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Outline and Summary
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• Goal
– Identify ways to measure successes from public investment in 

charging infrastructure for transportation electrification

– Enable market signals for scaled private sector investment

• Challenges: metrics are subject to uncertainty
– Location-specific build costs, timing of EV need, charger utilization

– Systemic changes: innovative charging technologies and models

• A solution: Concept for efficient infrastructure deployment
– Encourage enablement of charging services, not just charger counts

– How to monitor programs in preparation for scaled need
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By 2025, CA needs 250,000 EV chargers, including 10,000 
DCFCs.  Many factors affect demand and cost.

3

Decarbonization Vehicle 
Regulation

Land Use 
Changes

Energy Storage Charging 
Technologies

Automation, 
Connectivity, & 

Sharing

Renewables 
Integration

Electric Grid 
Modernization
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For chargers to be accepted and installed by customers, charging 
programs must reflect the diversity of the local built environment.
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CEC analysis of CA Department of Motor Vehicles and Department of Finance data

Kern
• 55k Apartment Units
• 10% small, 9% large
• 19% of all Residential

Statewide and utility-
class averages do not 
capture local variation.

New policy, technology, 
and market-based 
solutions are needed.

San Francisco
• 267k Apartment Units
• 47% large, 21% small
• 68% of all ResidentialSierra
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The market has not yet grown to support the goal that
any PEV can plug into any EVSE, anywhere, any time.
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Codes & standards 
are essential for:

Interoperable PEVs, 
EVSE, and 
communication 
networks 

Sending industry 
predictable 
investment 
requirements for 
them to achieve scale 
economies

European Commission Joint Research Center / U.S. DOE - Argonne National Lab, EV-Smart Grid Interoperability Centers
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Competitiveness and readiness of smart and vehicle-
to-grid chargers is improving.
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Investing in capabilities that improve utilization or 
decrease overall costs is critical to enabling benefits.

7

Enabled 
Adoption

$/EV EV Use of 
Charger

$/kWh

Emissions 
Abated

$/ton

New demand

Support additional electric travel for existing EV

Theoretical Use (100% Load Factor) Estimated or Measured Use
Simplifies utilization growth likely over time and 
different types of installations (home, work, public)

Differentiates across types (home, work, public) and 
access management

Can overstate benefits from residential chargers. E.g. 
most are currently used by one car a few times/week.

Normalizing benefit potential to projected or actual use 
encourages business model innovation & 
interoperability, reducing buildout costs.

Does not adjust for the savings in network capacity 
from sharing the charging supply (when capacity is not 
needed coincidently).

Requires data to segment use across locations 
(particularly challenging for public and workplace) and 
geo-temporal analysis.

Investment in 
Charger

$/kW

Time

Operational Costs
$/kWh & $/kW

Emiss. Intensity 
kWh/ton

Replaced Vehicle
Baseline ton

P.U. Code 740.12: “programs…shall seek to minimize overall costs and maximize overall benefits”

Note: The above $/kWh figures do not intend to represent retail charging costs to end-use drivers. Charging services are not subject to regulated 
pricing, nor does charging function as a commodity due to drivers’ schedules, value of time, and subsequent effect on how parking is used.
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Given local built conditions, diverse solutions - each with cost 
and benefit tradeoffs - compete as substitutes.
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LR: DCFC plaza, shared residential, pantograph, wireless, robotic connectors, automated garage, smart adapter, circuit switch, street lamp or 
utility pole-mount, intra-site storage, inter-site storage, V2G transactive charging, PV/storage-backed, H2 fuel cell-backed, wireless + self-reparking.

https://www.cityofsacramento.org/Public-Works/Electric-Vehicle-Initiatives/Curbside-Charging
http://www.projectgreenhome.org/ev.html
https://www.proterra.com/technology/chargers/
https://www.eetimes.com/document.asp?doc_id=1334319
https://www.volkswagenag.com/en/news/stories/2018/03/karla-charges-the-car.html
https://cityliftparking.com/casestudy/broadwaygrand-public-garage
https://science.energy.gov/about/honors-and-awards/rd-100-awards/2017-rd-100-award-finalists/
https://www.getneocharge.com/products
https://cleanpowerexchange.org/streetlights-that-charge-electric-cars-arrive-in-california-city/
https://freewiretech.com/products/mobi-ev/
https://challenges.cityoftomorrow.com/challenge/miami/propose/chargewheel-on-demand-emission-free-charging-for-everything-electric
https://ieeexplore.ieee.org/abstract/document/8328689
https://envisionsolar.com/products/ec-arc/
https://www.afcenergy.com/wp-content/uploads/2019/01/EV-Charge-PR-.pdf
https://www.youtube.com/watch?v=V8xL4gZohuA
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How could advanced charging technology and high 
utilization improve the efficiency of serving 5 PEVs?
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BAU Dual Port V2G Off-Grid V2G + Wireless + 
Level 4 Autonomy

Four PHEVs at work 4 PHEVs + 1 BEV orchestrated at work
(4) $5,000 Level 2s
(4) $5,000 Upgrade
(4) $5,000 Install

(2) $5,000 Level 2s
(2) $5,000 Upgrade
(2) $5,000 Install

(1) $7,000 V2G L2
(2) $5,000 L2s
(2) $5,000 Install

(1) $7,000 V2G L2
(1) $7,000 Wireless
(1) $5,000 Install

V1G BEV V1G BEV V2G BEV V2G BEV
One BEV using one $500 Level 2 EVSE installed for $1,500 at home: $2,000

Total Capital Expenditure (Indexed to Case 1)
$62,000 $32,000 $29,000 $21,000

1 0.52 0.47 0.34

Case 1 Case 2 Case 3 Case 4
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A consistent market signal should enable efficient substitution 
between types of installations and reflect market and policy changes.
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County-Level Supply of Charging Infrastructure

Ranges of Total PEV Charging Needed by Year (kWh)

2025

3) Industry-wide 
cost improvement

2) Introduction of 
new technology

4) Decarbonization 
policy expansion

WTP1
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Work L2

Public L2

DC Fast Charge

2030 2045

1) Baseline Aggregate 
Charging Supply

WTP3
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WTP4

Cost of supplying energy 
via given charger type
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Thank you!

For questions, please contact:
Noel Crisostomo

Air Pollution Specialist

Noel.Crisostomo@energy.ca.gov

916-653-8625
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