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Introduction to EVs




Introduction to EVs

|dentify types:
o Battery Electric Vehicles (BEV)
0 Plug-In Hybrid Electric Vehicles (PHEV)

PHEVs drive demand for reliable EV chargers

In 2024, California had 1.2M EVs registered
and LA County accounted for 400K of those

Understand PEV charging needs for effective
Installation design




EV Chargers &

Networks




Charging Station Levels

Understanding the quantity and type of chargers is fundamental to strong site selection.
Charger speed depends on the vehicle, site usage patterns and available power supply.
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Level 1 Chargers Level 2 Chargers DC Fast Chargers

A Use a standard 120volt AC outlet A 208 - 240 volt AC power outlet or A 50 - 350 kW DC power
(up to 1.4 kW) hard-wired (up to 19 kW)

_ A Up to 175 miles of range in 2030
A 4 -5 miles of range per hour

A 15 -45 miles of range per hour minutes
A \F/Qeehsilél:ggt;a:lepggﬂ(eég(a%:)é)\(/}/gre]ézd A Residential and commercial A High-traffic areas like shopping
periods. properties, workplaces, and public centers, highways, and fleet depots.

locations where vehicles are parked
for a few hours.



Charging Connectors

Connector compatibility ensures reliable operation. NEGcompliant labeling improves safety

Wireless

and serviceability.
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A Charges up to 80 amps,
utilizing 240 volts AC input

A Max power output of a
charger of 19.2 kW.

A Supports single-phase AC
charging for Level 1 & 2

A All cars can use this
connector; some use
adapters

A Combined Charging
System, DC fast charging

A Charges up to 500 amps
and 1,000 volts DC

A Max power output of 360
kW

NACS

A North American
Charging Standard

A Level 1 and 2 AC, and
DC Fast Charging

A Max AC power output
19.2 kW and max DC
power output 360 kW

A

No physical connector
required; 57% losses

Max power output of
11 kW (25 kW soon)

Magnetic field transfer,
alignment is critical

Higher installation
costs, require special
ground infrastructure
and vehicle-specific
receivers.



Battery Technologies

Battery specifications impact EV charger power requirements (e.g., 406v0lt, 800-volt).
Technicians must match chargers to battery characteristics.

Lithium-ion (Li-ion)

A
A
A
A
A
A

Dominant in EVs

High energy density
Long cycle life

Fast charging
Temperature sensitivity

Most expensive

Nickel-Metal Hydride (Ni-MH)

A Historical use in hybrids and early EVs

A Higher density than NiCad, lower than
Li-ion

A Good temperature tolerance

A Less prone to thermal runaway

Nickel-Cadmium (Ni-Cd)

A

A

A

Mature technology, less common
Low energy density

Prone to memory effect -- battery
capacity decreases if not fully
discharged before charging

Least expensive, but cadmium is
highly toxic and banned by many
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Charger Communications

A Vehicle and user authentication
systems (ISO 15118, RFID, apps)

A Open Charge Point Protocol (OCPP)
for backend communication, I"I
monitoring and billing i "I" I . il
A Secure comm. configuration o i
increases security (HTTPS, VPNSs) *"i[l i
(it
Yzt
A Keep firmware updated per o 3
manufacturer specs to prevent | e

cyber threats
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Charger Networks

Network integration is required for billing and monitoring and will help maximize uptime and accessibility.Non-
networked charging solutions are available as well for simpler needs where no backend communications, billing or
monitoring is needed.
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ADA Compliance




ADA Requirements

EV charging must comply with Section 11B812 of the CA Building Code. It integrates
accessibility requirements outlined in Section 11B228.3.
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Stay updated withany changes to ADA regulations to maintain compliance.
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Site Signhage Guidelines

Visible Signage é\
» Install clear, prominent signs to | rstondnone | e
mark EV charger locations and e 8
accessible parking. | ip—— . iy
User Instructions .+ i
» Provide concise charger usage — ELECTRIC VEHICLE
instructions with support contact PARKING FOR

details. o me—— CUSTOMERS ONLY
T Kl HOUR LIMIT

VEHICLES WILL BE
TOWED AT OWNER'S EXPENSE
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Installation Best

Practices




National Electrical Code Article 625 éf

NEC Article 625 is thededicated code section that governs the installation,
wiring methods, and safety requirements for Electric Vehicle Supply Equipment
and Electric Vehicle Power Transfer Systems.

L4 Safety First: Prevents electrical hazards from high-power EV charging
L4 Code Compliance: Required for permit approval and inspections
L4 Reliability : Ensures proper installation for long-term operation

L4 Professional Standard : EVITP certification requires Article 625 knowledge

NEC Article 625 is your roadmap to safe,
compliant EV charger installations.
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For all steps:

4 Key Installation Steps Apply NEC Article 625

=)
3. Preparation Pk ,
/4
5 5 ’
N—"

1. Site Assessment
~0xa®

Engage stakeholders early and document prenstall decisions.

4. Mounting

2. Permitting
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Installation Basics

A Fundamentals: Voltage, current,
grounding

A Use of tools: Multimeters, hand tools,
torque wrenches, drill motors

A Use NEC 110.14(Djorque specs;
reinforce electrical safety




Job Hazard Analysis &
Arc Flash Safety

A NFPA 70E arc flash boundaries and
Personal Protective Equipment
categories

A Lockout/Tagout (LOTO) practices

........
.........
......




Site Assessment
Technigues

A Determine the number of chargers to
be installed

A Evaluate available power capacity
(kVA), grounding, existing panel space
or closest utility feed point for new
service

A Assess ADA compliance and any
environmental risks

RHGELES COUNTY
'ésm\m\on USTRICTS

A Include use of circuit analyzers and
test equipment




Permitting & Regulatory
Compliance

A Obtain permits per local codes and NEC
Article 625.42

A Coordinate with AHJs and provide all
relevant plans and materials

A Don't forget other permitting for trenching,
environmental or exterior work




Utility Coordination

Early utility collaboration ensures adequate
power supply and infrastructure support.
Key considerations include:

Confirm needed service capacity with
utilities (e.g., 200A).

Install conduits and all hardware to
accommodate meter installation.

Documentation

Include transformer diagrams and
coordinate all upgrades in writing.

AN =
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Utility Incentives

A Learn about SCE utility incentives that might be
applicable:

o0 SCE's Rule 29 can help to cover utiligide
infrastructure costs

o Charging equipment must be selected from SCE's
approved list and be networked & ¥

o Charging stations must be operated and maintained for £}’ 3 ¥ T "““""“‘:‘,‘“”“? \E
10 years on a TOU rate : NS F R '

oy *
¥

o Enrolling in an SCE Demand Response program is
required

A In the LADWP service area, rebate incentives are
available under the Charge Up LA! Program for
commercial MD/HD vehicle chargers

0 See Resource Page for link




Labeling &
Documentation

A NEC 110.21 compliant labeling of panels
and circuits

A Keep records: Serial numbers, firmware
versions, IP/MAC addresses
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Site Preparation

A Concrete pads (IBGcompliant), bollards,
and conduit (NEC 625.26)

A Call 811 before digging; mark underground
utilities
A The 5 Call Before You Dig Steps:

ok wbdPE

Notify

Wait

Confirm

Respect (the utility markers)
Carefully Dig
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Electrical Setupt Power
Distribution

Conduit & Hardware

Conduit bending, wire pulling, and breaker
Installation

=
Conductors @

Conductor sizing (e.g., 6 AWG for 40A),
breaker sizing at 125% of load

Y
Ground-fault

Verify ground-fault protection

Grounding @

Grounding electrode bonding and antioxidant
on aluminum terminations




Electrical Setupt Load
Calculations

Calculate the total new load by estimating the
guantity of Level 2 chargers at 240V drawing 32A

(or DC Fast Chargers).

Article 220.83

Apply NEC Article 220.83 and balance
loads across phases.

Document calculations for permitting.

Documentation
Perform different load calcs to simulate

various charger mixes.




Mounting Options

A Wall, pedestal, overhead mounting
hardware

A ASTMt cvgf "cpejgqgt"dgnvu

A Vandalproof designs for public access
sites




9:22 8 2 11m el 95 ]

Load Management e
Systems Ye—

2024 Tesla Model 3RWD
Change vehicle

¥ Energy delivered

A Dynamic load sharing helps to reduce 3.4918 kWh
charging capacity needs S G
A Some systems allow driver input to help 00:39:4% Sk
Influence charging behavior for their car o Session cost @ Miles acded
. . $1.05 14 mi
A Integrate with utility demand response
p rog ram S Session power Session details
A Submetering and energy logging for Mieshe  Amps
compliance \
: :
Graphic: EV driver app showing their charging session is in progress. m T

Stop charging

Report an issue

1] ) E

Locations Start Charging View Sessions



Charger Commissioning

Process includes contractor provisioning
and network provider activation

A
A Verify network settings, change default
passwords, update firmware

A

A

Verify voltage, test comm connections, use
EV simulator

Document installation for warranty and
compliance
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Networking Best
Practices

A Check cellular / wii signal strength
A Avoid metal enclosures
A Research backup connections




Advanced Site Assessment
T Power Quality

A Measure voltage Total Harmonic Distortion
per IEEE 519

A Install surge protection (NEC 625.25)

A Power quality logging for warranties and
diagnostics




Futureproofing Considerations

Planning is essential to accommodate growing EV adoption and technological advancements:

Capacity Upgrades:Design electrical infrastructure to handle increased power demands
as more chargers are added. Each component addsup (e.g., electricaltrenching,
landscaping). Do this once to reducecosts later.

‘ﬁ@% Charger ExpansionPlan for extra conduit, shared metering, modular panels, stub outs and
s’ space for more chargers.

218 Technological Advancements:Staying informed about emerging technologies to integrate
WY’ new features seamlessly.

Futureproofing ensures that your charging infrastructure remains relevant and efficient over time.

34



Pre-Inspection Checklist

Visually check all wiringfor completeness

Torgue all connectionsto NEC 110.14(D)
specifications

Test all circuits with multimeter before
energizing

Verify GFCI operationwith test button
Confirm network connectivity if applicable

Document commissioning process with
voltage/current readings




Public vs. Private Charging Design Considerations

CATEGORY PUBLIC CHARGING PRIVATE CHARGING

User Access Open to general public; high vehicle turnover Restricted to known users (employees, tenants, fleet); low vehicle turnover

Dwell Time 30 min T 2 hours 8T 12 hours

Ukvg"JquvuX" | Maximize visibility and uptime Maximize convenience and reliability for residents or employees

Charger Power Level DC fast charging preferred Level 2

Billing & Access Control Requires public payment systems, card readers, or mobile apps RFID cards, restricted apps, or bundled billing with rent or employment

ADA Compliance Minimum 1 ADA-accessible space per lot ADA required, but subject to interpretation for private-use-only areas

Signage Must be clearly marked, with directional signs May be minimal, limited to site tenants or employees

Permitting Complexity Often requires traffic flow studies, public right -of-way review Depends on occupancy type, building codes, and tenant agreements

Security & Lighting Requires enhanced lighting, surveillance, and safe pedestrian access Requires basic security features and wellit areas

Networking Requirements  Public uptime reporting, OCPP compliance, remote diagnostics May not require full OCPP/networking



Sample Installation Budget: 6 DualPort, Level 2 Chargers

CATEGORY

1. Engineering & Design

2. Permitting & Fees

3. Utility Coordination

4. Charger Equipment

5. Installation Labor

6. Materials & Hardware

7. Networking & Software

8. Contingency

DESCRIPTION

Site plans, Title 24 and CalGreencompliance, stamped electrical drawings,
ADA layout, load calcs.

Permitting, fire department review, CEQA exemptions, ADA inspections, city
encroachment.

Utility service evaluation, transformer upgrades (if needed), load letters,
panel sizing, meter requests.

Networked L2 dual-port chargers with pedestals and cable management.

Prevailing wage for union electricians, trenching, conduit runs, bollards,
mounting, commissioning.

Concrete work, bollards, conduit, wire, signage, wheel stops, ADA
ramps/striping, electrical panels.

OCPP network fees, commissioning, 1styear license, cellular or WiFi
configuration, backend setup.

~107 15% of total cost to cover delays, change orders, or plan check
corrections.

SAMPLE ESTIMATED

COST RANGE

$12,000 7 $18,000

$4,000 7 $7,000

$6,000 7 $18,000

$65,000 7 $95,000

$40,000 7 $60,000

$18,000 7 $30,000

$6,000 7 $10,000

$15,000 T $25,000

$166,000T $263,000*

*This sample budget figures
presented are for educational,
informational, and illustrative
purposes only. They do not
constitute a guarantee, quote,
of services or equipment at
these prices. Actual project
costs may vary significantly
based on site conditions,
equipment selected,
permitting requirements, utility
coordination, and other
factors. County of LA orS
Curve Strategies assumes no
liability for any decisions made
based on this sample budget.
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Common Mistakes




Predict Costly Challenges

Mitigate panel space and
trenching costs

Address ADA access reroutes

and any retrofit issues

Hardened enclosures and site
protection strategies

39



Common Mistakes

Undersized neutrals on multiwire branch
circuits

Missing equipment grounding conductors

Improper connectors (use listed connectors
only)

Conduit not properly supported

Missing weatherproof covers on outdoor
outlets

Inadequate working space per NEC 110.26

o To P Do Po  I»




EV Charging Installations Gone Wrong

Improper Ground Connection

41



EV Charging Installations Gone Wrong
Crushed Ground Wire

42



EV Charging Installations Gone Wrong

Missing Locknuts on Conduit

43



EV Charging Installations Gone Wrong
High Resistance Reading on Charging Cable Conductor

44



EV Charging Installations Gone Wrong
Unsupported Flexible Conduit

45



EV Charging Installations Gone Wrong

Improperly Twisted Wires on Terminal Block

46



EV Charging Installations Gone Wrong

Improper Conduit Routing

>
5o
e /./
T
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, 7
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EV Charging Installations Gone Wrong

Stripped Screw Terminals

R ETT SIRNS

% R e R DTN R
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Case Study




Case Study: Charging Station hstallation

Retail Site:Engaged utility early to plan for

A

o o o Do o

power needs

Challenge:Tight installation schedule and 99%
uptime requirement after placed in-service

Solution:

Four Level 2 charging stations with pedestal
mounts

Networked via cellular using OCPP with backend
New electric service and meter from utility

Each station fed with 50A Breaker and 6 AWG wire
Very high quality permit / material submittals

Tight coordination with utility and AHJ inspectors
improved construction / completion schedule

50



Certifications




Pathway to Certification

A Licensure, 8,000 hours of
experience, coursework, 26hour
Electric Vehicle Infrastructure
Training Program

Occupational Health and Safety
Administration (OSHA) 1Ghour
course is recommended for jobsite
safety

A Includes First Aid and CPR course




For all steps:
Apply NEC Atrticle 625

Article 625 of the National Electrical Code is

Key Take aways the foundation for safe, code-compliant EV

charger installations.

3. Preparation

Physical site preparation affects safety,

1. Site Assessment: appearance, and system durability.

A thorough site assessment is critical to

V —_—
avoid future rework and ensure longterm «%
| i
charger reliability. N\

R

4. Mounting
Proper mounting is essential for user

accessibility, safety, and longterm

&

serviceability.

2. Permitting
Permitting ensures compliance and protects

you from costly delays or code violations.

Engage stakeholders early and document prenstall decisions. i,



Resources




Contact your local authority having jurisdiction to determine the
codes required for your project location.

Electrical Codes

National Electrical Code (NFPA 70)
https://www.nfpa.org/codes -and-standards/nfpa -70-

standard-development/70

National Electrical Code 2023 Updates
https://j2services.us/new -reguirements-for-installin

charging-stations/

Utility Incentives

SCE Rule 2%ttps://www.sce.com/business/smart _-energy-

solar/evs -for-business/rule -29-electric-vehicle-infrastructure

LADWPhttps://tinyurl.com/yc8evjcz

EV Charging Codes

LA County: EV Charging Code and Permitting Checklist

https://dpw.lacounty.gov/bsd/lib/fp/Electrical/Article%2085%20 -
%?20Electric%20Vehicle%20Charging%20Station%20and%20Checkilist.pdf

LA County: Plan Review Lisbttps:/tinyurl.run/UKN5i3

CalGreen Codes and Standards for EV Charging

https://calgreeninfo.com/content/resources?resource topic=70#resourceDispla
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5 Part Site Selection Best Practices Series Charger Locator and Maps

o Dept. of Energyhttps://afdc.energy.gov/stations#/find/nearest
LA County Traininghttps:/isd.lacounty.

charging-stations/ Plugshare https://www.plugshare.com/

Installation Training Technical Assistance

Cerritos College: Advanced Transportation and Logistics Joint Office https://driveelectric.gov/technical -assistance
Program https://www.cerritos.edu/atte/ CA Go Bizhttps:/business.ca.goviwp -content/uploads/2021/05/Bi
Electric Vehicle Infrastructure Training Programnttps:/evitp.org ChargerPermit-Flyer.pdf

Osha Community https://oshacommunity.com
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Thank Youl!

Laura lannaccone or Jennifer Caron

Los Angeles County, Internal Services Department,
Clean Transportation and Energy Team

evprogram@isd.lacounty.gov
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