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Not California... but in Maryland

Recap: interconnection approval process and requirement
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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

V2G System Certifications

e DC EVSE V2G Systems require:
o UL 1741 [Inverters, Converters, Controllers and Interconnection System Equipment for Use
With Distributed Energy Resources]
e AC EVSE V2G Systems have two acceptable certification pathways
o Pathway No. 1
m UL 1741 [See above]
m UL 2594 [Electric Vehicle Supply Equipment]
m SAE J3072 [Interconnection Requirements for Onboard, Grid Support Inverter Systems)]
o Pathway No. 2
m UL9741 [Electric Vehicle Power Export Equipment]

m UL 1741 SB under the QIKP Grid Interconnection Performance Certification.
Note: The UL 1741 standard is being updated to UL 1741-5C for V2G-AC systems. Allowing for the QIKP
pathway (See the ULProduct iQ database @ UL.com/PiQ) creaies a hedge against further delays to UL 1741 SC.

e If applicable certifications are not available, the utility may require reasonable
alternative methods in an interconnection agreement.

e A V2G System that operates in V1G mode requires a utility notification form and
shall not operate in V2G mode without meeting certain requirements. (G

Maryland Public Service Commission | Baltimore, Maryland

The Vehicle-Grid Integration Council (VGIC) applauds the Maryland Public Service Slide from [10]
Commission (PSC) for its unanimous v y adopt the nation’s first comprehensive suite

of Vehicle-to-Grid (V2G) Interconn iles for both V2G DC and AC systems.

Updated in the Code of Maryland Regulations (COMAR) 20.50, the guidelines now

include the following key provisions: Source [11] NREL | 4



Recap: Interconnection Approval

Process and Requirement

Technical std Conformance std
Safety UL 1741 and
UL 1741 sBl
SOR
IEEE 1547- Comm rgmt ,
2018 ’ CSIP ¢
)
Non-export rqmt
UL 3141 »  UL3141

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. [1]

NOTES3: Inadvertent Export provides more options.
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V2G DCvs. V2G AC

Charging — AC vs. DC

The heart of a charger is AC//DC converter and if it is in the vehicle, it is called as an OBC.
DC Charglng
Use case
Highway, community

AC//DC
Offboard (EVSE)

Vehicle

Few kW to MW

Use case
Residential, workplace

AC//DC
OBC (Vehicle)

N
—B

Upto 19.2 kW €——> Comm: SAE J1772 (+ HLC)

NOTE: Use case is based on NREL’ “2030 National Charging Network Fact Sheet”

hittps:/fwww.nrel. 023/by harging- html

DIAMOND & ZEBRA 4
é‘ ELECTRIC (C) DIAMOND & ZEBRA ELECTRIC Co., Ltd. All Rights Reserved.
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How is V2G DC Different?

e ]
V2G DC Interconnection (I1x): Where we are now

(1) Unidirectional Mode - Allowed
+ Applicant must use an inverter/EVSE that meets certification requirements pursuant fo Rule 21

= Switching to Bidirectional Mode: Upon request from the applicant, only the manufacturer or
approved third-party installer may pregram or enable bidirectional operation.

« For details see: Advice Letter 6500-E (Pacific Gas and Electric Company ID U 39 E), Advice
Letter 3955-E (San Diego Gas & Electric Company ID U 902 E), Advice Letter 4718-E (Southern
California Edison Company ID U 338 E) dated February 11, 2022, submitted in response to Res. E-
5165

(2) Bidirectional Mode - Allowed

« OP 39 of D.20-09-035 dllows V2G DC bidirectional systems to use the existing Rule 21 interconnection
process. (See Resolution E-5165, issued Nov. 4, 2021, disposing of SDG&E AL 3774-E, SCE AL 4510-E, and
PGAE 6209-E and D.20-09-035 which states that Vehicle-to- -grid (V2G) direct current (DC) EVSE may
be interconnected under the existing Rule 21 tfariff so long as it meets all Rule 21 requirements)

- An exemption for UL 1741 Supplement SA and SB certfification exists for DC V2G Electric Vehicle
Supply Equipment (EVSE) interconnecting for the purpose of participating in the Emergency Load
Reduction Program

Slide from [2]
Indeed, V2G TF in IEEE 1547 revision focuses on V2G AC.
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V2G AC Regulatory Background

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

R.17-07-007
(2017)

CPUC decided “to reconvene the V2G AC
D.20-09-035 | Subgroup no later than 90 days from the

(2020) issuance of approved updated standards that
show progress towards V2G AC” [3]

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.

E-5315
(2024)

IIIII



Standards are Almost There!

Industry m Certification

Automotive SAE Self-certification
DER (stationary)  IEEE and UL NRTL (third-party testing)

Updated in 2021 and 2024

Legend V2G AC PEV Requirement
—— Arequires B PEV - EVSE V2G Communication
———— Arequires BPLANNED el
SAE J3072 e |EEE 2030.5-2018
e SunSpec Modbus
e SO 1518-20 AMD1
et to be published
Interconnection Requirement UL 17415C v P )
[Draft] Upper stream V2G Communication
IEEE 1547.1-2020 IEEE 1547-2018 ) .
// V2G ACE equirement e |EEE 2030.5-2018
7/
, e SunSpec Modbus
) Expected to be e DNP3
// published by end of
Interconnection CY2025
UL 174158 Rules (e.g. R21)
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Key Standards

UL1741 Supplement SC Bidirectional EVSE/ISE

Utility BEVSE/ISE EV
< » 4+—>
CEE \_O.E nc J— Onboard Interactive
EEE 2030.5 SAEJ3072 | inverter
DNP3 Switch but No Inverter IEEE 2030.5
Sunspec (today)
1. Utility Controls 1. EVSE Electrical Limits
2. Permission to export 2. Local Grid Codes (requirements and limits)
Source: Ref [6] 3. Reduce Power 3. Keep alive signal for export power.

* EV meets SAE J3072 and IEEE 1547 and be evaluated against
UL 1741SB. But no UL listing.
e 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:
e Unauthorized export is detected; or
* |EEE 1547’s V/f trip event happens (redundancy) e | 10



SCE’s V2G AC Demo and NREL’s

Planned Demo

< DCpower

PCS: Power Control System
‘:?- KITU —+ ACpawer SECC: Supply Equipment Communication Controller
v

< - = WiFi (Eaton API) EVCC: EV Communication Controller
< » plc(11772,sEpP2) | |EVSE: EV Supply Equipment
<> WAN WiFi (5EP2.0) | [EMCB: Energy Management Circuit Breaker
“ < » HANwiFi(marT) ||HEMS: Home Energy Management System

Aggregator
ErFPR

|IEEE 1547/SAE

| iR | (. J3072 compliant
Utility -— _/:Mm EMCE | 4 EV;\:JK:B
ETSOR = 1] EV/emulator
Evce 'FLT‘N Bidirectional V26 support?d EV
Home ACEVSE (onboard smart inverter)

Smart load center

Source: Ref [7]

NREL V2G EV Emulation System

EVCC VCU +IEEE 1547
SC E d e m O CUl or Proprietary|
GuUl or 2030.5 2030.5 / SunS Modbus /
CP + HPGP TCP
“
P : 0P4512
Wk, Q%
BBB + HPGP cape / SCPI Trip /
ut INHIBIT
1741SC
Grid Simulator EVSE 4Qinverter
—- L1/12 =] l
s W
MX-30 Chroma 61850

NREL demo

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



RPA = PCC and LGP

* For alarge 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

J_ Charging
orV2G —\
Main Sub
Grid Panel ATS Panel

L 240/ 12A0V

Ensuring safe transition
T = (] =] [ [

Pilot (12V, no PWM)

1) rotcomnected GridConnected =True

Source: Ref [9] 5 o =

Pilot (9V, no PWM)

—

GridConnects

[ ot (r9/-12v, 16z wm_, |

anseuss, vt | e Homelsolated = False OpModislandpermi = F
readyo  $ T s heduled charge | opModsridConnectpermit - True |
charge orV2G for Charging | Piot (+6/-12V, 1kHzPwh)_|
orfor V26 state C2

Send V26 com
Step 0in Table 2

idcomented=
4 e moaumemi-rase |
onvaseniEomedpemi - s
sendvaG o
e —
e Send V2G com Send V2G com, Step 1-6.

Step 1-6 in Table 2

EV completes

e—, — Vehicle detects
Ride-Thru period
iswasaane <= P loss of Grid as itis

ATS Sends measuring voltage

H . o
n n . Opens 52
E S u rl g VOlta ge q u a I Ity LA P ——— Pilotis C2 to B2
GridConnected = Fakse |, OPModsiandPermit =True ] o) “This s for safety, in
o opModGridConnectpermit Pilot ( qs/(;‘zevgu ) I o sy,

opened contactors

- i Pilot (+9/-12V, 166Hz PWM)_
Non-linear Load 3 M swesiton e
Loadscontrol____|
{loads Config) V2H p

N

Send Stop V2H signal
False—|
GridConnected = False.

Stops Pilot PWM
Pilotis C2 to C1to B

["opModaridconnectpermit

{GridComected =True__|  goyodsiancpermit = Fase

Homelsolated = False [~ qpu o i idcomectpermit = rue > PHOt(+6/-12V, 16z PWM)_ |
State C2

Source: Ref [9]

Source: Ref [8] NREL | 13
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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

) Fermata Energy
SECTION 2 | STANDARDS & PROTOCOLS

EV-EVSE Standards and Protocols: V2G-AC < \
AC Grid

onnection
- BEVS E/ISE
AC voltage vV, AC Voltage
| and current current________:y-"
[=]—] osc | -
SAE J3072 UL 1741-5C
) UL 9741, AC arid-tied e |EEE 1547 comm. interface
( e EV management
O O ——
mmunication ions for -AC: Defined S Charging Receptacle
e SAE J3072 specifies different System Types and is elined System Types 772 J3068  J3400
recently revised to include additional communications Protocol Stack - B 3
and connector interfaces €  PLC-CP//IEEE 2030.5 €1 (A1) [+ ca
* Proprietary interfaces supported if AC-EVSE and OBC D LIN-CP//SunSpec Modbus RTU D1 D2 (B1) 03
are tested as a pair. E  PLC-CP//ISO 15118 E1 E2 E3
SAE J3072 System Types
AC bidirectional V2G-AC interoperability is address for the SAE J3072 OBC + UL UL 1741-8SC*, 9741
power flow 1741-SC combination with each to be tested separately. UL9741 for | SAE J3072*

EV power export includes interoperability testing of the OBC with a
paired EVSE and allows proprietary communications

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

E\’s@|—-\
Beyond UL 1741SC Scalexz M

U.S. Department of Energy

* UL 1741SCis an enabler for allowing V2G AC capable xEVs to interconnect — it is just a starting point.
* Key questions:
* Will an OEM ever implement IEEE 2030.5?
* Will OCPP2.1 be included in IEEE 1547’s three protocols? (which one gets kicked out?)
* Integration with PCS to ensure non-export within multiple concurrent discharges at a site
* Other specific questions:
+ Hardware: balance between downsizing, cost, and reliability
* OBC's operation time will greatly increase. How to address lifetime while addressing cost of OBC?
* Resonance between the grid — OBCs have low inductor in AC/DC front end.
* UL 1741SC/SAE 13072 relies on “approved EV list”.
* Who approves an EV (probably the OEM)?
* Who maintains the list? (ldk — federal entity? EVs travel within the continent)
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Slides from EVaS:
ISO 15118-20 AMD1

EVs@ —
1ISO 15118-20 AMD1 Scc:lo_:%

U.S. Department of Energy

The task force awakens

@ DRAFT * Acknowledging ISO
; Amendment 15118-20 can’t meet SAE

J3072/IEEE 1547, a TF
was launched in 2023 to
address the gaps.
IS0 15118-20:2022/
DAM 1 + Review by TC/IWG was
Communication ntertace > - completed, now
addressing those

Part 20:
Znd generation network layer and
application layer requirements

AMENDMENT 1: AC DER service, MCS . comments. Target
service, and improved security concept
Schema: \2G. CI_AC s publication is end of

2025.

* NREL has been providing
comments from UL
1741SC, SAE J3072, and
IEEE 1547 perspective.

DERControlType

DERControlType
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Slides from EVaS:
OCPP2.1

EVs@
Sc:ol&:*ﬁ\

U.S. Department of Energy

» Similarly, previous versions of OCPP don’t support IEEE 1547 required functions such as V/Q, trip curves,
etc., and OCPP2.1 was developed to follow IEEE 2030.5

* |EEE 1547 needs to add the protocol to its list of permitted protocols, or otherwise the EVSE will need to
support IEEE 2030.5 AND OCPP2.1.

« Currently, IEEE 1547 requires either of three protocols
* SunS MB
+« DNP3
« |EEE 2030.5

IEEE 1547 revision team discussed the feasibility of adding OCPP2.1 into next version of IEEE 1547, but was
rejected because no one has really demonstrated its ability to meet IEEE 1547 requirements.
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