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ANL Perspective: Standards are the common thread

that enables interoperability of new technologies

Detroit was the first American city to use electric taxi cabs, in 1914.
Are Indoor/Outdoor Charge Ports New?

o Detroit’s first electric taxi accumulated >46,000 miles first two years.’
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Charging Levels/ Recharge Times (it depends)

= ACLevel1-120v/20A outlet (~1600W)

— In most garages
— Outlet capacity?

— Dedicated outlet usually required

= ACLevel 2240 v/80A (3.3kW typical,
19.2 kW max- onboard charger rate limited)

— Defined by SAE J1772
— Cord connected to a charging station (EVSE)

AC Level 2

= DC Level 2 —up to 450vdc/200A (90kW max)
— Defined by SAE J1772

— Off-board DC charger electronics, closed
loop controller communication via pilot wire

DC Level 2

The J1772 coupler standard is being revised to
address dc fast charging (enabled by the two
pins at bottom) in addition to ac charging, the
specifications of which already are spelled out
in the standard.



SAE J2847 Communication Nomenclature- 4 nodes

— Electric Vehicle Supply Equipment (EVSE) {branch ckt coupled to PEV, off board}

— End-Use-Measurement-Device (EUMD) {revenue-grade submeter, PEV energy} The
physical form, location and ownership of the EUMD may be unique for different
applications.

— PEV/Energy Management System (EMS) Vehicle and devices to use of smart loads

— Home Area Network (HAN)/Utility Network in user's home that connects a
person's digital devices, from multiple computers and their peripheral devices to
telephones, VCRs, televisions, video games, home security systems, "smart"
appliances wired into the network.

— Human Machine Interface (HMI) HAN application characteristics that provide local
user input and/or output. These are based constrained and based on the data type.



4 Basic Nodes and Communication Connections
(Utility, HAN, EVSE, PEV)- SAE J2953 Fixture
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Digi, Greenwave Reality

HAN- Zigbee/Ethernet

Utility Messages
900MHz to back-haul
2.4GHz Zigbee to HAN
(Itron or SilverSpring)

EVSE with Compact Metrology
and Vehicle-EVSE Router pass

HAN- Zigbee/Ethernet

Host Dell Optiplex quad core PC Supervises
test fixture, communicates/exercises each node

Emulated PEV/Physical EV,-
Connected to J1772 Emulator,
CAN network, emulated
vehicle data
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Interactive Smart Grid Display-
Components, Communication nodes- J2953 Interop.
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Where Does the EUMD Reside?
(Depends on your segment of the EV industry)

The UEMD measures just the branch circuit power flow to the EV, but may be located
in different segments of that branch.

1) Utilities tend to favor locating it in an outdoor, technician accessible area, such as
next to the main meter; possibly as a fused sub-panel with dedicated run to EVSE.

2) Home Owners may want it next to their service panel or in garage near the EVSE.
3) EVSE manufacturers want to build it into the EVSE, or in a socket in the EVSE.

4) Auto manufacturers may want the EUMD on-board the vehicle to simplify access
to EUMD consumption information and eliminating association problems.
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California Public Utilities Commissioning (CPUC) Sub-
metering Workshop, Oct 27, 2011 San Francisco CA

Use Case Summary / Recommendation

* The submetering protocol development is complex; issues need to be
identified and analyzed prior to any implementation

— There are new relationships and requirements
— Feasibility, timing, and cost impacts must be evaluated

— We're not just dealing with submeters, but also with the collection, integration, and
processing of large volumes of EV data for accurate billing

* EV charging can still occur at any location, but without a 3-way agreement,
subtractive billing cannot occur

—~

Our initial focus should be on fixed submeter use cases

— Fixed submetering is less complex than mobile submetering and requires less time to develop
and implement new processes and systems

— Allows more time to learn and understand the mobile use cases as the EV charging market
matures while still allowing us to move forward with submetering

— Enables more thorough testing of EV data cloud, certification process, and other aspects of
submetering and subtractive billing

— Industry stakeholders need to be on board with solution




50 Use Cases ldentified, 4 are selected for first
draft of sub-meter protocol

Submeter Use Case Actors = L

Premises 1

3 ubmeter :
Owner EV Service Provider Meter Reader
Utility / ESP / CCA X
EVSP / 39 Party X X X
Premise owner / Customer X

o 10



Sample Use Case for Sub-Meter

Use Case 1: Fixed Submeter —o

Utility = Electric Commodity Provider (One to One EVSP) s
Customer of Record for the Fixed Submeter is the Premise Owner

INaster Meter Usage
Submeter Usage
Pramises Usaga
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Implications

— Assumes 3rd Party sends data from their Data iVianagement Agent
(DIVIA) to the utiiity via the OpenEV interface OpantV

— Requires 3-way association among customer, 3rd party, and utility

Submeter ®: FSubAl

prior to accurate subtractive billing (i.e. no ad-hoc associations) Master Heter ®: NN}
nterval kih

— Submeter adheres to the same certification and requirements asa 311,44 seco.serenn

It
ih i 2033/9/9 8:15-2:30AN 3.5)
utility master meter based on national standards e
] . 2011/9/9 8:4s-T.00an ls.s
— OpenEV standard must be established, and 3rd Party DMA is s
—— . 2031/9/9 1e:15-12:30P0 |S.5
certified to it f20101/9/9 12:30-32:u50m |0

—  AMI network is not used to transport submeter data

AA— "



Next Steps on Sub-Metering Protocol/Roadmap
{Creation of new version of Open Automated Data

Exchange for EV charging, called ‘O|:_)enEV’}

Submetering Protocol Next Steps

* Prepare workshop summary report (due 15 days after workshop)
* Continue roadmap development
* Proposed work teams (3rd parties, IOUs, Division of
Measurement Standards); expected to begin in November 2011:
1. Use Case Team
2. Technical Performance Requirements Team
3. Communications & Security Team

4. Billing and Regulatory Requirements Team

» Start developing submeter protocol roadmap report
(due December 31, 2011)
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Typical Current Sensors Used in Power Meters

Goal is low cost/high accuracy (0.1%) compact current sensors:
Shown below is benchmark of single current loop through;
Current transformer, Rogowski coil, Allegro Hall sensor, PCB Shunt, Melexis tri-axial
coreless current sensor [w/mu shield], Flux gate magnetometer
Full size shunt — '
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Compact PCB shunt
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-’ Melexis Triaxial (coreless)
o Rt B Hall sensor

Allegro Open loop Hall sensor // }
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Evolution of compact metrology- Baseline Study
(REV 1b current shunt), REV 2 Flux gates, PSOC, PLC

Basic format: 60A potted module (2” x 3” x %”) <$10 cost in 100,000 unit volumes

= REV 1a baseline sensor comparison study (Melexis hall, Allegro Hall, CT, FG, shunt),
Freescale ColdFire Smart Meter process (single chip solution) Zigbee comm.

= REV 1b: PCB based shunt/Cirrus IC, screw terminals for Automotive EUMD, Octave
universal baseband IC- PLC, FSK, 2.4GHz Zigbee, 900 MHz 802.15.4g options

= Rev 2: FSK-PLC communication, flux gate w/PSOC signal conditioning current sensors

Revila N stlaell imeumeitn% @ Rev 1b

Screw terminal/PCB shunt
rrent sensors 2” x.3” 500uQ=30mV,
- $0.30 each (temp. comp.)*


http:802.15.4g

Business Card Sized 60A Proof of Concept EUMD

—

@

:ﬂ e 0.1% accuracy over full temp range
"1 « Designed to ANSI C12 spec
* 60A low cost base (~S5 retail w/enclosure)
e SEP 1.x communication (PLC, Zigbhee)
e <520 Materials, minimal part count
8cm x 5cm x 2cm (~3” x 2" x 3%4”)
Fully encapsulated with indicator LEDs
Reconfigurable for transformer monitoring
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Secondary Meter vs Sub-Meter

(take-away point is that equipment cost is minimal compared to labor/installation)

Why Sub-Metering?
= Lower cost in S/KW-Hr
= Time of Day Charging, pay for demand

— After 11 pm until 5 am: Lowest Rate
— From 2 pm until 5 pm: Highest Rate

= Different Utilities offer different rates
= Work with SmartGrid Meters

a

Low Cost Fused 60A
Sub-meter integrated disconnect in
S9 enclosure

\
Significant labor/material cost difference between upstream side and sub-meter downstream side
(level of PPE, ladder/cable cutters/splice vs electrician on inert side)

o 16



Five Connection Variations for ANL EUMD module

1) Transformer mounted; as part of local energy management system
remote low cost current sensor to track

Production Rogowski
Clip-on current sensor

Low Cost EUMD, mounted to
bottom of transformer, temp,
current/voltage remote monitoring
for focat EMS | -

‘_ |




Five Connection Variations for ANL EUMD

2) Fused Disconnect ($9.95 enclosure, retail) 60A
- mounted directly to main service meter

3) Non-Fused Disconnect ($6)
- mounted near/inside EVSE

/

module

18



N |
Five Connection Variations for ANL EUMD module

4) Level 1 (120vac) ($8 housing); PCB based 60A
- mounted on circuit board, optional ADR2.0
compliant disconnect relay
For multi-family dwellings, no electrician

5) In Vehicle EUMD- on CAN
- shown here on Chevy
Volt charger cord (male/female)

19



EUMD Field Trial Locations
(ANL, ORNL, Utilities, Vehicle OEMs, EVSE Mfgs)

ANL EV Charging Pilot project (25 campus wide EUMDs, local UMAN network, with 4G
router on mesh, solar/wind local feed in; User ID tracked by RFID badge- low cost trial,
leveraging ~S15 BOM EUMD card comm. and I/O.

-

20



PEV Charging Dynamic Demand Response

Grid Operations Service Provider

-

» 2-way Messaging from Service Provider to ESI or HAN

e EVSE s a Client on the HAN with 2-way messaging
using standard protocols from HAN to EVSE to PEV

/
/



Use Case Terminology
(SAE J2836/1- Utilities)

Ul: Time-Of-Use (TOU) Rates / Tariff
/ Programs (Load Shifting)

U2: Direct Load Control Programs
(Demand Response)

U3: Real Time Pricing (RTP: Load
Shifting / Demand Response) (Active
Management)

U4: Critical Peak Pricing (CPP / Load
Shifting)

U5: Optimized Energy Transfer
Programs (Demand Response,
Regulation Services, etc.)

Message

Use Case Requirements

S = Standard, required to achieve functionality described by Use Case
O = Optional, may be required to participate in advanced functions.

U1l

U2

u3

U4

us

Identifications

Vehicle ID

S

S

S

S

S

Customer ID and/or PIN

EUMD ID

Communications Authenticated

Smart PEV Present

nwlojnln

nwluojunln

nwlojnln

nwluojunln

EVSE Override Request

EVSE ID

Premise ID

Energy Requests

Energy Request (amount)

Power Request (rate)

Energy Available (amount)

Power Available (rate)

Power Schedule

njuojlonjunjnln

Energy Delivered (charge kWh)

Timing Information

Time Charging to Start

Time Charging to End

Anticipated Charge Duration

Time Charge is Needed

Charging Profile

Actual Charge Start Time

nlolo|lolo]n

Pricing

Request Scheduled Prices

Publish Price

Define Rate Time Period

Rate Time Period Status Hash

Request Rate Time Period Info

Price for Rate Time Period

nljlojunln

nljlojunljn

nlolo|lo]lo]ln

Load Control

Load Control

Cancel Load Control

Report Event Status Request

Report Event Status Response

Request Scheduled Events

nwjuojnjunln

Vehicle Info / Status

Time at Connection

SOC Start

SOC End

Battery SOC Actual

Vehicle Type

Usable Energy

w]olo]olo|ofw

Customer Mode Preference




Sample Energy Request Table J2847

Source / Destination
R = Required
O = Optional Use Case
Requirements
Comms Phase S = Standard, required
Message Units HAN, Grid, to achieve functionality
g PEV EVSE EUMD ( etc) described by Use Case
Tx Rx Tx Rx Tx Rx Tx Rx Binding Transfer Closing | U1 U2 U3 ‘Llj g
Energy Requests
Energy Request (amount) | kWh R (0] (@) R X X S
Power Request (rate) kW R O (0] R X X S
Energy Available KWh R R R X X S
(amount)
Power Available (rate) kw R R R X X S
(ID, kw,
Power Schedule ;tart R R R X X S
time,
duration)
kwWh
Energy Delivered (charge | (start S
kWh) time, R R X S S S
duration)

GITT Meeting June 15 2010- Draft



Summary of ANL/Grid Interaction Tech Team
Proof of Concept ~$10 materials cost EUMD

= Designed to meet ANSI C12 relevant standards/performance (0.2% accuracy)
=  SEP 1.1 communication

= Designed to accommodate several communication platforms via Xbee cards;
- zigbee (900MHz, 2.4 GHz)
- WiFi
- FSK powerline communication
- Optically isolated serial communication port

= Software has been created to connect ANL-EUMD to Itron meter via low cost
gateway (Digi, GreenWave Reality{$65}), on the HAN. Working on SEP2.0
implementation.

= Field Trials planned with SCE, DTE first, PGE, SDGE, ComEd, others later.

Contact: Ted Bohn, ANL (tbohn@anl.gov)

http://www.transportation.anl.gov/smart_grid/smart_grid_projects.html
24
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