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Bidirectional charging is:

• A process by which a bidirectional capable EV works with a 

bidirectional charger / inverter 

• Charger / inverter charges and discharges the car’s battery electrical 

current from the car to operate electrical devices in a home or 

building or through the home to the grid.

• Provides unparalleled resilience for homes AND for the grid.

• EV is able to provide 3 days + power 

What IS “Bidirectional Charging”? 



“V2X”

V2X  =  “VEHICLE TO EVERYTHING”

• V2L  =  “VEHICLE TO LOAD”

• Powers loads in a mobile manner

• V2B  =  “VEHICLE TO BUILDING”

• Powers essential loads in a home or building

• V2G  =  “VEHICLE TO GRID”

• Exports energy through the home or building to the grid

https://www.solarquotes.com.au/electric-vehicles/v2l-v2g-v2h/


DC POWER BIDIRECTIONAL – from the EV battery 

• DC bidirectionality exports the DC energy to a site-based inverter, which converts the 
DC energy to AC for use in the home, or export to the grid 

• Virtually that same manner as a stationary battery + inverter system does.

• OEM sets limit as to how much export they will allow.

• Dcbel technology charges EV “DC direct” from your solar to EV, and only one 
inversion required to AC for home or to the grid 

TYPES OF BIDIRECTIONAL CHARGING

http://www.dcbel.energy/


AC POWER BIDIRECTIONALITY: 

• Requires a modification of the EV’s onboard inverter.

• OEMs are developing mostly proprietary AC systems to 
allow this functionality to a select group of EV’s, mostly in 
the higher end of their ecosystems. 

• AC systems are more expensive to develop, and this may 
explain the OEM’s desire to keep the system proprietary, 
and within its own closed ecosystem. 

• Proprietary systems have a resilience and monetary payback 
benefit for the owner, but do not maximize the benefits 
society as a whole.

TYPES OF BIDIRECTIONAL CHARGING



DCBEL R16 – FIRST “UNIVERSAL” HOME BASED DC BIDIRETIONAL CHARGER CERTIFIED IN THE USA 

• EV AGNOSTIC

• POWERFUL 15.2 Kw SOLAR INVERTER

• 2 PORT (BIDIRECTIONAL) CHARGER:

• LEVEL 2 AC

• LEVEL “2.5” DC BIDIRECTIONAL CHARGER (1 mile / minute charging)

• STATIONARY BATTERY MANAGEMENT : (LG CHEM PARTNERSHIP)

• HOME ENERGY MANAGEMENT SYSTEM

• OPTIMIZES AND PRIORITIZES ENERGY FLOW IN THE HOME

• SUNSPEC CERTITIFIED FOR GRID EXPORT AND INTEROPERABILIY

     (required for Ca. Rule 21)



MANY OTHER BIDIRECTIONAL CHARGER  MANUFACTURURES ON THE WAY!

BIDIRECTIONAL HOME CHARGERS AND SYSTEMS (EV Agnostic)

● DCBEL (North American Certified) Also a Solar inverter, HEMS, grid interactive

● WALLBOX (UK Certified, USA in 2024)

● EMPORIA (2024)

● Enphase (2024)

● DELTA (CURRENTLY USED ONLY WITH FORD F-150)

● FERMATA (NO DATE)

● SOLAR EDGE (2024)

http://www.dcbel.energy/
https://wallbox.com/en_us/quasar2-dc-charger
https://www.emporiaenergy.com/how-the-emporia-v2x-charger-works
https://enphase.com/ev-chargers/bidirectional
https://www.chademo.com/products/v2g/delta-v2h
https://fermataenergy.com/solutions
https://investors.solaredge.com/news-releases/news-release-details/intersolar-2023-solaredge-unveils-new-bi-directional-dc-coupled


AC BIDIRECTIONAL (PROPRIETARY) CHARGERS

● FORD-F150 LIGHTNING (V2L and DC V2X)

● GM SILVERADO (no date)

● STELLANTIS RAM 1500 REV

● TESLA (2025)

● LUCID (AC V2L)

● FISKER (AC V2L, also partnering with Wallbox for DC V2X) 

● HYUNDAI (AC V2L)

● KIA (AC V2L)

● VOLKSWAGEN (coming soon, DC V2X, unknown if it will be proprietary)

● Mercedes (US timing unknown)

● BMW (PILOTS)

● HONDA (PILOTS)

● BYD ATTO 3 (N/A IN US, AC V2L)

● MG ZS (N/A IN US, AC V2L)

● KIA EV6 (AC V2L)

● KIA EV9 (AC V2L, V2G)

● GENESIS GV 69 (AC V2L)

● HYUNDAI IONIQ 5 (AC V2L)

● HYUNDAI IONIQ 6 (AC V2L)

https://electrek.co/2022/03/01/ford-launches-bi-directional-home-charging-station-surprisingly-good-price/
https://www.theverge.com/2023/6/28/23776690/gm-energy-ultium-home-ev-charging-v2h-stationary-storage
https://www.stellantis.com/en/news/press-releases/2023/april/all-new-all-electric-2025-ram-1500-rev-unveiled-at-new-york-international-auto-show-with-targeted-range-of-up-to-an-unsurpassed-500-miles
https://insideevs.com/news/655334/tesla-lineup-get-bi-directional-charging-capability-by-2025/
https://www.prnewswire.com/news-releases/lucid-air-to-be-the-fastest-charging-ev-featuring-a-900v-architecture-delivering-a-charging-rate-of-up-to-20-miles-per-minute-301114687.html
https://www.greencarreports.com/news/1137226_fisker-partners-with-wallbox-for-home-charging-ecosystem
https://www.hyundai.co.nz/v2l
https://www.cnet.com/roadshow/news/hands-on-hyundai-kia-v2l/
https://www.volkswagen.co.uk/en/electric-and-hybrid/discover-electric/electric-cars-as-electricity-storage.html
https://www.mercedes-benz.com/en/vehicles/mercedes-eq/eqs/the-new-eqs-and-its-holistic-charging-concept/
https://www.press.bmwgroup.com/global/article/detail/T0338036EN/bidirectional-charging-management-bcm-pilot-project-enters-key-phase:-customer-test-vehicles-with-the-ability-to-give-back-green-energy?language=en
https://global.honda/newsroom/news/2022/c220119beng.html
https://zecar.com/resources/byd-atto-3-charging-guide
https://www.mg.co.uk/electric-life/vehicle-to-load-charging-v2l-guide
https://press.kia.com/eu/en/home/media-resouces/press-releases/2021/Kias-EV6-reimagines-the-electric-vehicle-ownership-experience.html
https://press.kia.com/eu/en/home/media-resouces/press-releases/2023/Kia-outlines-smart-technologies.html
https://www.genesis.com/worldwide/en/models/luxury-suv-genesis/gv60/charging.html
https://www.hyundai.com/worldwide/en/eco/ioniq5/charging
https://www.hyundai.news/eu/models/electrified/ioniq-6/press-kit/hyundai-ioniq-6-delivers-a-new-electric-mobility-experience.html


BIDIRECTIONAL CAPABLE EV’s

EV’s with DC V2X EXPORT

● NISSAN LEAF (SINCE 2011)

● MITSUBISHI HIGHLANDER HYBRID

● VOLVO EX90 

● POLESTAR 3

● VOLVO EX30 (2024)

● VOLVO XC 40 RECHARGE 

● VOLVO C40 RECHARGE

● KIA SOUL (UP TO 2019)

● ALL Tesla EV’s by 2025

● ALL GM EV’s by 2026

● Ford – Honda – BMW “CHARGESCAPE” partnership for grid services

PROPRIETARY BIDIRECTIONAL SYSTEMS / EV’s

● FORD-F150 LIGHTNING (V2L and DC V2X)

● GM SILVERADO (2025)

● STELLANTIS RAM 1500 REV

● TESLA (2025)

● LUCID (AC V2L)

● FISKER (AC V2L, also partnering with Wallbox for DC V2X) 

● HYUNDAI (AC V2L)

● KIA (AC V2L)

● VOLKSWAGEN (coming soon, DC V2X, unknown if it will be 

proprietary)

● Mercedes (US timing unknown)

● BMW (PILOTS)

● HONDA (PILOTS)

● BYD ATTO 3 (N/A IN US, AC V2L)

● MG ZS (N/A IN US, AC V2L)

● KIA EV6 (AC V2L)

● KIA EV9 (AC V2L, V2G)

● GENESIS GV 69 (AC V2L)

● HYUNDAI IONIQ 5 (AC V2L)

● HYUNDAI IONIQ 6 (AC V2L)

https://www.theverge.com/2022/9/12/23349971/nissan-leaf-bidirectional-charging-approved-v2h-v2g-fermata-energy
https://www.mitsubishi-motors.com/en/innovation/technology/EVNewValue/phev3/
https://www.volvocars.com/au/news/electrification/Bi-directional-charging-in-new-Volvo-EX90-to-power-homes/
https://media.polestar.com/global/en/media/pressreleases/660399/polestar-3-is-the-suv-for-the-electric-age
https://www.media.volvocars.com/global/en-gb/models/ex30/2024
https://www.media.volvocars.com/global/en-gb/models/xc40-recharge/2023
https://www.media.volvocars.com/global/en-gb/models/c40-recharge/2023
https://www.dcbel.energy/blog/2022/01/12/new-year-new-bidirectional-cars/
https://news.yahoo.com/tesla-confirms-game-changing-feature-050000765.html#:~:text=During%20the%20recent%20Tesla%20Investor,have%20bidirectional%20charging%20by%202025.
https://www.team-bhp.com/news/gm-offer-bidirectional-charging-its-evs-2026
https://www.prnewswire.com/news-releases/bmw-ford-and-honda-agree-to-create-chargescape-a-new-company-focused-on-optimizing-electric-vehicle-grid-services-301924860.html
https://electrek.co/2022/03/01/ford-launches-bi-directional-home-charging-station-surprisingly-good-price/
https://www.theverge.com/2023/6/28/23776690/gm-energy-ultium-home-ev-charging-v2h-stationary-storage
https://www.stellantis.com/en/news/press-releases/2023/april/all-new-all-electric-2025-ram-1500-rev-unveiled-at-new-york-international-auto-show-with-targeted-range-of-up-to-an-unsurpassed-500-miles
https://insideevs.com/news/655334/tesla-lineup-get-bi-directional-charging-capability-by-2025/
https://www.prnewswire.com/news-releases/lucid-air-to-be-the-fastest-charging-ev-featuring-a-900v-architecture-delivering-a-charging-rate-of-up-to-20-miles-per-minute-301114687.html
https://www.greencarreports.com/news/1137226_fisker-partners-with-wallbox-for-home-charging-ecosystem
https://www.hyundai.co.nz/v2l
https://www.cnet.com/roadshow/news/hands-on-hyundai-kia-v2l/
https://www.volkswagen.co.uk/en/electric-and-hybrid/discover-electric/electric-cars-as-electricity-storage.html
https://www.mercedes-benz.com/en/vehicles/mercedes-eq/eqs/the-new-eqs-and-its-holistic-charging-concept/
https://www.press.bmwgroup.com/global/article/detail/T0338036EN/bidirectional-charging-management-bcm-pilot-project-enters-key-phase:-customer-test-vehicles-with-the-ability-to-give-back-green-energy?language=en
https://global.honda/newsroom/news/2022/c220119beng.html
https://zecar.com/resources/byd-atto-3-charging-guide
https://www.mg.co.uk/electric-life/vehicle-to-load-charging-v2l-guide
https://press.kia.com/eu/en/home/media-resouces/press-releases/2021/Kias-EV6-reimagines-the-electric-vehicle-ownership-experience.html
https://press.kia.com/eu/en/home/media-resouces/press-releases/2023/Kia-outlines-smart-technologies.html
https://www.genesis.com/worldwide/en/models/luxury-suv-genesis/gv60/charging.html
https://www.hyundai.com/worldwide/en/eco/ioniq5/charging
https://www.hyundai.news/eu/models/electrified/ioniq-6/press-kit/hyundai-ioniq-6-delivers-a-new-electric-mobility-experience.html


PLATFORM INTEROPERABILITY

• FOR MAXIMUM SOCIETAL BENEFIT, ALL EV’s and 

BIDIRECTIONAL CHARGERS SHOULD BE INTEROPERABLE

• ANY EV CAN DISCHARGE FROM MUTIPLE LOCATIONS

• CREATES A “MOBILE MICROGRID” OF ENERGY

• V2X represents a “SILVER BULLET” for Sustainability, 

     Decarbonizing the Built Environment, Transportation, and Energy

     Sectors simultaneously 

https://www.microgridknowledge.com/electric-vehicles/article/11427706/vehicle-to-grid-programs-give-rise-to-mobile-microgrids


PROVEN 
TECHNOLOGY WITH 
OVER 120 PROJECTS

After many years of technological 
development, experimentation, 
policy reform and standardization 
initiatives, the V2G market is now 
ready to enter a fast-paced, multi-
year expansion period.



More on the history of bidirectional 
charging can be found in this 
recently published white paper

GLOBAL V2G PROJECTS:   https://www.v2g-hub.com/

https://www.linkedin.com/feed/update/urn:li:activity:7077645857977716737/


GRID INTEROPERABILITY

• The grid communication standards are now complete for V2G; through the ISO 

15118 interoperable CCS DC bidirectional charging standard. 

• Standardization initiatives will ensure interoperability. 

• These International have been developed to allow native interoperability 

between bidirectional EVs, EVSE and energy management systems, regardless 

of type of connector used (CCS, NACS, or CHAdeMO).

The availability of these standards offers a clear upgrade path for 
EV and EVSE manufacturers wishing to support bidirectional 

charging for existing EV models as well as for future models to be 
released. 

https://www.switch-ev.com/blog/what-is-iso-15118
https://www.switch-ev.com/blog/what-is-iso-15118


IEEE 2030.5 CSIP protocol:

• mandated by California Rule 21 

• allows grid operators to send low-level operating setpoints or 
constraints (e.g., apply a certain power factor correction) to grid-
connected V2G inverters to maintain network stability.

Open ADR protocol:

• Developed so that flexibility service providers and “aggregators” are 
able to “bundle” many EV’s into a VPP (virtual power plant)

• VPP’s seamlessly interface with various devices in order to offer 
aggregated demand response services to ISOs (independent system 
operators such as CALISO) or DSOs (distribution system operators). 

CERTIFICATIONS AND COMMUNICATOIN PROTOCOLS

https://sunspec.org/2030-5-csip/
https://www.openadr.org/openadr-v2g-and-der
https://vp3.io/
https://www.synergycompanies.com/post/virtual-power-plant


VIRTUAL POWER 

PLANTS

 Virtual Power Plants allow 
aggregation of multiple 
smaller distributed energy 
assets into large “pools” of 
energy storage reserves.

 Virtual Power Plants help 
eliminate the need for dirty 
fossil-fuel “Peaker Plants”

 “Scaling up” assets is the key!



“Scaling Up” = CAPACITY!

• Ca. currently has 1.5 million EV’S

• 1.5 mm x 60 kWh = 90,000 MWH = 225 X the LARGEST GRID SCALE 

ENERGY STORAGE IN EXISTANCE 

• 12.5 million EV’s anticipated by 2035 = 750,000 MWH = 

1,875 X LARGEST GRID SCALE ENERGY STORAGE IN EXISTANCE 



• Ca’s highest peak demand on Sept. 6th 2022  was; 

51,426 MW

• 12.5 mm EV’s @ 10 kw = 125,000 MW

• V2G represents an ever expanding 

capacity for demand response

DEMAND RESPONSE

https://www.pbs.org/newshour/nation/californias-electricity-demand-breaks-all-time-record-during-severe-heat-wave


V2G ENABLING FACTORS

• BIDIRECTIONAL EV’s

• BIDIRECTIONAL TECHNOLOGIES

• BIDIRECTIONAL GRID COMMUNICATION PROTOCOLS

• FIRE CODES AND SAFETY STANDARDS

• ACCESS TO VPP MARKETS    -    ??

• BUILDING CODES FOR PREWIRING    -   ??



ELECTRIFICATION AND COMMUNITY RESILIEINCE (ECR) DOCUMENT

• DEVELOPED WITH INDUSTRY EXPERTS IN ELECTRIFICATION, ESS,  

AND BIDIRECTIONAL EV TECHNOLOGIES

• EPRI

• 2050 PARTNERS

• DCBEL

• NUVVE

• CharIN



ELECTRIFICATION + ENERGY STORAGE + BIDIRECTIONAL EV READY





COMMUNITY RESILIEINCE (CR) DOCUMENT     –     (ENERGY STORAGE + BIDIRECTIONAL READY) 





THANK YOU 
FOR            

YOUR TIME !

CONTACT INFORMATION:

KEEPING THE LIGHTS ON IN AN ALL-ELECTRIC FUTURE

John Sarter

John.sarter@dcbel.energy

415-342-7199

mailto:John.sarter@dcbel.energy
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