From Feasibility of Achieving a Carbon-Neutral or Zero-Emission Fleet ] 





The transition to all electric fleet will happen by gradually transitioning all new bus purchases to electric vehicles. Transit anticipates that by 2020, any new buses put into operations would be zero-emissions. 

Prior to 2020, Metro’s plans significant new investments in hybrid diesel buses as well as battery buses. Metro expects delivery of 408 hybrid diesel buses prior to 2020. Metro’s near term purchasing plans for battery buses is discussed later in the staff report.

Environmental Benefits

Reducing direct, operational emissions from fuel used in Metro’s fleet is an important climate goal in SCAP. According to the feasibility analysis, Metro’s bus fleet consumes about 10 million gallons of diesel fuel annually and emits approximately 80 percent of King County government’s GHG (greenhouse gas emissions) emissions from fossil fuels.  

A zero-emission bus powered by renewable energy eliminates all GHG and air pollutant emissions from the tailpipe and from electricity production. Additionally, the external noise for bus operations would reduce significantly, as battery bus are close to the noise levels of private autos.

Near Term Purchasing Plans for Battery Buses

In January 2017, the Executive announced that Transit will acquire 120 all-electric battery buses by 2020.[footnoteRef:5] As part of this commitment, Metro will purchase up to 73 battery buses from Burlingame, California-based Proterra. The first 8 of those are scheduled to go into service this year and 12 more fast charges in 2019. Up to eight of the new 40-foot fast-charge battery buses will likely operate on Metro Routes 226 and 241 in Bellevue. [5:  King County Executive Dow Constantine. 2017. Available at: http://kingcounty.gov/elected/executive/constantine/news/release/2017/January/10-battery-buses.aspx] 


Metro will also acquire up to 12 slow-charge long-range electric buses from different manufacturers to test the battery technology with a range of about 140 miles. These slow-charge, extended-range would operate out of South Base and are expected to be in service by the middle of 2018. Once testing is complete Metro will decide whether the remaining portion (88 buses) of the order should be fast or slow-charge technology, from which manufacturer(s)[footnoteRef:6] they should be ordered, and where they will be located. The remaining 88 buses are expected to be in service by 2020. The feasibility report recommends focusing initial deployment at no more than three bases for economies of scale and prioritizing South Base deployment for the greatest equity and social justice benefits. [6:  50 of the buses the approximately 88 will be from Proterra and 38 from undermined manufacturer(s).] 


Equity and Social Justice Considerations

The report includes a detailed discussion on equity issues. The analysis focused on how the air pollution benefits of zero-emissions technology could advance social equity by first serving communities most vulnerable to air pollution. Transit recommends prioritizing the deployment of zero-emission buses in areas that have both poor air quality and populations with a relatively high prevalence of respiratory and cardiac health issues who are generally less able to move or to receive treatment for these conditions. Transit conducted an in-depth analysis to determine which bus routes had the highest vulnerability to air pollution and would most benefit from zero-emission technology.

The analysis considered the following indicators:
1. Poor air quality: diesel emissions, permitted point-source air pollution, proximity to high traffic, and use of wood for heating
2. Existing health conditions that may be caused by or exacerbated by poor air quality: chronic obstructive pulmonary disease, asthma and heart disease
3. Social factors that suggest a population may be less well-equipped to deal with such health effects: low-income, communities of color, under age 18 and above age 64, linguistically isolated, households headed by single females, and low rates of high school completion
Based on the analysis, Metro concluded that deploying zero-emission buses to South Base would have the greatest positive impact on equity.

Costs 

The life-cycle cost analysis found that over the next 30 years transitioning to a zero-emission fleet according to the timeline discussed above would come at an incremental cost of about 6 percent, or about $194 million in 2016 dollars, when compared to current fleet replacement plan. The incremental cost is 2 percent higher for transitioning to battery-electric bus fleet when the societal costs from emissions and noise pollution are considered. 
The feasibility analysis uses a life-cycle cost analysis approach to look not only at initial capital costs of bus purchases, but also at the costs over the multi-decade life-cycle of the fleet. This analysis included both the cash costs to Metro (i.e. capital, operating, maintenance, and disposal) and the societal costs from environmental pollutants (i.e. greenhouse gases, air pollutants, and noise). 

The increased cost of battery buses when compared to the current fleet plan is largely due to the charging infrastructure. According to the analysis, the per-vehicle fueling infrastructure costs for diesel-hybrid fleets are three to 14 times less than the charging infrastructure costs for battery-electric fleet. Bus-capital costs for diesel-hybrid and battery electric buses fall within the same range. 
Figure 4 compares total cost of transitioning to a zero-emission fleet with the continuation of current fleet practices by major category of costs.
	



Figure 4: Total Fleet Replacement Costs[footnoteRef:7] [7:  This figure is from Feasibility of Achieving a Carbon-Neutral or Zero Emission Fleet, page 42] 

	2016-2047 Fleet Replacement
Cost Comparison
(2016 $ million)
	Transition to Zero-Emission Fleet
	Continuation of Metro’s Current Fleet Practices

	
	
	

	Capital
	Vehicle purchase price
	$1,548
	$1,397

	
	Modifications and contingency
	$232
	$197

	
	Charging/fueling Infrastructure
	$136
	$23

	
	Total capital costs
	$1,915
	$1,617

	Operating
	Vehicle maintenance
	$707
	$843

	
	Vehicle tires
	$65
	$65

	
	Vehicle fuel costs
	$369
	$450

	
	Charging/fueling Infrastructure maintenance
	$5
	$1

	
	Battery replacement
	$100
	$8

	
	Total operating costs
	$1,246
	$1,365

	Disposal
	Battery recycling/disposal
	$4
	$1

	
	Bus disposal
	$49
	$38

	
	Total disposal costs
	$53
	$38

	Total cash costs
	$3,214
	$3,020

	Comparison to Base
	Dollars
	$194 
	-  

	
	Percent
	6 percent 
	-  

	Total cash cost per mile
	$3.07
	$2.88

	Societal
	Emissions – tailpipe
	$18
	$71

	
	Emissions - refining/utility
	$20
	$94

	
	Noise
	$36
	$43

	
	Total societal costs
	$74
	$20

	Total cash and non-cash costs
	$3,288
	$3,228

	Comparison to Base
	Dollars
	$60 
	-  

	
	Percent
	2 percent 
	-  

	Total cash cost per mile
	$3.14
	$3.08



Challenges with Forecasting: 

The report notes that forecasting costs, inflation, and price fluctuations for over a multi-decade time frame is difficult and requires numerous assumptions. In this analysis, the difficulty was compounded by the relatively young state of the battery-electric bus industry and the lack of actual data. For example, the transit industry has limited experience with large scale deployments of charging infrastructure, so the costs of doing so are less certain. Additionally, while the feasibility reports high confidence in the data for diesel-hybrid operations based on years of experience and a large fleet, it was more difficult to and less certain to extrapolate the costs from the fleet of only three battery-electric buses over only a few months of operation. 

The charging capital costs are dependent on the number of vehicles each charger can serve. Given the evolution of charging infrastructure and the current lack of standardization, there is a risk that equipment could become obsolete and challenges with scaling up the deployment of charging infrastructure could occur, making the costs less certain. 

Assumptions in cost estimates
· Both scenarios include the planned purchase of 120 battery buses and the necessary supporting infrastructure. 
· Both scenarios exclude the trolley infrastructure as the trolley fleet is assumed to maintained at its current level in both scenarios. 
· All buses and chargers will have a 14-year lifespan based on Metro’s current fleet experience with hybrid-diesel buses. 

· The current ratio of 45 percent 40-foot to 55 percent 60-foot buses was maintained over the analysis period. 

· Battery costs will decline at approximately 3.4 percent per year through 2030 based on recent analysis of the bus battery market by the California.

· Back-up power generation, upgrading power supply to bases, and workforce training and development would be required as part of a transition to a battery bus fleet but are not included in the cost analysis. 

· The analysis covered the full life-span of all buses expected to be purchased from 2016 to 2032 and in service from 2017 to 2034 under both scenarios. This means it covered total costs from the first year of fleet purchases in 2016 through the final year of operations in 2047—the end of life for buses purchased in 2032 and in service in 2034. All results in the model are provided in 2016 dollars and for an average bus within a fleet of buses (diesel-hybrid or battery-electric), and are based on a 4.5 percent discount rate.

Sensitivity tests that changed assumptions to be more or less favorable for battery-electric buses found that the battery-electric bus life-cycle cost might range from 27 percent lower to 10 percent more expensive than diesel-hybrids, depending on whether the assumptions are favorable to battery-electric buses or diesel-hybrids.


Issues for Committee Consideration

Given the emerging technology and additional evaluations planned by Metro, the Committee may wish to consider scheduling future briefings and/or reporting by Metro at key milestones.

AMENDMENT

The amendment would clarify that Attachment A, Feasibility of Achieving a Carbon-Neutral or Zero-Emission Fleet, fulfills the requirements of Motion 14633 Section C and the expenditure restriction in the 2017-2018 Budget Ordinance (Ordinance 18409), Section 132, ER2.

ATTACHMENTS

1. Proposed Motion 2017-0089 (and its attachments)
2. Amendment 1
3. Title Amendment 
4. Transmittal Letter
5. Motion 14633
[bookmark: _GoBack]
INVITED

· Carrie Lee, Sustainability Program Coordinator, Transit Division
· Peter Melin, Zero-Emission Program Manager, Transit Division
· Chris O’Claire, Assistant General Manager for Planning and Customer Services
· Stephanie Pure, Intergovernmental Relations, Department of Transportation
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Microsoft_Excel_Worksheet1.xlsx
Current Budget Fleet Plan

		Color Key						Major Fleet Assumptions:				4500000

		OLDEST - Retirable Fleet						* 20% Spare Ratio as ongoing target.				200										* Service Growth (~42.5k per year, adding 8 peak coaches per year)

		CURRENT - Fleet under FTA requirement						* 55% Metro Artic Ratio target for 2020.				22500										* 100k Additional Hours in '17-'18 (15 peak in Fall '17, 5 peak in '18)

		COMMITTED - Planned/Incoming Purchases						* AWV mitigation by Metro (July '17), No bus reduction				375										* New BRT (Delridge '19, Rt. 7N/70 '21, Rt. 169/180 '23, Rt. 240/245 '24)

		PROJECTED - Uncommitted Future Purchases						* AWV "Interim Pathway" begins Spring '18 (~8 peak coaches)

				Fleet Name		Fleet #		Fall 2015		Fall 2016		Fall 2017		Fall 2018		Fall 2019		Fall 2020		Fall 2021		Fall 2022		Fall 2023		Fall 2024		Fall 2025		Fall 2026		Fall 2027		Fall 2028

		Small (<40') Fleet		30' Diesel Gillig		1100		36		31		31		- 0

				35' Diesel Gillig (Ctr. Park)		3300		2		2		2		2		- 0

				35' Hybrid New Flyer		3700		60		60		60		60		60		60		60		60		60		60		60		60		60		60

		Standard                         (40') Hybrid Fleet		40' Diesel Gillig		3200		33		33		33		- 0

				40' Diesel New Flyer		3600		100		100		100		89		- 0

				40' Hybrid Daimler-Orion		7000		199		199		199		199		199		199		199		199		199		156		156		145		120		24

				40' Hybrid New Flyer		7200		55		60		60		60		60		60		60		60		60		60		60		60		60		60

				40' Hybrid Gillig		7300								100		100		100		100		100		100		100		100		100		100		100

				40' Hybrid Future (Convert to Battery?)		7400										94		114		119		119		119		119		119		119		119		119

				40' Hybrid Future		7600																				20		20		20		55		160

		Trolley Fleet		40' Trolley Gillig		4100		76		26

				60' Trolley Breda		4200		55		8

				40' Trolley New Flyer		4300		30		86		110		110		110		110		110		110		110		110		110		110		110		110		187

				60' Trolley New Flyer		4500				60		64		64		64		64		37		37		37		37		37		37		37		37

				60' RapidRide Trolley (Madison BRT)		4700										13		13		13		13		13		13		13		13		13		13

				60' RapidRide Conversion Trolley (Rt. 7N/70)		4900														27

Bez, Jon: Fleet Assumptions:
Jackson/U-District BRT
Converted 60' Trolley Fleet
		27		27		27		27		27		27		27

		Battery Bus		40' Proterra Fast Charge (2016)		4600		1		3		3		3		3		3		3		3		3		3		3		3		3		3		32

				40' Proterra Fast Charge (2018)		4600								20		20		20		20		20		20		20		20		20		20		20		C

				40' 3 Builder Slow Charge Pilot		4800								9		9		9		9		9		9		9		9		9		9		9

				40' Battery Future???		4600								- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

		Articulated                                      (60') Hybrid Fleet		60' Diesel New Flyer		2300		162		115		87

				60' Diesel New Flyer		2800		30		30		30		- 0

				60' Hybrid New Flyer		2600		212		212		212		134		102		53		38		- 0

				60' Hybrid New Flyer		6800		188		187

Bez, Jon: Bez, Jon:
Coach Fire Totalled one.		187		187		187		187		187

Chalmers, Katie: Chalmers, Katie:
22 are retireable in 2021; the rest in 2022		179		109		16		- 0

				60' Hybrid New Flyer (ODOT)		8000				57		85		85		85		85		85		85		85		85		85		85		85		85

				60' Hybrid New Flyer (WSDOT, 2 Door)		8100						40		100		100		100		100		100		100		100		100		100		100		100

				60' Hybrid New Flyer (WSDOT, 3 Door)		8200								100		100		100		100		100		100		100		100		100		100		100

				60' Hybrid New Flyer (WSDOT, BRT Ready)		8300								22		22		22		22		22		22		22		22		22		22		22

				60' Hybrid Future (Nova?)		8400										1		40		40		40		40		40		40		40		40		40

				60' Hybrid Future		8500														20		75		135		245		270		285		285		285

		BRT                                           RapidRide		60' RapidRide (2010-2014)		6000		113		113		113		113		113		113		113		113		113		57		14		- 0

				60' RapidRide (2016)		6200				20		20		20		20		20		20		20		20		20		20		20		20		20

				60' RapidRide (2019, Delridge)		6300										28		28		28		28		28		28		28		28		28		28

				40' RapidRide (2023-24, Rts. 169/180, 240/245 )		6400																		21		44		44		44		44		44

				60' RapidRide Future		6500																				50		93		113		113		113

				METRO TOTAL FOR 2017/2018 BUDGET				1,352		1,402		1,436		1,477		1,490		1,500		1,510		1,519		1,530		1,541		1,550		1,560		1,570		1,579



		Sound Transit		40' Diesel Sound Transit		9000		11		13		13		13		13		13		13		13		13		13		13		13		13		13

				40' Hybrid Sound Transit LF		9100		- 0		3		3		3		3		3		3		3		3		3		3		3		3		3

				40' Hybrid Sound Transit LF		9200		1		1		1		1		1		1		1		1		1		1		1		1		1		1

				60' Diesel Sound Transit LF		9500		35		38		40		40		40		40		40		40		40		40		40		40		40		40

				60' Hybrid Sound Transit LF		9600		60		60		62

Bez, Jon: Sound Transit:
+2 in Fall '17
		64

Bez, Jon: Sound Transit:
+2 in Fall '18
		64		64		64		64		64		64		64		64		64		64

				ST TOTAL				107		115		119		121		121		121		121		121		121		121		121		121		121		121

				TOTAL METRO OPERATED				1,459		1,517		1,555		1,598		1,611		1,621		1,631		1,640		1,651		1,662		1,671		1,681		1,691		1,700



						Metro Peak Signout		1,125		1,147		ERROR:#REF!

Bez, Jon: Fleet Assumptions:
+8 Comfort Station
+5 CPS Closure
+15 100k in '17-'18
		ERROR:#REF!

Bez, Jon: Fleet Assumptions:
+14 End of Joint Ops
-5 CPS Closure
+5 100k in '17-'18		ERROR:#REF!

Bez, Jon: Fleet Assumptions:
+9 Madison BRT & Delridge BRT 
		ERROR:#REF!

Chalmers, Katie: Fleet Assumptions:
Seattle Service Continues		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

Bez, Jon: Fleet Assumptions:
+7 Rt. 169/180 BRT
		ERROR:#REF!

Bez, Jon: Fleet Assumptions:
+7 Rt. 240/245 BRT
		

Bez, Jon: Bez, Jon:
Coach Fire Totalled one.		

Bez, Jon: Sound Transit:
+2 in Fall '17
		

Bez, Jon: Sound Transit:
+2 in Fall '18
						

Chalmers, Katie: Chalmers, Katie:
22 are retireable in 2021; the rest in 2022		

Bez, Jon: Fleet Assumptions:
+8 Comfort Station
+5 CPS Closure
+15 100k in '17-'18
		

Bez, Jon: Fleet Assumptions:
+14 End of Joint Ops
-5 CPS Closure
+5 100k in '17-'18		

Bez, Jon: Fleet Assumptions:
+9 Madison BRT & Delridge BRT 
		

Chalmers, Katie: Fleet Assumptions:
Seattle Service Continues		

Bez, Jon: Fleet Assumptions:
Jackson/U-District BRT
Converted 60' Trolley Fleet
				

Bez, Jon: Fleet Assumptions:
+7 Rt. 169/180 BRT
				ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

						Metro Spare Ratio		20.2%		22.2%		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

						Metro Artic Ratio		56%		57%		58%		56%		56%		55%		55%		55%		54%		55%		55%		56%		55%		55%

						Metro Retireable Fleet Ratio		27%		38%		32%		15%		7%		4%		3%		12%		15%		15%		11%		13%		11%		10%
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Input R Bus Fleet



				Row Inputs Bus Base Acquisition Plan



										Model Period Ending								- 0		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

										Forecasting Period Flag								- 0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1



										Variable		Source/Constant		Unit		Total								Existing <-		 ->           Committed         <-				 ->Committed/Projected<-				 -> Projected Orders

		BEB - Fast Charge Scenario (50% QC, 50% LR)										8



				Bus Fleet - Replacement Additions From Forecast Model



										BEB - 40ft - Proterra - QC		Forecast model		Bus Count		2,124				-		1		3		8		8		62		72		75		75		86		108		108		108		126		179		245		245		191		181		243

										BEB - 40ft - Proterra - LR 440		Forecast model		Bus Count		2,068				-		-		-		9		9		62		72		74		74		84		105		105		105		122		174		238		238		185		175		237

										HYB  - 40ft - Gillig - Standard LF		Forecast model		Bus Count		1,400				-		-		-		-		100		100		100		100		100		100		100		100		100		100		100		100		100		100		-		-

										HYB - 60ft - New Flyer - XDE60		Forecast model		Bus Count		3,878				-		-		-		68		250		277		277		277		277		277		277		277		277		277		277		277		277		209		27		-

										BEB - 60ft - BYD - AB (LR)		Forecast model		Bus Count		2,573				-		-		-		-		-		-		19		29		56		86		166		200		217		217		217		227		269		269		250		351

										BEB - 60ft - New Flyer - XE60 (QC)		Forecast model		Bus Count		2,621				-		-		-		-		-		1		21		31		59		89		169		203		221		221		221		231		274		273		253		354

										BEB - Fast Charge Scenario (50% QC, 50% LR) Total Bus Fleet		Total		Bus Count		14,664				-		1		3		85		367		502		561		586		641		722		925		993		1,028		1,063		1,168		1,318		1,403		1,227		886		1,185



										Hybrid		Total Purchases		Bus Count						-		-		-		68		350		377		377		377		377		377		377		377		377		377		377		377		377		309		27		-

										Zero Emission		Total Purchases		Bus Count						-		1		3		17		17		125		184		209		264		345		548		616		651		686		791		941		1,026		918		859		1,185



				Bus Fleet - New.fleetplan.from.j.Bezv3.pda



										Total Diesel Fleet		Cummulative Fleet		Bus Count								363		311		283		91		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-

										Total Trolley Fleet		Cummulative Fleet		Bus Count								161		180		174		174		187		187		187		187		187		187		187		187		187		187		187		187		187		187		187

										Total Hybrid Fleet		Cummulative Fleet		Bus Count								827		908		976		1,180		1,271		1,281		1,291		1,300		1,311		1,322		1,331		1,341		1,351		1,360		1,374		1,388		1,402		1,416		1,430

										Total Zero Emissions Fleet		Cummulative Fleet		Bus Count								1		3		3		32		32		32		32		32		32		32		32		32		32		32		32		32		32		32		32

										Total KC Metro Fleet (excluding ST)		Cummulative Fleet		Bus Count								1,352		1,402		1,436		1,477		1,490		1,500		1,510		1,519		1,530		1,541		1,550		1,560		1,570		1,579		1,593		1,607		1,621		1,635		1,649



				Total Bus Fleet For the Chart



										Total Trolley Fleet		Cummulative Fleet		Bus Count								161		180		174		174		187		187		187		187		187		187		187		187		187		187		187		187		187		187		187

										Total BEB Fleet		Cummulative Fleet		Bus Count								1		3		17		17		125		184		209		264		345		548		616		651		686		791		941		1,043		1,125		1,421		1,462

										Zero Emission Fleet		Cummulative Fleet		Bus Count								162		183		191		191		312		371		396		451		532		735		803		838		873		978		1,128		1,230		1,312		1,608		1,649

										Diesel Fleet		Cummulative Fleet		Bus Count								363		311		283		91		-		-		-		-		-		-		-		-		-		-		-		-		-		-		-

										Hybrid Fleet		Cummulative Fleet		Bus Count								827		908		956		1,195		1,178		1,129		1,114		1,068		998		806		747		722		697		601		465		377		309		27		-

										Total Fleet		Cummulative Fleet		Bus Count								1,352		1,402		1,430		1,477		1,490		1,500		1,510		1,519		1,530		1,541		1,550		1,560		1,570		1,579		1,593		1,607		1,621		1,635		1,649
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Chart1



Zero Emission Fleet	42369	42735	43100	43465	43830	44196	44561	44926	45291	45657	46022	46387	46752	47118	47483	47848	48213	48579	48944	162	183	191	191	312	371	396	451	532	735	803	838	873	978	1128	1230	1312	1608	1649	Hybrid Fleet	42369	42735	43100	43465	43830	44196	44561	44926	45291	45657	46022	46387	46752	47118	47483	47848	48213	48579	48944	827	908	956	1195	1178	1129	1114	1068	998	806	747	722	697	601	465	377	309	27	0	Diesel Fleet	42369	42735	43100	43465	43830	44196	44561	44926	45291	45657	46022	46387	46752	47118	47483	47848	48213	48579	48944	363	311	283	91	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	

Percentage of Fleet










image2.png
kil

King County




