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BACKGROUND
On Friday, December 14, 2018, the California Air Resources Board (CARB) adopted the Innovative Clean
Transit (ICT) regulation that has been in development for almost four years. The ICT requires California
transit agencies to begin purchasing Zero Emission Buses (ZEBs) as early as 2023, with the goal of
transitioning all transit buses to zero emission technology by 2040.  Today, zero emission technology
includes Battery Electric Buses (BEBs) and Fuel Cell Electric Buses (FCEBs).  San Diego Metropolitan Transit
Systems (MTS) has already started paving the way for this transition, due to its commitment to continue
providing safe, reliable transit service while also striving to improve air quality in the region.  MTS’s Zero-
Emissions Bus Pilot Program has already taken steps toward accomplishing the goals set forth in the ICT.
Further, this Master Plan provides a template for charging 161 ZEBs to be purchased in accordance with CARB
requirements at the Imperial Avenue Division (IAD) in San Diego, California, and to help MTS develop and
implement a ZEB rollout plan (required by ICT), with MTS’s next purchase of ZEBs.  In addition, this project
will continue the implementation of ZEB infrastructure set forth by the previous project at the South Bay
Maintenance Facility and will continue with projects at MTS’s other maintenance facilities at the Kearny
Mesa Division (KMD), East County Bus Maintenance Facility (ECBMF) and Copley Park Maintenance Facility
(CPMF).
For the IAD, MTS will have procured an initial 40-foot ZEB fleet of 30 buses by 2024.   Beyond 2024, MTS
will comply with state regulations requiring 25% ZEB purchases starting in 2026, transitioning to 50% at
a later date.

MTS OBJECTIVE
The IAD ZEB Master Plan will provide a road map for charging infrastructure installation, timed to coincide
with ZEB bus purchases, matching new charging technology with the new busses in a phased approach. The
first 30 ZEB’s fleet will be Phase 1 or the first implementation of the full IAD ZEB Master Plan.  The ZEB Master
Plan will develop an infrastructure and operational improvement and phasing plan that must:

Á Be compatible with MTS’s long-range ZEB vision.
Á Confirm the fleet size and mix able to be parked and provided with electrified parking / charging

capabilities at the IAD.
Á Identify specific infrastructure needed to support the recommended 161 ZEB fleet mix.

Make recommendations that can be implemented within the constraints of available funding and site
constraints.

PROJECT GOALS
The following goals were developed through discussions with key MTS staff.

1. The design must provide for implementation without disruptions with smooth yard operations
and the ability to continue providing reliable revenue service.

2. The solution must be cost-efficient.
3. The project must meet project milestones and adhere to the Innovative Clean Transit

regulation.
4. The solution must be scalable, modular, and flexible.
5. The solution must provide resiliency to fleet operations during utility power outages at all phases

and redundancy to power losses once the ZEB fleet grows beyond 50% of the total on-site fleet.

PROJECT PARAMETERS
The following parameters were established for the project through discussions with MTS.

1. The project is to provide a total parking capacity of 172 buses, of which there are 136 charging
positions.

2. The project must make the best use of the capital budget.
3. The project must consider only technology that is currently available.
4. The project is to continue to accommodate employee parking on-site
5. The project will continue to accommodate the existing CNG buses until those buses have been

replaced with the ZEBs.
6. The existing maintenance and administration buildings are to remain

PRELIMINARY ENGINEERING METHODOLOGY
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The first step was to collect and review existing documents provided by MTS that are pertinent to the
project, including:

Á Facility as-built drawings
Á Facility’s current bus parking layout
Á Current circulation routes
Á Historic electricity and gas usage information
Á Existing fleet inventory

After the existing documentation was reviewed a ZEB checklist was developed to document key findings of
both the existing facility and the proposed on-site operations.  An in-person site tour was conducted to acquire
missing data not ascertainable from the received existing condition documentation and previous operational
discussions.

Upon reviewing the existing operational and facility information and with the documented understanding of
MTS’s preferred future ZEB operational needs and holding bi-weekly meetings and an in-person Concept
Design Workshop with MTS, various master site layouts were developed around the preferred charging
technology. The preferred technology selected for this project is the automatic overhead charging from a
piston depot dispenser that is compatible with both the individual 180kW Heliox styled charging cabinets
being installed at the MTS South Bay Maintenance Facility (SBMF) and the new to industry ‘Big Box’ medium
voltage / transformer / switchboard / chargers all in a single container charger.  Pros and Cons for these options
are discussed in Chapter 4 along with the recommended infrastructure option.  The pros and cons also
included IAD specific tangibles such as a master plans ability to park the desired 161 ZEBs, phasability /
constructability, physical space to accommodate the electrical service, and specific charging equipment
needed to support the ZEB fleet.  All the developed master plan concepts, including those that were
unsuccessful in accommodating all the ZEB ‘s Master Plan Goals, are included in this report.

Once the Preferred Master site concept was selected by MTS, the Master Plan Concept Implementation plans
were developed. The Preferred Master Plan Concept was subdivided into three district implementation
‘Phases’ needed to fully construct the master plan anticipated to span between 2022 through 2030 and
beyond.  Each of the three Master Plan Implementation phases were further divided into construction ‘stages’
or areas of defined limited construction to be completed and turned back for use by MTS prior to a contractor
moving to the next construction stage portion of the IAD site.  These construction stages are needed to
accommodate buildout and construction of BEB charging infrastructure on the IAD site while maintaining on-
site transit operations. Refer to Chapter 6 for phasing and staging details. The IAD ZEB Master Plan BEB
Implementation Phase 1 location was chosen to minimize disruption to the current IAD operation, as well as
limit the capital expenditure needed to support the near term 30 BEB IAD order. The phasing plan for the
project identifies how to accommodate the first 30 40-foot ZEB’s scheduled to arrive in the near term of March
2024, and then continues in subsequent infrastructure phases based on MTS’s bus procurement schedule and
the ability to allow for construction phasing / staging on site without reducing the number of buses being
operated out of IAD or having detrimental impact on IAD on-site operations. Additional phases and stages
are possible, and the developed master plan phase and stage concepts are only one of many possible
construction and implementation options.  For instance, if MTS had another facility able to accommodate,
operated and / or maintain / service portions of IAD conventional CNG bus fleet, Phase 3 construction phases
could be significantly reduced.

1.2
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Existing Conditions Report
The Existing Conditions Report was previously submitted to MTS on January 7, 2022 and is attached to this
ZEB Master Plan Report as Appendix A. The Existing Conditions Report examined and documented the
existing IAD facility and the existing on-site operations to determine site specific limitations and opportunities
to support a fully 100% ZEB fleet.  Additionally, the report contains a glossary of terms and acronyms used
within itself and applicable to this report and other previously issued memorandums as part of this IAD ZEB
Master Plan project.

2.1



 CHAPTER 3 – BEB CHARGING TECHNOLOGY



BEB CHARGING TECHNOLOGY

Imperial Avenue Division (IAD) ZEB
Master Plan

Page 4
Final Report

BEB Charging Technology

During the IAD ZEB project kickoff meeting and on subsequent workshops it was confirmed that the basis of
design for BEB charging technology at IAD would be the on-going BEB charger and dispenser units being used
at SBMF currently in the early stages of the Phase 1 construction. The SBMF Phase 1 BEB charging infrastructure
is utilizing Heliox Flex180 charging cabinets paired with an overhead mounted Schunk SLS 301 depot charger
piston dispensers in a 1:3 charging configuration [i.e., one (1) charging cabinet energizes three (3) depot piston
dispenser]. Another SBMF BEB charging technology identified to use as basis of design was the medium
voltage service entrance and medium voltage feeder lines being distributed across the site to medium voltage
unit substations.  As discussed in greater detail in Chapter 4 with the concept descriptions, this MV on-site
power distribution/ charger / dispenser setup was the basis of all the developed concepts.    A recently available
charging technology that wasn’t available during the design of the SBMF Phase 1 design, the “Big Box” charger,
was also considered during conceptual design. Plugin and induction charging were not considered for IAD
BEB charging technology.

Big box chargers are being offered now by various charger OEMs with the promise of a smaller charging system
footprint with similar performance of the current individual nominal 150kW charging cabinets being utilized
in multiple charger clusters similar to SBMF and the IAD concepts.  Big box space savings occurs when the
individual BEB charging infrastructure components including medium voltage (MV) feeder entrance, 480v
transformer, switchboard, and individual charging cabinet are combined into a single container by a single
OEM as a charging ‘system’

.

Example 1.5MW ‘Big
Box’ container section

3.1
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ELECTRICAL SERVICE APPROACH

GOALS
Fleet conversion to all-electric buses requires a great deal of power to charge the vehicles. The relationship
between the transit agency and the utility will change because the utility becomes like a fuel provider. If
they can’t provide the fuel, the buses don’t run the next day. Similarly, with electric buses, if there is a power
outage, it could have a substantial impact on the next day’s rollouts. This means that the power coming
from the utility needs to be reliable and the grid needs to be able to support the increase in load that BEBs
require. This section will discuss how the utility, SDG&E, can supply sufficient power reliably and discuss
resiliency options if there is a power outage.

UTILITY RELIABILITY
Table 1. Electric Power Distribution Reliability Indices

Source: SDG&E

1. REALIABILITY INDICES

Power reliability is an important factor when considering the transition to BEBs. Without an understanding of
existing reliability or measures in place to mitigate the risks of an outage, any disruption in electrical flows can
be devastating to SDMTS’s service.
The California Public Utilities Commission (CPUC) monitors reliability for regulated, investor-owned utilities
around the State to ensure that performance is upheld. WSP gathered information from the CPUC as it relates
to San Diego Gas & Electric (SDG&E), the local distribution utility.

2. SDG&E RELIABILITY

Reliability metrics can vary from year to year based on large power outage events, such as, the Camp Fire in
Paradise, California in 2018, or the Southwest Blackout of 2011. Therefore, CPUC generally uses 10-year rolling
averages to show improvements over time. After Pacific Gas & Electric’s transmission lines caused the deadliest
fire in California history (the Camp Fire), the CPUC and regulated utilities began to implement public safety
power shutoffs (PSPS) in 2019. In 2019, outage impacts from PSPS de-energization events in 2019 totaled 53.74
system SAIDI minutes. and 0.034 system SAIFI. In 2020, outage impacts from PSPS de-energization events in
2020 totaled 107.17 system SAIDI minutes and 0.068 system SAIFI. Despite the impacts, SDG&E is among the
top 2 utilities in this region that show a consistent, high level of performance. For all four metrics Table 1, lower
numbers indicate more reliability. For example, if an average outage duration (CAIDI) is experienced, the
number represents the number of minutes of the outage, so an outage of only 10 minutes shows a more robust
system then an average outage of 45 minutes.

Figure 1A and Figure 1B presents metrics for the San Diego Construction Metro district.

INDEX MEASURE UNITS
System Average Interruption Duration
Index (SAIDI)

Average outage duration per
customer

Minutes per outage (per customer)

Customer Average Interruption Duration
Index (CAIDI)

Average outage duration if an
outage is experienced, or
average restoration time

Minutes Per Year (per customer)

System Average Interruption Frequency
Index (SAIFI)

How often a customer can
expect to experience an

outage

Number of outages a year (average)

Momentary Average Interruption
Frequency Index (MAIFI)

The frequency of momentary
interruptions

Number of instantaneous outages (<5 minutes) per year
(average)
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Figure 1A. Metro Division Metrics of SAIDI and CAIDI (2011-2020)

Figure 1B. Metro Division Metrics of SAIFI and MAIFI (2011-2020)

Source: SDG&E

The left side of each chart is the year 2011 when there was a regional power outage called the Southwest
Blackout. The right side of each chart has 2020 data which is the latest available reliability numbers as of Jan
2022. Over the last 9 years, the average numbers for unplanned outages are presented below in Table X,
including the 2011 anomaly.

SAIDI CAIDI SAIFI MAIFI
112.5 149.8 0.629 0.384

Table 2: Metro Division Metrics of SAIDI and CAIDI (2011-2020)
Source: SDG&E

Each customer within SDG&E’s Metro district can expect just over one power outage within two years, and it
will probably last around 150 minutes. (By multiplying 0.629 average outages per year * 149.8 minutes per
outage = 94.3 minutes of average outage minutes per year). Similarly, there are only 0.384 momentary outages
per year, or less than one every other year.
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RESILIENCY REQUIREMENTS
IAD RESILIENCY APPROACH

Similar to using SBMF detail design BEB charging technology as basis of design for IAD Master Plan Concepts,
the final detailed design being implemented in the SBMF Phase 1 on-going construction power resiliency
technology and approach is being used as basis of design at IAD.  SBMF used a new MW feed that entered the
site into a microgrid controllable service entrance feeding separate microgrid controllable unit stations spread
across the site. Resilient provisions were made at SBMF for multiple potential redundant power sources
including:

¶ Fixed Generation On-Site
¶ Portable Generation

o At main MV entrance
o At each MV substation

¶ On-Site Generated Photovoltaic (PV) power
¶ On-Site Battery Energy Storage System

Based on space limitation on IAD site, the reduced fleet size being operated from IAD as compared to the
ultimate BEB capacity of SBMF, and the close proximity to high density multistory housing adjacent to the
likely fixed emergency BEB generator(s) the fixed generation resiliency was not considered a viable technology
for IAD.  The other three resilient power sources are being accommodated in the IAD master plan concepts as
described in detail later in this chapter.

DETERMINING RESILIENCY NEEDS
There are various methods to increase a site’s resiliency to meet their fleet demands: solar panels, battery
storage, backup generators, redundant power feeds, microgrids, etc. However, these methods can require
more space, time, and money than the project budget allows. It is important to integrate resiliency needs into
the overall resiliency effort and planning. The first stage of the project aims to support fully charging 30 BEBs
to 100% state of charge (SOC) in the event of a power outage. For a full buildout beyond the first 30 buses,
charging multiple BEBs to 100% SOC is a substantial cost, and further analyses can help determine the most
cost-effective way of providing resiliency. There are two main aspects that adding these technologies can help
with:

1) Reducing overall operational/electricity cost
2) Ensuring backup power can operate almost instantaneously in the event of an outage.

Both items require further analysis of the BEB network’s power and energy demands, the resiliency of the
utility, and the level of comfortability that the transit authority has for estimating those daily needs. The
resiliency statistics in section 1 provide an initial step to determining the amount of backup power a depot
needs. The project needs to consider backup plans in the event of an overnight outage causing all the chargers
to go offline.

To determine this, modeling is required to estimate that amount of time the BEBs will need to charge versus
the time buses stay at the depot. It is possible that some buses may pull into the depot close to empty, those
requiring substantially more charge time, whereas some buses may pull in at 40% or more SOC. Therefore, it
is important to measure the average time differential between the buses’ idle period at the depot and its
required charging time. With this information, the site can determine the amount of impact a power outage
would cause to the fleet’s charging operation.

For example, the SAIDI statistic, which is the average number of minutes the utility power is unavailable during
an outage, can help determine the average outage time gap the resiliency plan needs to protect against. In
the San Diego Metro district, the average outage is 150 minutes. When looking at fleet times, the fleet operators
need to determine the percentage of buses that cannot complete their routes during an average or longer
outage time period. In this scenario, if only 5% of buses could not fully charge when the power was out for over
2 hours, the average SDG&E outage might not be a concern and little to no resiliency may be required. However,

4.3
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if 50% of buses cannot complete their routes if the power was out for an hour, then resiliency is highly
encouraged and would require a substantial investment in alternative generation and critical storage
technologies.

Another option to offset electricity costs and increase resiliency is to use microgrid technologies that would
allow some or all of the site to operate in an “islanded” mode for a period of time. The site can also use the
microgrid to use power from the grid during times of low electricity rates and use onsite power when electricity
costs are high. SDG&E has rates that change based on when the electricity is used, so if there are some buses
that need to charge during peak times, using something like solar and battery storage to charge those buses
could substantially decrease that operational cost. The microgrid can also smoothly transition the site from
grid power to onsite power almost instantaneously when an incoming outage is sensed.

ELECTRICAL SERVICE APPROACH & CONCEPT PLAN OPTIONS
1. EXISTING INFRASTRUCTURE

The existing site electrical service is provided by SDG&E. There are five existing services provided by five utility-
owned transformers associated with five utility meters. The repair and maintenance building, office annex, and
administration building to the east receive power from two services entering the facility from 16th street with
switchboards and two meters located in the repair and maintenance building. The three remaining service
feeds that power the west side of the facility originate from L street, connected to three SDG&E-owned
transformers located near the L-street fence.

Figure 1C: Existing Electrical Site As-Built Layout

There are six (6) existing ChargePoint CP-250 BEB plug-in chargers fed by a separate 480 V three-phase SDG&E
service connected to a dedicated utility meter and main switchboard with 2000A main bus with a main
breaker set to trip at 600A. This is shown in Existing Conditions Report, Appendix A.

4.4
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There are three onsite backup generators. The first generator is located near the fence on the east side of the
site, supplying standby power to building loads. The second generator is 75kVA and is located near the
maintenance building. The third generator is 150kVA and supplies standby power to the service bay. This is
shown in Existing Conditions Report, Appendix A.

The existing infrastructure does not have enough capacity to support the new full BEB buildout and new
Electrical infrastructure will be required. For a full fleet buildout, it is estimated at a 3:1 charging ratio that the
EVSE could pull a maximum of 10 MW. While nighttime and off-peak charging will help regulate the cost of
that much electricity, and charge management software can help reduce peaks and spread out the power
needed, the infrastructure must be designed to support to full possible load, especially for emergency
scenarios.

2. NEW INFRASTRUCTURE CONCEPTUAL DESIGN

One new 12 kV service line will be anticipated to supply power to 136 new charging positions – the anticipated
total of new on-site charging positions being added to the IAD site in the Master Plan Ultimate Buildout. Total
estimated maximum power required will be 10MW. Construction of the masterplan will be deployed in three
phases. Phase 1 consists of the build out for the first 30 charging positions in the North lot. Phase 2 consists of
the build out for the remaining 10 charging positions in the North lot and 50 charging positions in the South
lot. Lastly, phase 3 consists of the building out for the remaining 40 charging positions located in South lot.
For the phase 1 deployment, the new main service and the unit substation in the north lot will be required. The
charging equipment operates at 480V. The existing service to the IAD, is expected to remain untouched. The
new BEB service would be separately metered.

¶ New incoming service will be a 12kV service and feeds a new medium voltage switchgear.
¶ The new medium voltage switchgear capacity is sized to feed three new pad mounted unit

substations located on elevated platforms over the bus parking north and south lots
o One new pad mounted substation will be installed in Phase 1.
o Two future pad mounted substations will be installed in later phases as needed

¶ Each unit substation will contain a 3750kVA 12.47kV-480/277V pad mounted transformer which will
feed its switchboard rated for 6000A at 480/277V (3ph, 4W), 100kAIC.

¶ Each switchboard will be able to feed up to 20 DC charging cabinets (180kW) supporting sixty (60)
BEB’s at a 3:1 charging ratio

o The switchboard will feed auxiliary loads, via a step-down transformer, for equipment
monitoring, hoist motors, etc.

¶ Each switchboard will have a tap box section to facilitate connections from a portable trailer generator
parked in close proximity to the substation

¶ Each switchboard will be provisioned to have solar power and BESS connection as alternatives

Equipment List Summary

¶ MV Switchgear – 600A, 15kV, 3ph, 3W, 65kAIC  qty. one (1)
¶ Unit Substations

o Transformers – 3750kVA 12.47kV – 480V/277V, pad-mounted  qty. three (3)
o Switchboards – 6000A, 480/277C, 3ph, 4W, 100kAIC  qty. three (3)

¶ Auxiliary transformers – 15kVA 480V/277V – 120/208V, pad-mounted  qty. three (3)
¶ Panelboards – 200A, 120/208V, 3ph, 3W, 22kAIC  qty. three (3)

The first 30 charging positions will only need one unit substation consisting of transformer and one
switchboard, and the additional 10 charging cabinets to be added in phase 2 will be served by the switchboard
from phase 1. Additional transformers and switchboards will be added in the future in conjunction with the
expanding BEB fleet. This modular approach allows for adaptability as the fleet expands from its initial 30
buses.

The chargers will be fed from the 480V switchboards but auxiliary devices including: 1) hoists for the charging
cables from the power dispenser, 2) the auxiliary power for the power dispenser itself which plugs into the bus,

4.5
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3) other communication devices which will be fed from 120/208V panelboards. Cable ladder tray and/or
conduit will be used to route the cable from source to load.

All devices will be properly grounded to the facility’s existing ground system. The main MV service entrance
switchgear will be grounded according to SDG&E’s standards.

In the event of a utility outage, “microgrid ready” switchgear will continue to feed a portion of the fleet. This
microgrid will have provisions within the switchgear, likely on the low voltage side, and at each of the
Distributed Energy Resources (DERs) for intelligent monitoring of its loads and will be able to operate in an
island mode and power some buses during an outage. Ideally, the charge management software that controls
the EVSE would also be able to talk to the intelligent devices on the microgrid for better load management
and determining which DERs to use at what time. The fleet will receive power via DER sources available:

¶ Solar power – photovoltaic cells are planned to be added on top of the new gantry system that will be
installed to support overhead charging. The maximum total space available to install solar panels at
both north and south lot is 75,000 sq-ft. The estimated peak power supplied by the fully built-out solar
system is 1.15 MW. The solar power available can be used to assist with mid-day charging or charging
a large stationary battery (BESS) to help shift loads depending on the time of day.

¶ BESS Battery power – Currently there is enough room for (2) 2 MWh battery that would fit in a 40’
storage container on north and south platform each based on preliminary designs. Additional
modeling, resiliency, and economic factors should be employed to “right size” the battery for the
design.

The final choice of DERs must account for the duration of an anticipated outage (per the Resiliency section
above) and the ability of the buses to still meet rollout schedules based on detailed modeling. This modeling
should take into consideration overnight idle time versus how long each bus needs to charge overnight. Some
buses may arrive at the depot with low power and require substantially longer charge times, and thus a power
outage would more dramatically affect that bus’s ability to meet rollout the next day. Some buses that do mid-
day or on-route charging may come back to the depot with a much higher battery SOC % and may not need
a full battery to make their rollouts the next day, and thus would be less susceptible to the effects of a power
outage. Doing this detailed analysis and taking into consideration the probability of an outage and outage
durations will allow the client to make better informed decisions on the type, size, and quantity of DERs from
both a technical feasibility perspective and an economic perspective. The current conceptual design allows for
the flexibility to integrate these DERs as needed based on that analysis.

4.6



ELECTRICAL SERVICE APPROACH & CONCEPT
PLAN OPTIONS

Imperial Avenue Division (IAD) ZEB
Master Plan

Page 11
Final Report

SINGLE LINE DIAGRAM

4.7



ELECTRICAL SERVICE APPROACH & CONCEPT
PLAN OPTIONS

Imperial Avenue Division (IAD) ZEB
Master Plan

Page 12
Final Report

CONCEPT PLAN OPTIONS
The design team worked with key project representatives from MTS to develop and test various alternate
facility concept layouts based on the various charging technologies and how each charging technologies, once
applied to the IAD facility, impacted the site’s functional on-site vehicle and workflow and physical
requirements such as accommodating the full anticipated fleet parking and space to accommodate new
electrical charging service infrastructure. All developed concepts, including concepts tested that failed to
produce a viable master plan, are described in this chapter. All the concepts discussed in this chapter assume
the use of overhead piston dispensers. All concepts also assume that any existing BEB infrastructure can
remain. An MTS preferred and selected IAD ZEB Master Plan Concept option was chosen which will form the
basis of design of the preliminary design. This selected Master Plan Concept will be further discussed in
Chapter 5.
The developed concepts took the following ZEB distribution schedule into consideration:

FISCAL YEAR QUANTITY OF NEW ZEBs RUNNING TOTAL
2025 10 10
2026 13 23
2030 33 56
2031 26 82
2034 37 119

Table 3: ZEB Distribution Schedule

To reduce the number redundant concepts to review and maximize the number of option configurations
considered, the option variables were broken down into three main decision categories

1. New Medium Voltage Switchgear Location
2. Big Box Charger vs Individual Charger Cabinets
3. Charger Infrastructure Location

Each of the decision variables were shown as described below but not on every possible combination.  If MTS
selected a MV voltage switchgear location it would work with most of the other developed charger type and
location scenarios.  Configurations of concept variables not included on day 1 of the design charrette workshop
but were discussed and wanting more discussion were developed for day 2 of the design charrette workshop
and refined in the final selected master plan concept on day 3 of the design charrette workshop.
The following options were developed and presented to MTS:
Medium Voltage Switchgear Location Options

¶ Option 1 Location – Brewery: This location shows the new medium voltage service coming into the
site adjacent to the existing BEB infrastructure. This option required the loss of several staff parking
positions in order to provide adequate room for the new switchgear.

¶ Option 2 Location – Condo: This location shows the new medium voltage service coming into the
north side of the site adjacent to the service gate in a underutilized site area. This option minimally
impacts the site in terms of parking area and circulation. This is the preferred concept to be
discussed further in chapter 5.

Charging Infrastructure Equipment

¶ Option 1 – 1.5 MW Big Box: This equipment option utilizes a large container that contains everything
required to charge 20 positions at 75 kW concurrently, or up to 40 parking positions at 1:2 charging,
including transformers, distribution panels, and charging cabinets. The container connects directly to
the new medium voltage service, steps the medium voltage down to 480V, rectifies the AC power to
DC power, and finally outputs DC power to numerous dispensers.

¶ Option 2 – Individual Cabinets: This equipment option utilizes individual nominal 150kW charging
cabinets that connect back to a unit substation. The unit substation then connects back to the new
medium voltage switchgear, where the new medium voltage service enters the site. The unit
substation consists of a medium voltage to low voltage transformer and low voltage distribution
panels, which then connect to the individual charging cabinets. This is the preferred concept to be
discussed further in chapter 5.
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¶ Note futureproofing.  One of the advantages of the individual cabinet option is that the space needed
to accommodate individual charging cabinets and unit will be large enough to accommodate a big
box charger in the future if, as BEB charging technology if quickly developing, big box MV chargers
were to replace the individual charges at the end of their lifecycle.

Charging Infrastructure Locations

¶ Option 1 – Ground Mounted Infrastructure: This option shows all of the necessary charging
infrastructure after the medium voltage switchgear installed on an elevated curb at grade, occupying
a whole parking track in both north lot and the south lot.  This is the approach being installed now for
charging infrastructure at SBMF BEB Phase 1.

¶ Option 2 – Platform Mounted Infrastructure: This option shows all the necessary charging
infrastructure after the medium voltage switchgear installed on an elevated platform over the level of
the buses. Minimal parking is occupied by new structural columns, and no equipment is installed at
grade. Both lots in this option utilize steel framing with a concrete deck.

¶ Option 3 – Platform Mounted Infrastructure North Lot, Parking Deck Mounted Infrastructure South
Lot: This option shows all the necessary charging infrastructure after the medium voltage switchgear
mounted overhead over the level of parked buses. The north lot in this option utilizes steel framing
with a concrete deck, and the south lot utilizes a new parking deck structure, with bus parking at
grade, and additional staff parking on the new elevated parking deck. The parking deck also supports
necessary charging infrastructure for the buses parked at grade. This is the preferred concept to be
discussed further in chapter 5.

Note The resilient power options (PV, portable generation and BESS) were able to be incorporated into all
charging infrastructure location concepts.

In all the options described above, minimal to no impact is expected for the underground storage tanks (USTs)
adjacent to the fuel lanes. but once the overhead structure is installed, the tanks would be effectively
impossible to remove. Prior to and separate from construction of Phase 1, MTS will remove the USTs and replace
them with aboveground storage systems.

The following table provides a quick designated parking count summary comparing the Charging
Infrastructure Location options for on-site parking. It is assumed that, for the overhead steel options in the
south lot, a similar staff parking arrangement can be maintained as is currently being utilized (i.e. overnight for
bus parking, day time for staff vehicle parking in the south lot). Numbers in brackets indicate difference
between existing and master plan. Note that for staff parking, all options assume that the existing CNG yard
and BEB infrastructure are removed in favor of staff parking.

OPTION 40’ BUS PARKING 60’ BUS PARKING TOTAL
CHARGING

STAFF
PARKING

NRV
PARKING

Existing 45 (North Lot)
53 (South Lot) 36 (South Lot) 6 172 38

Ovhd Steel Frame w
Equipment on

Ground

35 (North Lot) [-10]
46 (South Lot) [-7] 36 (South Lot) [0] 117 [+111] 152 [-20]* 38 [0]

Ovhd Steel Frame w
Equipment
Overhead

40 (North Lot) [-5]
46 (South Lot) [-7] 36 (South Lot) [0] 122 [+116] 172 [0]* 38 [0]

Ovhd Steel Frame
and Parking Deck

40 (North Lot) [-5]
60 (South Lot) [+7] 36 (South Lot) [0] 136 [+130] 232 [+60]** 44 [+6]

* Staff parking in bus parking tracks
** No staff parking in bus parking tracks

Table 4: Parking Positions per Option

A bus operator survey was conducted by MTS to gauge the current amount of bus operators parking on-site vs
off-site. The survey received a 90% response rate, so it is assumed that the remaining 10% of operators follow
a similar on-site vs off-site distribution. Of the replies received, a maximum of 48 out of 243 drivers currently
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park off-site or do not drive themselves to work. It is assumed that the decision to not drive to work is influenced
by the need to park off-site, or from being dissuaded from parking on-site. Taking this into account, as well as
an additional 10% for those responses not received, an estimated 60 additional car parking spaces would be
required to accommodate all bus operators on a given day. The “Overhead Steel Frame and Parking Deck”
option accommodates an additional 65 staff and NRV parking positions, allowing those that park off-site or do
not drive themselves to work due to lack of parking, to instead be able to park on-site.

In the case that the CNG yard is demolished, additional employee parking can be gained. If the existing BEB
infrastructure is retained, up to 18 additional parking positions can be gained. If the existing BEB infrastructure
is removed, up to 23 additional parking positions can be gained.

HYDROGEN
The concepts presented below do not have provisions for a hydrogen storage yard, but there are a number of
things to consider when planning for the fueling of hydrogen buses. Setbacks to structures, property lines,  and
other facilities are required for both the storage system as well as the dispensing area. The setbacks for the
hydrogen storage area are defined and quantified in “NFPA 2 – Hydrogen Technologies Code.”

For the dispensing area, a certain minimum distance must be maintained from storage tanks as well as public
sidewalks, depending on a number of factors. These requirements  are found in a different section of the NFPA
Code (NFPA 55).

For a given hydrogen storage system, there are 2 major components that have separate setback requirements:

1. The liquid hydrogen storage tank, and
2. The gaseous hydrogen storage tank

For each of these components, there are 3 groups of setback categories (referred to as “Exposures Groups”),
listed below. For the liquid hydrogen storage tanks, the setbacks are determined by the overall volume of the
tank. For the gaseous storage tanks, the setbacks are determined by the pressure of the tank, as well as the
smallest pipe diameter.

- Exposures Group 1
o Lot lines
o Air intakes
o Operable openings in buildings and other structures
o Ignition sources (open flames, welding stations, etc)

- Exposures Group 2
o Exposed persons (other than those servicing the system)
o Parked cars

- Exposures Group 3
o Buildings (combustible / non-combustible)
o Flammable gas storage systems (above or below ground)
o Hazardous materials storage (above or below ground)
o Combustible materials (slow or fast burning)
o Unopenable openings in buildings and other structures
o Overhead utilities
o Piping containing hazardous materials
o Flammable gas metering

Other considerations for interior installations vs exterior installations of systems can be accounted for in NFPA
2, but for this project it is assumed that hydrogen systems are only under consideration for outdoor installation.

An example hydrogen storage yard for fueling 90 Hydrogen buses is shown in Figure 4.1, showing the overall
setbacks for each of the exposures group. The example yard consists of an 18,000 gal liquid hydrogen storage
tank, gaseous hydrogen storage vessel, pumps, chillers, etc. Assuming the daily use of hydrogen per bus is 30
kg and two hydrogen fueling lanes, the system is capable of fueling a fleet of 90 hydrogen buses in less than 7
hours. Additionally, this system would be required to have hydrogen delivered 4-5 times a week. Additional
storage could be added to minimize the delivery requirements, but that would require additional space for
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the tanks, as well as space for the required setbacks. As this is an example, there may be various changes to
the layout to better accommodate the tight fit of the site (fewer buses being hydrogen fueled requiring smaller
storage tanks, as an example) that could reduce the overall setback requirements.

Figure 4.1: Example Hydrogen Storage Yard
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New Medium Voltage Switchgear Option 1 – Brewery Location
In this option, it is proposed that the new medium voltage switchgear, which is the new entry point for medium
voltage service, be installed adjacent to the existing BEB infrastructure at the western edge of the site, at the
end of L Street.

Figures 4.3 “Ground Mounted Cabinet Equipment” and 4.4 “Platform Cabinet Equipment” show both proposed
switchgear location options on the western side of the site.

Pros : Cons :
¶ Installation adjacent to existing BEB

infrastructure, and other SDG&E MTS
transformers, minimal separation of service.

¶ The new required medium voltage switchgear
occupies staff parking spaces.

¶ Getting power from the medium voltage
switchgear to the new unit substations requires
working with and around many existing
utilities.

This option was discarded due to the amount of existing utility interaction that would be required, in addition
to loss of staff parking.
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New Medium Voltage Switchgear Option 2 – Condo Location (SELECTED)
In this option, it is proposed that the new medium voltage switchgear, which is the new entry point for the
new medium voltage service, be installed near the service gate at the north side of the site, adjacent to K Street.

Figures 4.3 “Ground Mounted Cabinet Equipment” and 4.4 “Platform Cabinet Equipment” show both proposed
switchgear location options on the western side of the site.

Pros : Cons :
¶ No loss of parking, or interruption of circulation. ¶ Distant from existing BEB infrastructure

¶ Will require new SDG&E MV entrance to be
coordinated with existing fire line and backflow
preventer at northwest corner of the IAD site
along K Street.

¶ Will required contractor to build new
underground service feeders across the active
three service lanes.

This option was selected due to minimal existing utility interaction, as well as minimal impact to existing
parking and circulation.

A preliminary design has been provided by SDGE that shows a potential path for power to enter the site. Power
would enter the site from north, at the gate across the street from 15th street, cross the site along the employee
parking between the two gates at the northern boundary of the site and enter this selected New Medium
Voltage Switchgear Location option. Refer to Appendix C for the base drawing.
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New Charging Infrastructure Equipment Option 1 – 1.5 MW Big Box
In this option, it is proposed that a large, containerized solution be used to charge up to 40 positions. The
necessary infrastructure is to be provided entirely within the footprint of the large container, and includes
medium to low voltage transformers, necessary distribution, and charging cabinets. This solution can be
utilized on an elevated curb, or on an overhead structure.

Refer to Figure 4.2 “Charger Layout Options” for difference in required infrastructure and space between the
proposed charging equipment options.

Pros : Cons :
¶ Reduces footprint required to charge 40

positions significantly.
¶ All in one solution in a single container by a

single OEM

¶ Newer developing technology.  While initial
units are commercially available and pilot
installation area beginning to be installed in
North America, no long-term data of reliability
or utilization issues.

¶ Unit contains multiple removable ‘power
modules’ that energize the overhead
dispensers.  If a power modules maintenance
needs to be performed, this likely will result in a
shutdown of the entire unit, resulting in loss of
charging for any positions connected to the
unit.

¶ Alternatively, the big box can be temporarily
de-energized, individual power module(s)
remove for maintenance and the big box re-
energized with the remaining attached power
modules energizing their respective dispensers.

This option was also discarded due to the fact it is new yet unproven technology.  Additionally, in a scenario
where the multi-MW big box was designed around but individual charging cabinets were ultimately selected
or tried to replace the big box chargers in the future, there would not be enough room on the platforms to
support the alternate individual charging cabinet and unit substation infrastructure.
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New Charging Infrastructure Equipment Option 2 – Individual Cabinets
(SELECTED)
In this option, it is proposed that the charging positions be electrified through the use of several individual
charging cabinets. The infrastructure required for this option is a unit substation, which consists of a medium
to low voltage transformer and low voltage distribution panels, as well as several individual charging cabinets.

Refer to Figure 4.2 “Charger Layout Options” for difference in required infrastructure and space between the
proposed charging equipment options.

Pros : Cons :
¶ If maintenance needs to be performed on a

cabinet, the individual cabinet can be shut
off, only affecting 3 charging positions
instead of many more charging positions.

¶ Established charging technology across the
transit industry and currently being
installed at SBMF BEB Master Plan Phase 1

¶ Elevated decking and curb islands sized to
support individual unit substations and
individual charging cabinets can be
retrofitted at a later future date with a big
box type charger.

¶ More space required than the 1.5 MW box
option.

¶ More individual parts and pieces from separate
OEMs

This option was selected over the 1.5 MW box, due to being able to maintain cabinets individually while only
shutting down 3 charging positions per cabinet instead of many more and for the preference to utilizing more
established BEB charging technology without limiting the ability to use a future big box charging system in
the future.
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Support for New Charging Infrastructure Option 1 – Equipment Installed on
Elevated Curb in North Lot and South Lot
In this option, it is proposed that the selected infrastructure be installed on an elevated curb at grade. In order
to accommodate the necessary electrical infrastructure, at least one parking track per lot must be utilized for
the charging infrastructure. This ground mounted charging equipment by repurposing a bus parking lane was
the selected solution at the SBMF Phase 1. Due to the length of the parking tracks removed, both individual
cabinets and unit substations, or the large 1.5 MW boxes are proposed to be installed on the same size elevated
curb. Minimal overhead structure is proposed to be installed over the north lot and the south lot sized only to
hold overhead power distribution, overhead piston dispenser and PV panels. No equipment overhead concrete
deck with this option.

Trenching is required from the medium voltage switchgear to the elevated curb, along the entire length of the
elevated curb, and down to the south lot elevated curb, and finally along the length of that entire curb.

Along with the necessary charging infrastructure, there is potential for PV panels to be installed on the new
overhead steel structure.

Refer to Figure 4.3 “Ground Mounted Cabinet Equipment”, for a representation of this yard layout option. Note
that the graphic shown indicates an individual charging cabinets layout.

Pros : Cons :
¶ Minimal structure required overhead, only need

to support pantographs and necessary cables
and distribution.

¶ Charging equipment and infrastructure at
grade for ease of maintenance and service
access

¶ Matched approach utilized at Phase 1 SBMF

¶ Lose at least one parking track in both the
north and the south lot.

¶ Requires more trenching and ground
disturbance in both lots.

¶ Past on-site excavation uncovered a significant
amount of hence forth unknown debris and un-
marked active and abandoned underground
utilities

This option was discarded in favor of retaining as much parking as possible.
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Support for New Charging Infrastructure Option 2 – Equipment Installed on
New Overhead Steel Frame in North Lot and South Lot
In this option, it is proposed that all necessary charging infrastructure after the medium voltage switchgear be
installed over the level of the buses, thereby maximizing the amount of ground space available for parking.
Overhead steel structure is proposed to be installed over both the north lot and the south lot, with a concrete
deck cast overhead to support the necessary charging infrastructure. Both the charging cabinets and the unit
substations, or the large 1.5 MW boxes are proposed to be installed on this overhead structure.

The trenching required for this option is from the medium voltage switchgear to one of the columns of the
new proposed structure in the north lot. Additional trenching may be required to get power to the south lot
overhead platform, or an “AC Power Bridge” could be constructed to avoid additional trenching.

Along with the necessary charging infrastructure, there is potential for PV panels to be installed on the new
overhead steel structure.

Refer to Figure 4.4 “Platform Mounted Cabinet Equipment” for a representation of this yard layout option. Note
that the graphic shown indicates an individual charging cabinets layout.

Pros : Cons :
¶ Minimize required trenching
¶ Maximize ground space for bus parking
¶ Reduce quantity of obstacles at grade.

¶ A more significant structure is required
compared to the “equipment installed on
elevated curb” option in order to support the
necessary charging infrastructure.

¶ Charging infrastructure is on elevated platforms
not at grade

Note fixed deck access stairs not service ladders will
mitigate access issues to elevated charging
equipment but charging equipment will still be
largely out of casual visual inspection

This option was discarded in favor of the similar parking deck option, as the parking deck option afforded more
staff and MTS non-revenue (NRV) car parking space.
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Support for New Charging Infrastructure Option 3 – Equipment Installed on
New Overhead Steel Frame in North Lot, Elevated Parking Deck in South Lot
(SELECTED)
In this option, it is proposed that a steel overhead frame be installed in the north lot in order to support the
overhead mounted charging infrastructure, thereby maximizing the amount of ground space available for bus
parking. In the south lot, a new parking structure is proposed to be built, with bus parking at grade, and staff
parking and charging infrastructure on the upper level of the deck. Again, by installing the necessary charging
infrastructure overhead, the maximum amount of ground space becomes available for bus parking. Both the
individual cabinets and unit substations, or the large 1.5 MW boxes are proposed to be installed on both the
concrete platform above the north lot, as well as on a portion of the new elevated parking deck on level with
the car parking.

The overall clearance under the parking deck will be less than what can be achieved with the overhead steel
structure in the North Lot. This is primarily due to the desire to keep the top of the parking deck at the same
level as the second floor of the administration building. This results in approximately 15.5’ clear for pantographs
to be mounted. Assuming a bus height of 11’-4”, this allows approximately 4’ of clearance between the roof of
the bus and the high points of the underside of the structure available for pantographs. This is enough space
to allow both a piston pantograph dispenser and an arm pantograph to be utilized.

The trenching required for this option is from the medium voltage switchgear to one of the columns of the
new proposed structure in the north lot. Additional trenching may be required to get power to the south lot
parking deck, or an “AC Power Bridge” could be constructed to avoid additional trenching.

Along with the necessary charging infrastructure, there is potential for PV panels to be installed on the new
overhead steel structure in the north lot. Additional PV can be installed on the parking deck as well, with
additional light steel framing required to mount the PV panels over the level of the car parking / charging
infrastructure.

Refer to Figure 4.5 “Platform and Parking Deck Mounted Cabinet Equipment” for a representation of this yard
layout option. Note that the graphic shown indicates an individual charging cabinets layout.

Pros : Cons :
¶ Minimize required trenching
¶ Maximize ground space bus parking
¶ Increases potential for bus parking as relocated

at grade car parking frees up grade level space
for bus parking

¶ Maximizes and increases car parking on site
with utilization of the elevated car parking deck

¶ Reduce number of private car circulating and
parking at grade and in doing so reduces the
potential interaction of private cars and bus
traffic at grade

¶ Proposed direct access to second floor of the
administration and operation building from the
new parking area on the parking deck.

¶ A more significant structure is required
compared to the “equipment installed on
elevated curb” option in order to support the
necessary charging infrastructure in the north
lot

¶ Costs associated with constructing a parking
deck in the south lot.

¶ Multiple construction stages will be needed to
construct parking deck with all IAD MTS
vehicles operating on site. Likely staff cars and
NRVs would be temporarily moved offsite to
allow for garage construction

¶ Phasing in piers will impact parking, as pier
locations will have rebar poking out of the
ground.

Note construction stages could be reduced if MTS
had another property to temporarily relocate a
portion of the IAD bus, staff and NRV cars during
construction.

This option was selected ultimately due to the increase in bus parking capacity, increase of staff and NRV
parking, as well as improving site circulation by reducing the number of staff cars co-mingling with bus
circulation at grade.
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The overall cost for constructing a parking deck is roughly $13.6 million. The overall cost for constructing a steel
frame is roughly $3.3 million. The major difference between the parking deck and the light steel frame (barring
cost) is the quantity of parking positions for staff. Refer to Table 4 for parking counts.
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Figure 4.2 -Ground Mounted Cabinet Equipment
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SELECTED MASTER PLAN
The MTS selected master plan design concept outlined in this chapter is based on the following criteria:

¶ Maximize and increase the amount of available ground space for bus parking
¶ Minimize the loss of staff and non-revenue vehicle (NRV) parking and / or increase private and NRV parking

space count
¶ Utilize overhead piston dispensers
¶ Utilize DC charging cabinets in a 1:3 charging ratio.
¶ Minimize disturbance of existing utility infrastructure
¶ Minimize ground disturbance
¶ Maintain existing BEB infrastructure throughout phasing.
¶ Maintain existing bus site circulation
¶ Improve operations site flow by allowing bus operators to drive up to the second level and walk directly

into MTS Operations for morning check-in / evening check-out with limited need to cross onsite bud
circulation traffic

The site plan developed was based on three items of which MTS needed to make a choice of options
presented. The items presented were (1) Two options for the location of the Medium Voltage Switchgear, (2)
Two options for the Charging Infrastructure Equipment and (3) Three options for the location of the Charging
infrastructure Equipment. Chapter 4 provides a discussion, in detail, of all options.

MTS has selected the following options:

¶ Medium Voltage Switchgear Option 2 – Condo Location: The selected option was to install the new
Medium Voltage Switchgear near the service gate because it minimized interaction with existing utilities,
as well as minimized the impact on staff parking and vehicle circulation.

¶ Charging Infrastructure Equipment Option 2 – Individual Cabinets: The selected charging infrastructure
equipment was individual charging cabinets and unit substations. This selected option allows flexibility to
install either option should a decision be made later to install the other option. The unit substations serve
as the connection point between the charging cabinets and the Medium Voltage Switchgear. The unit
substation consists of a medium to low voltage transformer, as well as low voltage distribution panels. The
charging cabinets connect to the low voltage distribution panels, convert the power from AC to DC, and
output the DC power to the dispensers. Each cabinet can connect to up to three dispensers.

¶ Charging Infrastructure Location Option 3 – Platform Mounted Infrastructure North Lot, Parking Deck
Mounted Infrastructure South Lot: The selected charging infrastructure after the new Medium Voltage
Switchgear was proposed to be installed on three different structural options. The option selected was to
install an overhead steel support frame over the north lot to hold the selected charging infrastructure and
construct a new parking deck over the south lot, providing space for the selected charging infrastructure,
as well as staff vehicle parking on the upper level of the deck, with bus parking kept at grade.

With MTS providing their preferred and selected options, the development of the master plan exhibits,
and estimate are simply referred to as the IAD ZEB Master Plan.

The combination of the selected criteria can be seen on Figure 4.5 “Platform and Parking Deck Cabinet
Equipment,” as well as in more detail in Appendix B. The track widths in the master plan are nominally the
same width as the existing parking tracks, with the exception of providing adequate space for structural
columns.

The selected criteria allow for the continued use of the fuel lanes and wash lane, as well the existing
maintenance building. Upon full electrification, it is proposed that the existing fuel lanes become repurposed
to be service lanes.

The overall site flow is designed to be unchanged, except for subtle differences of actions along the site flow
based on vehicle fuel type. BEBs follow the same path (staging, service crew moving through service lanes,
wash, park) as CNG buses. While BEBs are parked at the service / fuel lanes, they will not be connected to a
charger. When parked after nightly service, BEBs under piston dispensers will have their parking brakes set to
initiate the charging buses, whereas CNG buses are simply parked. Other non-fueling services normally
performed during fueling, such as vaulting, collection of bad order tickets, tire pressure check, and interior bus
clean, can still be performed for all bus types. All buses regardless of fuel type will enter and exit the same gates
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at the same times of day. Staff will no longer have to hot park (cars and buses utilizing the same site area for
parking at different times of day) in bus parking tracks, as additional car parking is to be provided on the top
of the new parking deck.

Solar power is an option to be explored, as the steel structure over the north lot can support solar panels.
Additional structure would be required over the parking deck, but solar power could also be utilized in the
south lot.

The existing CNG yard can also be removed upon full electrification, in favor of more charging positions for
buses, vehicle parking for staff / NRV, battery storage, etc.
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INTRODUCTION
There are several different methods for achieving 100% electrification utilizing the selected master plan
concept. This chapter will discuss a method that doesn’t require a full shut-down of the yard while 100% BEB
IAD Master Plan Concept is being implemented, with minimal vehicle displacement to other available on IAD
site areas. The criteria for implementation phases are as follows:

¶ Yard to retain functionality during construction.
¶ Fuel, wash, maintenance, and pull-in / pull-out should be minimally impacted during construction.
¶ Minimize the number of displaced buses during construction.
¶ Maintain the existing charging infrastructure and usage during the construction of Phase 1, for a majority

of Phase 2 construction, and potentially the construction of Phase 3.

During the construction of the parking deck, any bus displacement will be coordinated with the Shakeup
Schedule.

The following sections provide a detailed description of each of the identified IAD ZEB Master Plan
Implementation Phases, as well as the individual steps, or construction Stages, required to complete each
master plan implementation phase.

Refer to Figure 6.1 “Overall Phasing Plan” for illustration of proposed phases. Refer to Appendix B for conceptual
step-by-step illustrations of Phase 1 and 2 construction staging.

Table 5 below shows the total bus and staff parking with gains / losses shown in [brackets] when compared to
the previous phase (all of Phase 1 in comparison to Existing, all of Phase 2 in comparison to Phase 1.F, etc.). In
“Phase X.Y,” “X” represents a given phase, and “Y” represents a given stage, or step in construction. Each stage is
described in more detail in the following sections. Note that charging positions are included in the net bus
parking columns totals. Stages in bold indicate completion of a given phase.

Phase NET 40’
Bus Parking

40’
Charging

NET 60’ Bus
Parking

60’
Charging

Staff
Parking

NRV
Parking

Existing 98 6 36 0 172 38
Phase 1.A-B 73 [-25] 6 36 0 172 38
Phase 1.C 98 6 36 0 172 38
Phase 1.D-E 73 [-25] 6 36 0 172 38
Phase 1.F 98 36 [+30] 36 0 172 38
Phase 2.A-B 88 [-10] 36 36 0 172 38
Phase 2.C 98 46 [+10] 36 0 172 38
Phase 2.D-E 98 46 [+10] 36 0 101 [-71] 38
Phase 2.F 110 [+12] 46 [+10] 36 0 151 [-21] 44 [+6]
Phase 2.G-H 95 [-3] 46 [+10] 20 [-16] 0 120 [-52] 44 [+6]
Phase 2.I 107 [+9] 70 [+34] 32 [-4] 0 160 [-12] 44 [+6]
Phase 2.J-K 94 [-4] 70 [+34] 8 [-28] 0 129 [-43] 44 [+6]
Phase 2.L 100 [+2] 70 [+34] 36 26 [+26] 167 [-5] 44 [+6]
Phase 2.M-N 64 [-34] 54 [+28] 32 [-4] 26 [+26] 167 [-5] 44 [+6]
Phase 2.O 100 [+2] 70 [+34] 36 26 [+26] 209 [+35] 44 [+6]
Phase 3.A-B 100 70 24 [-12] 24 [-2] 209 44
Phase 3.C 100 70 36 36 [+10] 209 44
Phase 3.D-E 82 [-18] 70 36 36 [+10] 209 44
Phase 3.F 100 88 [+18] 36 36 [+10] 209 44
Phase 3.G-H 88 [-12] 88 [+18] 36 36 [+10] 209 44
Phase 3.I 100 100 [+30] 36 36 [+10] 209 44
CNG Removed,
Parking Added 100 100 36 36 232 [+25] 44

Final vs
Existing 100 [+2] 100 [+94] 36 [0] 36 [+36] 232 [+60] 44 [+6]

Table 5: Parking per Stage
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PHASE 1
Upon completion of Phase 1, there shall be charging infrastructure in order to provide charging for up to 30
bus parking positions. The overall structure shall be completed over the entire North Lot covering forty (40) bus
parking spaces, but overhead dispensers and quantity of charging cabinets will be limited to what is needed
to support the initial Phase 1 thirty (30) incoming BEB fleet. The remaining ten (10) non-electric bus north
parking positions will not be capable of charging until the requisite pantographs and charging cabinets are
installed. At the completion of Phase 1 there will be a total of thirty (30) 40-foot BEB charging positions at the
north lot, as well as the existing six charging positions being retained at the south lot.
The new infrastructure provided in Phase 1 is as follows:

¶ New SDG&E Medium Voltage Service Entrance. This new MV service entrance switchgear shall be
sized to accommodate the ultimate full charging infrastructure needed for Phase 1, 2 and 3.

¶ Necessary trenching from the medium voltage switchgear to the new overhead steel structure. The
trench shall be sized appropriately for the charging infrastructure to be provided in Phase 2 and Phase
3 plus additional spare conduits.

¶ New overhead steel support structure over North Lot. The structure shall be sized to support a new
unit substation, as well as at least 14 individual charging cabinets which utilize as 3:1 chargers will
support. The structure shall also be sized to accommodate a Battery Energy Storage System (BESS).
Accommodations for PV panels shall also be made.

¶ New unit substation. The substation shall be sized for 14 individual charging cabinets capable of
energizing forty (40) overhead piston dispensers.

¶ New charging cabinets. At the completion of phase 1, there shall be ten (10) charging cabinets
providing power for thirty (30) overhead piston dispensers.

¶ New overhead piston dispensers. At the completion of Phase 1, there shall be thirty (30) piston
dispensers.

The proposed steps required to complete implementation of Phase 1 are listed below. Refer to Figure 6.2 “North
Lot Phase 1 Staging” for a visual representation of the anticipated conceptual construction staging needed to
construct Phase 1 and maintain on-site transit operations.

¶ Stage A: Remove striping of the tracks on the east side of the north lot, and displace 25 bus parking
positions. Affected buses can stay on site in crush parking or be temporarily relocated off-site to a
secondary location TBD during detailed design.

¶ Stage B: Construction of the eastern half of the overhead platform. Upon completion of this stage,
there will be no charging positions available, as the necessary charging infrastructure is proposed to
be on the west side. The new medium voltage switchgear is proposed to be installed in this stage as
well. The necessary trenching can also be completed but will not connect to the new structure at the
completion of this stage.

¶ Stage C: Construction contractor vacates the Stage B construction area; the newly vacated former
Stage B area is available for MTS possession and the former displaced CNG buses are re-parked in the
former Stage B site area. The site can be used normally at the completion of this stage with CNG buses
parked under installed but not yet energized overhead piston dispensers.

¶ Stage D: Remove striping of the existing tracks on the west side of the north lot and displace 25 bus
parking positions. Affected buses can stay on site in crush parking or be sent to a secondary location.

¶ Stage E: Construction of the western half of the overhead platform, as well as installation of necessary
charging infrastructure. Upon completion of this stage, all 30 proposed charging positions can begin
charging vehicles.

¶ Stage F: Repark displaced buses. The site can be used normally at the end of this stage. Existing
vehicles can also begin to be replaced with new BEBs and charged in the North Lot parking spaces
upon completion of Phase 1. Completion of this stage marks the completion of Master Plan
Implementation Phase 1.

PHASE 2
Upon completion of Phase 2, there shall be an additional ten (10) charging positions in the north lot, as well as
fifty (50) new charging positions in the south lot. No additional structure is proposed to be added in the north
lot, only the addition of the necessary charging infrastructure items. The south lot will have the entire parking
structure built, but at the completion of Phase 2, only the necessary infrastructure for fifty (50) charging
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positions will be added. The total number of charging positions available will be ninety (90) charging positions,
as well as the existing six charging positions.

During the construction of the parking deck, any bus displacement will be coordinated with the Shakeup
Schedule.

The new infrastructure to be added in Phase 2 for the North Lot is as follows:

¶ New charging cabinets. At the completion of Phase 2, there shall be an additional 4 charging cabinets
installed on the now existing overhead concrete deck that was completed in Phase 1. These new
charging cabinets will be connected to the existing unit substation that was installed in Phase 1, and
will provide power to ten (10) new charging positions.

¶ New dispensers. An additional ten (10) overhead piston dispensers will be added at the completion of
phase 2. These new dispensers will be installed on the existing overhead structure.

The new infrastructure to be added in Phase 2 for the South Lot is as follows:

¶ Necessary trenching to connect the medium voltage switchgear to the new unit substation.
¶ New parking deck. At the completion of Phase 2, there will be a new parking deck constructed, that

will provide covered parking for buses as well as an overhead structure to mount dispensers from. The
top of the deck shall allow for car parking and support the necessary unit substations, BESS
equipment, and charging cabinets

¶ New Unit Substation. The substation will be sized for 17 individual charging cabinets.
¶ New Charging Cabinets. During the construction of Phase 2, an additional 17 charging cabinets shall

be installed on the new parking deck. These 17 cabinets will provide power to 50 dispensers to be
installed in phase 2, as well as a final dispenser in Phase 3.

¶ New Dispensers. An additional fifty (50) dispensers will be added by the completion of Phase 2. These
new dispensers will be installed on the new parking deck structure.

The proposed steps to complete this phase are listed below. Refer to Figures 6.3 “North Lot Additional 10 BEB
Staging,” and 6.4 “South Lot Phase 2 Parking Deck Staging“ for visual representations of the staging for Phase
2.

¶ Stage A: Displace ten (10) bus parking positions. Affected buses can remain on site in crush parking or
can be sent to a secondary location.

¶ Stage B: Installation of new charging infrastructure, charging cabinets and overhead piston dispensers.
Tie add equipment to existing unit substation at elevated North Lot deck. Upon completion of this
stage, there shall be ten (10) new charging positions ready to charge vehicles.

¶ Stage C: Reoccupy area.
¶ Stage D: Vacate area. This area is used primarily for staff parking, however it occasionally is used as a

staging area for buses.
¶ Stage E: Drill new piers and erect a portion of the parking deck in the newly vacated area. Upon

completion, structure is fully usable during any subsequent construction.
¶ Stage F: Reoccupy area.
¶ Stage G: Vacate area. Displace 31 bus parking positions and related staff parking. Affected buses can

be kept on site in crush parking or be sent a secondary location.
¶ Stage H: Drill new piers and erect an additional portion of the parking deck in the newly vacated area.

Upon completion, entire structure is usable during any subsequent construction. Previously installed
piston pantographs can now be electrified.

¶ Stage I: Reoccupy area.
¶ Stage J: Vacate area. Displace 39 bus parking and related staff parking. Affected buses can be kept on

site in crush parking or be sent to a secondary location.
¶ Stage K: Drill new piers and erect an additional portion of the parking deck in the newly vacated area.

Upon completion, entire structure is usable during any subsequent construction.
¶ Stage L: Reoccupy area.
¶ Stage M: Vacate area. Displace 40 bus parking. Affected buses can be kept on site in crush parking or

be sent to a secondary location.
¶ Stage N: Drill new piers and erect an additional portion of the parking deck in the newly vacated area.

Upon completion, entire structure is usable during any subsequent construction.
¶ Stage O: Reoccupy area.

6.3



 IMPLEMENTATION SCHEDULE & PHASING

Imperial Avenue Division (IAD) ZEB
Master Plan

Page 29
Final Report

PHASE 3
Upon completion of Phase 3, there shall be an additional ninety (90) charging positions, as well as a new
parking deck providing additional bus parking at grade and additional vehicle parking on the upper level. The
total number of charging positions will be 130, as well as the existing 6 charging positions.
The new infrastructure to be added in Phase 3 is as follows:

¶ New Unit Substation. The substation will be sized for thirteen (13) individual charging cabinets.
¶ New charging cabinets. At the completion of Phase 3, there will be thirteen (13) new charging cabinets

providing power to thirty-nine (39) charging positions.
¶ New dispensers. An additional forty (40) dispensers will be added at the completion of Phase 3.

The proposed steps to complete this phase are listed below. Refer to Figure 6.5 “South Lot Phase 3 Staging” for
a visual representation of the staging for Phase 3.

¶ Stage A: Vacate area. Displace 12 bus parking. Affected buses can be kept on site in crush parking or
be sent to a secondary location.

¶ Stage B: Install unit substation, charging cabinets, and piston dispensers. An additional 10 charging
positions can be added, bringing the number of charging positions on the site to 100.

¶ Stage C: Reoccupy area. Additional CNG buses can be replaced with BEBs at the completion of this
stage.

¶ Stage D: Vacate area. Displace 18 bus parking. Affected buses can be kept on site in crush parking or
sent to a secondary location.

¶ Stage E: Install charging cabinets and piston dispensers. An additional 18 charging positions can be
added, bring the total number of charging positions on the site to 118.

¶ Stage F: Reoccupy area. Additional CNG buses can be replaced with BEBs at the completion of this
stage.

¶ Stage G: Vacate area. Displace 12 bus parking. Affected buses can be kept on site in crush parking or
be sent to a secondary location.

¶ Stage H: Install charging cabinets and piston dispensers. An additional 12 charging positions can be
added, bringing the total number of charging positions on the site to 130.

¶ Stage I: Reoccupy area. Upon completion of this stage, all remaining existing CNG vehicles can be
replaced with new BEBs. Completion of this stage marks the completion of Phase 3, as well as the
completion of the electrification of IAD. The CNG yard in the southwest corner of the site can be
removed once all CNG buses have been decommissioned. Refer to Figure  4.5 “Platform and Parking
Deck Cabinet Equipment” for a potential use of the reclaimed area, as well as  Appendix B for alternate
layouts.
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Figure 6.1 - Overall Phasing Plan
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Figure 6.2 - North Lot Phase 1 Staging
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