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This presentation was produced when the laboratory operated as 
the National Renewable Energy Laboratory (NREL). The laboratory 
is now the National Laboratory of the Rockies (NLR).
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Agenda
• Not California… but in Maryland
• Recap: interconnection approval process and requirement
• V2G DC vs. V2G AC
• How is V2G DC different?
• V2G AC regulatory background
• Standards are almost there!
• Key standards
• SCE’s V2G AC demo and NREL’s planned demo
• LGP, PCS, and RPA = PCC
• V2H/Grid Forming Considerations
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Acronyms
• CPUC: California PUC
• CSIP: Common Smart Inverter Profile
• EV: Electric Vehicle
• EVSE: Electric Vehicle Supply Equipment
• DER: Distributed Energy Resource
• LGP: Limited Generation Profile
• NRTL: Nationally Recognized Testing Laboratory
• OBC: OnBoard Charger
• PCC: Point of Common Coupling
• PCS: Power Control System
• RPA: Reference Point of Applicability
• SAE: Society of Automotive Engineers
• SCE: Southern California Edison
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Not California… but in Maryland

Slide from [10]

Source [11]



NREL    |    5

Recap: Interconnection Approval 
Process and Requirement

IEEE 1547-
2018

UL 1741

UL 3141

CSIP2

UL 3141

Comm rqmt

Safety

Non-export rqmt

Rule 21

Technical std Conformance std

SOR

UL 1741 and 
SB1

NOTE1: IEEE 1547.1-2020 defines type-testing for IEEE 1574-2018, but UL 1741SB is used for the 
certification purpose.
NOTE2: CSIP is now transitioning into IEEE, namely IEEE 2030.5.1, covering the latest version of IEEE 
2030.5, i.e., 2023.
NOTE3: Inadvertent Export provides more options.

[1]
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V2G DC vs. V2G AC

Slide from [8]
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How is V2G DC Different?

Slide from [2]

Indeed, V2G TF in IEEE 1547 revision focuses on V2G AC.
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V2G AC Regulatory Background

R.17-07-007
(2017)

CPUC directed IOUs to convene eight working 
groups to develop proposals to address the 
issues. Of which included V2G AC as a SWG.

D.20-09-035
(2020)

CPUC decided “to reconvene the V2G AC 
Subgroup no later than 90 days from the 
issuance of approved updated standards that 
show progress towards V2G AC” [3]

E-5315 
(2024)

CPUC directs IOUs “to submit …modifications to 
Rule 21 to implement a permanent 
interconnection process for V2G AC systems if 
industry standards for V2G AC systems are 
sufficient for safe interconnection. 
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Standards are Almost There!

Industry Main SDO Certification

Automotive SAE Self-certification

DER (stationary) IEEE and UL NRTL (third-party testing)

Updated in 2021 and 2024

SAE J3072

IEEE 1547-2018IEEE 1547.1-2020

Interconnection 
Rules (e.g. R21)UL 1741SB

UL 1741SC
[Draft]

• IEEE 2030.5-2018
• SunSpec Modbus
• ISO 1518-20 AMD1 

(yet to be published)
Interconnection Requirement

V2G AC EVSE Requirement

V2G AC PEV Requirement
PEV – EVSE V2G Communication

Upper stream V2G Communication

• IEEE 2030.5-2018
• SunSpec Modbus
• DNP3

Legend
A requires B
A requires B PLANNED

Expected to be 
published by end of 
CY2025
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Key Standards

Source: Ref [6]

• EV meets SAE J3072 and IEEE 1547 and be evaluated against 
UL 1741SB. But no UL listing.

• UL 1741SC EVSE acts as a gatekeeper – it checks if the EV 
meets the local codes and authorizes the EV to export. EVSE 
will be UL listed for the purpose.

• The EVSE supports grid safety by tripping (oversight) when:
• Unauthorized export is detected; or
• IEEE 1547’s V/f trip event happens (redundancy)
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SCE’s V2G AC Demo and NREL’s 
Planned Demo

Source: Ref [7]

SCE demo

IEEE 1547/SAE 
J3072 compliant 
EV/emulator

EVCC VCU + IEEE 1547

SunS Modbus / 
TCP

L1/L2

UL 
1741SC 

EVSE

BBB + HPGP cape

NOTE1: P*, Q* denotes active power setpoint and reactive power setpoint, respectively.

W*, Q* 
/ SCPI

OP4512

Trip / 
INHIBIT

NREL V2G EV Emulation System

Grid Simulator 4Q inverter  

Chroma 61850MX-30

CUI or
GUI

Proprietary 
or 2030.5 2030.5 /

CP + HPGP

NREL demo
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RPA = PCC and LGP
• For a large site, there clearly is a need for meeting IEEE 1547 

compliance at PCC (Z < 0.5%)
• The EV doesn’t have direct access to a panel, a device that 

monitors the PCC and provides the voltage reading at the 
PCC is required. This can be PCS that functions to follow LGP.
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V2H/Grid Forming Considerations
Need for neutral forming device

Automatic 
Transfer 
Switch

Main 
Panel

Charging
 or V2G

ATS Sub 
Panel

240/120V 
Balancing 

Transformer

EVSE EVGrid

Source: Ref [9]

Ensuring voltage quality

Source: Ref [8]

Ensuring safe transition
1

Grid/ Aggregator AC EVSE EV

Starts V2H power

Send Stop V2H signal
HomeIsolated = False
GridConnected = False

Grid 
power 
returns

Grid Exists, EV 
not connected

 Pilot (12V, no PWM)
State A

Grid Exists, EV  
connects

ATS Sends
 Home is isolated signal
GridConnected = False
HomeIsolated = True

2

3

6

HEMS
ATS
PCS

 Pilot (9V, no PWM)
State B1

Grid Exists, EVSE  
is ready to 

charge or V2G

 Pilot (+9/-12V, 1kHz PWM)
State B2

GridConnected =True
HomeIsolated = False

OpModIslandPermit  = False
OpModGridConnectPermit = True 

for Charging
or for V2G

 Pilot (+6/-12V, 1kHz PWM)
State C2

Send V2G com
Step 0 in Table 2

V2G available 
and customer 

authorized OpModIslandPermit = False
OpModGridConnectPermit = True

4

Send V2G com
Step 1-6

Site looses grid 
power and V2H 
is authorized by 

customer
5

EV completes
Ride-Thru period

Opens S2
Pilot is C2 to B2

 Pilot (+9/-12V, 166Hz PWM)
State B1 to B2 to C2

PowerStatusPowerStatusLoadsControl
(loads Config)

Stops Pilot PWM
Pilot is C2 to C1 to B1

GridConnected = True
HomeIsolated = False  Pilot (+6/-12V, 1kHz PWM)

State C2Return to 
Step 3

Send V2G com
Step 1-6

Send V2G com
Step 1-6 in Table 2

GridConnected = True
HomeIsolated = False

GridConnected =
True

OpModIslandPermit = True
opModGridConnectPermit = False  Pilot (+9/-12V No PWM)

State B1

This is for safety, in 
case vehicle has not 
opened contactors

OpModIslandPermit = False
opModGridConnectPermit = False

OpModIslandPermit = False
opModGridConnectPermit = True

No EVSE 
scheduled charge

If V2G was active
Vehicle detects 

loss of Grid as it is 
measuring voltage

Source: Ref [9]
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Abstract
This presentation will guide participants through the progress of 
V2G interconnection, using California’s regulatory development 
as a case study. The focus will be on utility-side considerations 
rather than EVs themselves, and as such, EV–EVSE interactions 
will not be covered.

Since V2G DC is already accommodated within the existing grid 
interconnection process, the majority of the discussion will 
center on V2G AC, particularly the regulatory and standards 
development.
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Matched Pair vs. Any Pair V2G AC

Source: Ref [5]

• Matched pair certification: UL 9741 (model combo specific)
• Any pair: UL 1741SC + SAE J3072 (NOT model combo specific)
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Slides from EVaS: 
Other Remaining Gaps
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Slides from EVaS: 
ISO 15118-20 AMD1
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Slides from EVaS: 
OCPP2.1
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