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|lce Breaker:
What is your favorite Olympic event?
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February 11, 2026

Forum Agenda

01. Introduction to ESB Network

02. Charger Maintenance Best Practices

02.1 Van Wilkins, InCharge Energy
02.2 Tesi Bravo, CALSTART

03. Q&A and Discussion

05. Summary and Closing
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Electric School Bus Network

The Electric School Bus Network accelerates
nationwide school bus fleet electrification through
peer-to-peer networking and dialogue-driven forum
meetings for school districts, advocacy organizations,
government organizations, and industry
representatives. The ESB Network provides access to
educational tools, resources, and subject matter
experts to help support the electric school bus fleet
transition.
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Meet the ESB Team

Rachel Chard Ian Fried Sarah Stalcup-Jones
Director Lead Program Manager Lead Project Manager

Liza Walsh Ibraheem Ameer y Jakne.MoT_re .
Project Manager Project Manager arketing Lea
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Electric School Bus Network Forum Meetings

* Forum meetings are not webinars—they are ongoing discussions where
participation is encouraged

« Goal: Ease the transition to electrify school bus fleets nationwide
« Facilitate conversations
* Provide up-to-date information

« Engage industry, agencies, operators, school districts, advocates, and more
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Van Wilkins, InCharge Energy
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Why Electrical Equipment Maintenance Matters

EV chargers are electrical systems with components
that require maintenance or they fail

Upstream electrical equipment feeding the charger
can cause problems

Planning beats reacting to “unexpected” failure costs

Predictive: use utilization + alerts to spot issues
early

Preventative: scheduled interventions to avoid
unplanned downtime or parts failures

Reactive: run-to-failure is the most expensive option
NFPA-70 National Electric Code for installations

NFPA-70b Electrical Equipment Maintenance
Section 9,2,2 and Table 9.3 Maint. intervals

NFPA-70e Electrical Workplace Safety

©2023 InCharge Energy Incorporated. All Rights Reserved.




Practical Preventative Maintenance for School Districts

« Seasonal PM rhythm: start of year + spring break
* Environmental impacts: dust, heat, cold, moisture, mixed Diesel yards (soot and pollutants)
» Top items: cable care, filters/ventilation, termination torque checks, input voltage quality

©2023 InCharge Energy Incorporated. All Rights Reserved.



What Can Go Wrong -- Real Example Scenarios

» Loose electrical connections — charger faults/failure
« Dirty filters/blocked ventilation — overheating
 Worn cables — damaged bus inlets + safety risk

e Surge or coordination issues — wider outages

Loose Connection, High Resistance, Thermal
Runaway and SPD failure

©2023 InCharge Energy Incorporated. All Rights Reserved.



What Can Go Wrong -- Real Example Scenarios

» Loose electrical connections — charger faults/failure

« Dirty filters/blocked ventilation — overheating

« Worn cables — damaged bus inlets + safety risk

« Surge or coordination issues — wider outages

Bus damaged from a cascade of failures, maintenance intervals
would flag damaged button leading to “harsh” plug ins to make it
work, damaged plug ends, shorted bus inlet.

©2023 InCharge Energy Incorporated. All Rights Reserved.



Tools That Make Maintenance Easier
Remote monitoring + alerts to catch issues sooner

Testing tools: IR, DLRO, Megger, PQ meters
Standard checklists + reminders for consistency
Service agreements for predictable costs

Data from Past PM's and charging sessions for trends

Monitoring Session failures or
failed authorization attempts
prompted a service dispatch
Found a loose CCS1 DC+ wire

©2023 InCharge Energy Incorporated. All Rights Reserved.




Runtime Affects Component Lifecycle and PM

Task

Manufacturer
Rec. Frequency
Standard
Utilization

Standard
Hours of
Utilization
basis

(50% daily)

Standard
Utilization

average

80%
Hours of
Utilizatio
n

90% Hours of
Average Daily
Utilization

95% Hours of
Average Daily
Utilization

100% Hours of
Average Daily
Utilization

100% Hours of
Average Daily
Utilization

Maintenance Tasks

months

hours

days

days

days

days

days

years

Clean the cabinet

1440

120

75.00

66.67

60.000

Do a check for damage on the EV charge cables and the connectors

90

56.25

50.00

45.000

Do a check for damage on the cabinet

180

112.50

100.00

90.000

Replace the filters for the airinlets *

365

225.00

200.00

180.000

Make sure that the manufacturer does the maintenance on the EVSE * (see Maint.
Schedule for the service engineer)

365

225.00

200.00

180.000

Replace the filters for the air outlets *

365

30.00

30.00

30.000

Maintenance Schedule for the service engineer

days

days

days

Measurement & Test Interior Components *

-Inspect and check resistance and torque on AC power input terminations, Internal
Breakers, Contactors, SPD

-Inspect and check resistance and torque on DC output terminations, Contactors, Fuses,
Output Cable terminations

-Inspect and check connections on Communications and Control wiring connections

225.00

100.00

66.32

36.000

Filter inlet kit replace *

30.00

30.00

30.00

30.000

Filter outlet kit replace *

30.00

30.00

30.00

30.000

Fan for power module replace *

843.75

500.00

473.68

225.000

Fan for Charger Cabinet replace *

1125.00

1000.00

947.37

900.000

|Power Module replace *

1687.50

1000.00

947.37

450.000

DC fuse replace *

1125.00

500.00

473.68

675.000

CPI Combo CCS Assembly replace *

1687.50

1500.00

1421.05

1350.000

Touchscreen CPU (HMIJARM-XL Assembly) replace

3375.00

3000.00

2842.11

2700.000

DC outlet contactor 400A replace *

1687.50

1500.00

1421.05

675.000

Interlink contactor 350A replace *

1687.50

1500.00

1421.05

675.000

Power Supply, 24VDC replace

1125.00

1000.00

947.37

900.000

CCS Connector and cable * (Not including daily visual by operators)

56.25

50.00

47.37

45.000

Gun holders

56.25

50.00

47.37

45.000

* (Additional Service Factor for site environmental conditions and critically of operation)




Actionable Takeaways for School Districts

» School Districts best practices PM Spring and Fall

« Driver and Site Staff Feedback, (see something, say something if it doesn’t
work right take action before it cascades to more expensive issues)

* Encourage site personnel to regularly untangle the cables and treat ends with
care

« Use Electrical Infrastructure Preventative Maintenance planning to reduce long-
term downtime and protect grant-funded assets

« Ask your Facilites team what the Switchgear PM cycle is?
« Ask your HSE team when the Arc Flash Study is scheduled?

* Do you know when your next PM is scheduled? Do you have records?

* O

©2023 InCharge Energy Incorporated. All Rights Reserved.



Supplemental Information for Deeper Dive



Right sizing the Maintenance Intervals

powermag.com

Specific condition. cnticality, and desired reliability must be determuned to comrectly apply the matnx.
Application of the matnx, along with the culnunation of lustorical testing data and trending, should
provide a quality electrical preventive mamtenance program.

MAINTENANCE FREQUENCY MATRIX

Equipment Condition

Average

Medinm

Equipment

Reliability
Requirement




Sample Reliability Maintenance Interval Planning

Table 9.2.2 Maintenance Intervals

Equipment condition assessment

Product

Scope of work

Condition 1

Condition 2

Condition 3

Switchgear

Visual
inspection

12 months

12 months

6 months

Cleaning

60 months

36 months

12 months

Lubrication

60 months

36 months

12 months

Mechanical
servicing

60 months

36 months

12 months

Electrical
testing

60 months

36 months

12 months

Special

60 months

36 months

12 months




The basis for EVSE, vehicle and Electrical maintenance can be built on the concept of RCM or Reliability
Centered Maintenance principles. https://en.wikipedia.org/wiki/Reliability-centered_maintenance for
“Background” This was built around keeping Passenger planes in the air and avoiding crashes after
incidents in the 60’s.

This concept is the basis for a reliable, safe and cost effective management of our ESB related electrical
infrastructure.

RCM offers five principal options among the risk management strategies:
Predictive maintenance tasks,

Preventive Restoration or Preventive Replacement maintenance tasks,
Detective maintenance tasks,

Reactive maintenance (Run-to-Failure and then replace it or repair it).

One-time changes to the "system" (changes to hardware design, to operations, or to other things). Think
recalls and campaigns.

For the EVSE whether its AC Chargers, DC Chargers or V2G systems we use the RCM built around the
NFPA requirements, IEEE and NEMA/ Manufacturers Warranty minimums. Each component has an
expected life cycle based on utilization or environment.


https://en.wikipedia.org/wiki/Reliability-centered_maintenance
https://en.wikipedia.org/wiki/Reliability-centered_maintenance
https://en.wikipedia.org/wiki/Reliability-centered_maintenance

Your Baseline from Day 1 of use is built on how the site is designed, engineered, installed and
commissioned.

How much down time can you tolerate per port or per site? (everything needs rest, its if you choose when
or it chooses when)

Is there any spare capacity?

Did the system have its design incorporate the Short Circuit Study? (updates with any major changes to
the site or from the utility min. every five years to validate)

Did the system have its protective device coordination study built for reliability and safety? (which trips or
blows first in a problem, fused switch, charger inside breaker or site main breaker)

Did the system design make it to have a low enough Arc Flash Risk so that an electrician can safely
troubleshoot and repair? ( without the Utility having to shut off the main transformer)

Those questions lead into recommended maintenance cycles, and with the RCM principles just focus on
the basics Predictive, Preventative or Reactive each has a cost and time impact.

Examining modern charging repair patterns we set a minimum of every nine months after install a charger
needs a maintenance interval (our teamis doing >1,700 service tickets per month maintaining 23,000
chargers currently with 12 different OEM’s). Then you add the environment and operational
circumstances and that starts to increase. Most Schools with a high number of ESB’s do a PM within first
couple weeks of school start in the fall and then spring break. Package delivery companies hit end of May
(before summer rush) and fall before holiday peak season.



One site in Nazareth PA has s large mixed24/7 fleet of diesel/electric Trucks in the yard (lots of soot),
adjacent to a mining operation and farming fields with a high level of airborne particles they need monthly
PM.

Switchgear needs mains exercised, GFI’s or Bi-directional relays tested, infrared, torque connections,
cleaning, grounding tested, Surge Protection checked

Distribution panels need breakers exercised, infrared, torque connections, cleaning
Switches and transformers similar needs

Chargers are multiple types of electrical equipment all in one box, Breakers, fuses, transformers, Meters,
Cables, Screens, switches, inverters, fans and filters each with a different maintenance need.

Tracking the cycles and events allows you to start to do predictive when utilization or environmental
iIssues change, or to go reactive when costs require some adjustments of spending.

Remote monitoring and asset performance is part of balancing the electrical costs, repair costs,
maintenance costs, safety, reliability and life cycle.

DC Chargers 7-10 years + with effective program and OEM parts lifespan

AC Chargers 3+ years (cable replacements+truck roll usually more effective to swap out to new)



There are solutions for programs some OEM’s and providers do, like our InService Premium where we
take on the risk of the life cycle and will include whole charger replacements or major parts to get the full
life cycle.

You pay a monthly fee for all in maintenance, monitoring and repairs (excluding parts for vandalism or
accident like bus jumping a curb) and we keep you with a fully functioning charger for 3-10 years or longer,
so you have cost control, one entity to hold accountable and reduced risk of unexpected costs or
downtime.

Here are some examples of what happens with a breakdown in the baseline from Day 1

Improper torqued connections from Switchgear lead to charger failures and warranty invalidation
Air filters not changed overheated so power modules and power supplies fail

Cables not maintained ruined Bus inlet ports

SPD’s failed in the charger (no upstream SPD at the switchgear)

Main Breaker failed site was not properly grounded.



Tesi Bravo, CALSTART
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CALSTART

POWERING RELIABILITY

Preventative Maintenance for EV Infrastructure

calstart.org



Agenda

10al= Hielel=lngl " Why do chargers go offline?

1SR 6T @ Where failures typically happen

The Solution e Preventative Maintenance
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@nergilZE

COMMERCIALVEHICLES

= Tesi Bravo, Deputy Director
= EnergllZE Program
(https://energiize.org/)
= tbravo@ecalstart.org

= 562.955.8935
Ay
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THE PROBLEM

Why do chargers go offline?

calstart.org



Keys to reliable

charging

- Addressing these areas is bower
essential to reliability and
continuous charging. Cguipment

Software
Weather

Operator
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The cost of

downtime

Unreliable chargers
create operational
bottlenecks that go
beyond downtime.

o Offl!ne chargers can’t charge
vehicles

= . .
E Emergency fIXGS are expensive

Vehicles remain out of service
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CALSTART

THE WEAK POINTS

Where failures typically occur

calstart.org



EV Charger Challenges

Charger Part g Typicallssues g Risk =
Connector Head Pin damage & Overheating High Risk
Cable & Cable Management (Wear & Flex fatigue Medium Risk
Cooling System Pump failure & Dirty filter High risk
Contacts & Sensors Wear & Weather damage Medium Risk
Control Unit Heat & Weather damage High Risk
Software Firmware bugs & Updates Low Risk
Upstream Electrical Tripped breakers & Corrosion |High Risk
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CALSTART

THE SOLUTION

Preventative Maintenance

calstart.org



WHAT CAN WE CONTROL?

° | Q A ih,

RESPONSIBLE CLEAN EQUIPMENT PROACTIVE TEST OPERATION SPARE PARTS LOTO — REPORTING
USAGE INSPECTIONS PROCESS

Routine maintenance, smart usage, and good planning can greatly reduce downtime.
« Operator training

« Wipe downs & inspections

 Maintenance logs & scheduled testing

 Filters, cables, connectors
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@nergilZE

COMMERCIALVEHICLES

= Tesi Bravo, Deputy Director
= EnergllZE Program
(https://energiize.org/)
= tbravo@ecalstart.org

= 562.955.8935
A
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THANK YOU

We change transportation for good.

calstart.org
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Thank You for Participating!

» A follow-up email will be sent Friday, February 13, with the

following:
« Recording of the meeting

« Copy of the slide deck

« Keep an eye out for our Charger Maintenance Best Practices

Resource coming soon!

* The next ESB Network Newsletter will be sent on Tuesday,

March 10

* Mark your calendars for the next ESB Network Forum:

« April 8, from 1:00-2:00 p.m. ET
* Please email

our team

with questions for
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mailto:schoolbusteam@calstart.org

www.electricschoolbusnetwork.org
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