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Presenter Notes
Presentation Notes
Thanks, Mahesh. Welcome everyone. During this presentation, Mike and I will focus on the content of NIST Handbooks 44 and 130, and EPO 30, the outline for inspection of EVSE. CA law conflicts with NIST Handbooks, but CA law supersedes them.  Every attempt has been made to identify the conflicts in this presentation.  Later today, representatives from CA will provide an overview of CA law and where it diverges from NIST handbook requirements. 



Any reference to commercial products is for information purposes 
only; it does not imply recommendation or endorsement by NIST.

NIST Disclaimer Statement

https://www.nist.gov/disclaimer

Presenter Notes
Presentation Notes
-more lawyer stuff (read disclaimer)
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Electric Vehicle Supply Equipment (EVSE) Inspection

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

1.Electricity Basics 
2.EVSE Overview
3.NIST Handbooks

i. NIST Handbook 130 (MOS)
ii. EPO 30/NIST Handbook 44

Presenter Notes
Presentation Notes
Today, we’ll cover the basics of electricity, an overview of EVSE, NIST Handbooks 130, specifically the method of sale for electric energy as vehicle fuel and spend the bulk of our time reviewing EPO 30 and how it’s used with NIST Handbook 44 to examine an EVSE.  Mike will start with Electricity Basics and he’ll provide the EVSE Overview.
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Electricity Basics

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes





5

Voltage
• Force (or pressure) that drives electric charge 

through a conductor/circuit.  
• SI unit is the volt (V), with the symbol 𝑉𝑉.  

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes

First quantity is Voltage  
There are two schematics here 1) battery (on right) and 2) water tank (on left).  
Water-Electricity analogy works well for a lot of the simpler concepts in electricity.
Voltage is …
SI unit is …

Starting with the Battery:
Converts chemical energy into electrical energy
Different battery chemistries (lead acid, lithium ion, alkaline, zinc-carbon)
On the negative side (Anode) of the battery, you have charge stored, creating a potential difference (aka EMF).  
This potential/EMF is what constitutes the PUSH or PRESSURE to make current flow, with the charge flowing towards the positive side of the batter (Cathode)

Look at the water analogy:
In plumbing, talking about pumps, “head” refers to pressure or energy a pump needs to overcome the resistance in a system, to deliver water to a certain point or height.
Similarly, a water tank, at a certain height creates “head pressure”.  
The higher the tank, the higher the water pressure.  
This head pressure is analogous to the voltage in the circuit.
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Current
• A flow of charged particles (e.g., electrons) 

moving through a conductor.  
• SI unit is the ampere (A), with the symbol 𝐼𝐼.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
On to Current
Current is a flow …
SI unit is the A

In battery schematic, you have wires (or conductors).  Typical wires are made of Cu. 
It is the free electrons (for an energized circuit) in the wires that flow and do work


Bohr model of atoms:
Nucleus  protons and neutrons
Electrons in the shells
Cu has a free electron in the valence shell
Unimaginably large number of Cu atoms (and free electrons) in circuit wires
Drift velocity of Cu atoms slow.  The E field propogates at near speed of light.

In our water analogy, the flow of the water (not the flow rate or amount of water), out of the valve, is like current in a circuit.
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Resistance

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

• A measure of the opposition to the flow of 
current.  

• SI unit is the ohm (Ω), with the symbol 𝑅𝑅.

Presenter Notes
Presentation Notes

Next, Resistance.
It is the opposition …
SI unit is the ohm …

In our circuit, you see the squiggly symbol, that is an electrical component called a resistor 

The connecting wires generally have very little resistance, and the resistors are made in such a way as to impede the flow of the charges.

The filament in a light bulb is basically a resistor.  Enough current passes through the filament, it eventually heats up to the point it glows, Light!

What is happening here?  Energy is neither created nor destroyed, only converted to other types.

In the water analogy, what will resist the flow of the water?  The diameter of the pipe.  The smaller it is, the more resistance there is.
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Ohm’s Law
Formula that provides the mathematical relationship between voltage, 
current, and resistance in an electrical circuit.  It states that the voltage 
across a conductor is directly proportional to the current flowing 
through it.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes

Let’s look at Ohm’s Law.  
It is a formula originally documented in 1827 by German phycisist Georg Ohm regarding experiments measuring applied voltage and current through simple circuits with varying lengths of wire.
It provides the mathematical relationship . . . 

Discuss:
Ohm’s triangle
Measuring or knowing two quantities in the circuit, calculating the unknown
Measuring with multimeter (V, I, or R) or ammeter (I)
Back to the cartoon
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Ohm’s Law in Circuits

𝑅𝑅1𝑉𝑉𝑠𝑠

𝑖𝑖

• Simple circuit example:
• 𝑉𝑉𝑠𝑠 = 3 𝑉𝑉
• 𝑅𝑅1 = 50Ω
• Calculate 𝐼𝐼

𝐼𝐼 =
𝑉𝑉𝑠𝑠
𝑅𝑅1

=
3 𝑉𝑉

50 Ω =  𝟎𝟎.𝟎𝟎𝟎𝟎 A

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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Ohm’s Law in Circuits
𝑅𝑅1𝑉𝑉𝑠𝑠

𝑖𝑖

• Simple circuit example:
• 𝑉𝑉𝑠𝑠 = 120 𝑉𝑉
• 𝑅𝑅1 = 12 Ω
• Calculate 𝐼𝐼

𝐼𝐼 =
𝑉𝑉𝑠𝑠
𝑅𝑅1

=
120 𝑉𝑉
12 Ω =  𝟏𝟏𝟏𝟏 A

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Level 1
Charger

Hair Dryer

Presenter Notes
Presentation Notes

NOTE: typical resistance of hair dryer heater coils around 12 ohms
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Energy
• A form of energy based on current flow, and 

is the amount of power used over a specific 
duration

• SI unit for Energy is the joule (𝐽𝐽), however
• Electrical energy typically measured and sold 

by the kilowatt hour (kWh)

Electric energy is often transformed 
to other types of energy: Mechanical, 
Chemical, Thermal, Light, etc. 

𝐸𝐸 = 𝑃𝑃 ∗ 𝑡𝑡
Energy 

consumed

Power

time

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

A 1000 W stove running for 1 hour would 
consumer 1 kWh of electrical energy

Presenter Notes
Presentation Notes

With EVSE, the quantity that we probably care most about, Energy, specifically, Electrical Energy.
Electrical Energy is …
SI unit is …
But, typically measured and sold in units of kWh

Energy (measured in kWh) is the amount of power used over a specific duration.


Simple formula, E = P*t
1000 W stove running for 1 hour, would consume 1 kWh

Law of Conservation of Energy
Energy is neither created nor destroyed, only converted from one form to another
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Power

Source: https://en.wikipedia.org/wiki/Toaster

Toaster filaments

• The rate of transfer of electrical energy within 
an electrical circuit.  

• SI unit is the watt (𝑊𝑊), with the symbol 𝑃𝑃.  

𝑃𝑃 = 𝑉𝑉 ∗ 𝐼𝐼
(Can express in other forms using Ohm’s Law)

𝑉𝑉 = 𝐼𝐼 ∗ 𝑅𝑅 𝐼𝐼 =
𝑉𝑉
𝑅𝑅 𝑅𝑅 =

𝑉𝑉
𝐼𝐼

𝑃𝑃 = 𝑉𝑉 ∗ 𝐼𝐼 = 𝐼𝐼 ∗ 𝑅𝑅 ∗ 𝐼𝐼 = 𝐼𝐼2 ∗ 𝑅𝑅

𝑃𝑃 = 𝑉𝑉 ∗ 𝐼𝐼 = 𝑉𝑉 ∗
𝑉𝑉
𝑅𝑅

=
𝑉𝑉2

𝑅𝑅
Evaluating resistive power 
losses (heat) in cables 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes

Power is the rate at which E is transferred (or used) within a circuit.
SI unit is the Watt

Formula P = V*I
Using Ohm’s Law, you can substitute and generate two other expressions for P (shown in green)

Power is generally good, right?
Looking at the toaster oven, the wires are dissipating P, to the point where they are hot and glowing, intentionally, to toast bread, a good thing


The more powerful an EVSE is, the faster it will charge.

AUDIENCE:  Is cable resistance a good thing in EVSE?
R in cables will also disippate P, creating losses
Cable losses are sometimes an issue in EVSE testing and evaluation
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Power Law in Circuits
𝑅𝑅1𝑉𝑉𝑠𝑠

𝑖𝑖

• Simple circuit example:
• 𝑉𝑉𝑠𝑠 = 120 V
• 𝐼𝐼 = 10 A
• Calculate 𝑃𝑃

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Level 1
Charger

1200 W Hair Dryer= 120 V 10 A𝑃𝑃 = 𝑉𝑉 ∗ 𝐼𝐼 = 1200 W

Presenter Notes
Presentation Notes
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Power (kW) and Energy (kWh)

Physical Measurement Laboratory
Office of Weights and Measures
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Presenter Notes
Presentation Notes

Power is the rate at which energy is being used, in the water analogy, its like the flow rate of the water coming out of the hose

Energy is calculated by multiplying Power x time.  (e.g., 100-Watt appliance runs for 10 hours, it will consume 1000 W*hr (aka, 1 kWh)
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Direct Current (DC)
• An electric current that is 

uni-directional (i.e., flow 
of electrons is always in 
the same direction)

Source: https://www.centralwires.com/ac-vs-dc-current/

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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Alternating Current (AC)
• An electric current that is 

bi-directional (i.e., the 
flow of electrons switches 
back and forth at regular 
intervals.

Source: https://www.centralwires.com/ac-vs-dc-current/

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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AC Animation

Sine wave ac generator, Edison Tech Center, Source: https://www.youtube.com/watch?v=ATFqX2Cl3-w

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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EVSE Overview

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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EVSE Components

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Power Input

Power Supply

Enclosure

Embedded Meter Fixed cord(s)

Cord Connector

Battery

On Board 
Charger (OBC)

Car Connector

Timing Device

Meter Device to be 
verified by W&M

Delivered energy 
measured here

Presenter Notes
Presentation Notes
EVSE
Basically a conduit or bridge from GRID to the EV.  
Conditions and manages power and communicates with customer.  
Also facilitates digital communication with EV to define charging parameters for a given charging session.
MDA, plug connected/disconnected, charger state, etc)

EVSE Power Input:
Grid supplies AC 240V power to the EVSE

Enclosure:
Display (communicate, unit cost, charges, time, etc.)
Power supply, 
Control module (manages charging process),
Network connectivity
Embedded Meter

Cords/Connectors:
Cord delivers power from EVSE to EV
Different connectors depending on power level (more in a few slides)

On the car, we have the:
Battery
Communication electronics
On Board Charger (charging management, converting AC to DC, Power factor correction, bidirectional charging)


2 important points:
The embedded meter is the legal device being calibrated/tested by W&M officials
The enery delivered to EV is measured at the car’s connector.  EVSE should factor in and correct for any losses in the cable (specified in HB 44).
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EVSE Specifications

EVSE ratings based on current and 
power outputs:
• ChargePoint CPF50: 12 kW; up to 

50 A/port
• Blink Series 9: 40 kW; 133 A
• Supercharger V3: 250 kW; 301 A
• BTC Power Gen 4: 360 kW; up to 

500 A/port Battery Capacity
• 1st gen Nissan Leaf: 24 kWh
• Ford Mustang Mach E Base: 73 kWh
• Kia Kona Electric Base: 48.6 kWh
• Lucid Air Sapphire: 118 kWh

Maximum EV Charging Rate
• 1st gen Nissan Leaf: 6.6 kW
• Ford Mustang Mach E Base: 115 kW
• Kia Kona Electric Base: 100 kW
• Lucid Air Sapphire: 300 kW

Presenter Notes
Presentation Notes

Three specifications I want to point out:

EVSE rating
Typically see specified as Power (in kW) and a Current (total or per port)
(Examples on LEFT)

Maximum EV charging rate
The EVSE may provide more power than the OBC/Battery can handle, hence you’ll see EV manufacturers specify this.
Also specified in kW.
(Examples in UPPER RIGHT)

Battery capacity
Defines how much energy (specified in kWh) can be stored in the EV’s battery
Ultimately determines the EV’s travel range.
(Examples in LOWER RIGHT)
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EVSE – Man-in-the-Middle
Compare 

measurements

Meter Device used by 
W&M (reference)

Meter Device to be 
verified by W&M

Tells customer how much 
energy is delivered and how 
much it costs

Vehicle as Load
Energy being 
measured here

NIST HB44 Code Reference: 3.40: N.3.3 

Presenter Notes
Presentation Notes

When it comes to the testing portion of evaluating an EVSE station, we typically see two configurations/scenarios: MITM and Programmable Load

On this slide, you see the MITM scenario:
Here the W&M field standard is placed in between (OR in the middle) the EVSE and EV.
In this case, the vehicle is being used as the load
HB 44 3.40 N.3.3
For DC systems, anticipated vehicles will be used as load, as long as sufficient for field testing, as long as >40%MDA and not <30A
The energy being delivered is measured at the car’s connector
Comparing the measurements of delivered energy (embedded meter vs field meter standard)
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EVSE – Programmable Load
Compare 

measurements

Meter Device used by 
W&M (reference)

Meter Device to be 
verified by W&M

Tells customer how much 
energy is delivered and how 
much it costs

Energy being 
measured here

Presenter Notes
Presentation Notes

In a second scenario, instead of using the car as a load, a load emulator is used (dissipates power dispensed from EVSE).
Makes it convenient for setting and complying with test load conditions in HB44.
Still measuring the delivered energy at the same place AND comparing the measurements (embedded vs standard).
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EVSE Charger Types (North America)
Level 1 (AC)

Level 1 equipment provides slow charging through a common 
residential 120 V AC outlet.  Power output around 1 kW.

Level 2 (AC)
Level 2 equipment offers medium AC charging through 240V 
(residential) or 208V (commercial) electrical service, and is 
common for home, workplace, and public charging.  Typical power 
output ranges from 7 kW to 19 kW.

Direct Current Fast Charging (DCFC)
DCFC offers fast charging through 400V to 1000V DC.  Typical 
power output ranges between 50 and 350 kW.  

Presenter Notes
Presentation Notes

Here is a quick summary of the connectors you typically see on North American charging stations and Evs.

You have the following three, schematics shown on the right:
J1772
NACS
CCS1


Arrows point from each of the connectors to the type of power that is provided using these connectors.  
J1172 is used for AC.  
CCS1 for high power DC.  
And NACS can be used for AC or DC
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National Legal Metrology Program

EVSE Charger Types (North America)

Adapted from https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds  * For a 60 kWh battery

Presenter Notes
Presentation Notes

Summary table of charger types (Level 1, Level 2, and DCFC)
Voltage
Power levels
Charge time
Range
Application

https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds
https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds
https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds
https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds
https://www.transportation.gov/rural/ev/toolkit/ev-basics/charging-speeds
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EVSE Charger Connectors (North America)

J1772 CCS1 NACS

J1772 plug Source: 
https://www.electronicdesign.com/markets/automotive/a
rticle/21267879/electronic-design-an-introduction-to-the-
sae-j1772-and-ccs-ev-charging-interfaces

CCS1 plug Source: 
https://www.electrive.com/2024/08/05/phoenix-contact-
launches-new-charging-cables-for-north-america/

NACS plug Source: 
https://evsafecharge.com/dc-fast-charging-explained/

Presenter Notes
Presentation Notes

For reference, here are actual pictures of the 3 types of connectors (on the EVSE side)
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EVSE Charging Factors

• Vehicle Type (battery size)
• EVSE Rating
• Battery State of Charge (SoC)
• EVSE Usage (ports per station)
• EV and EVSE age
• Temperature 
• Other loads (e.g., air conditioning)

Interplay between EV and EVSE parameters 
will affect time-to-charge and miles added 
from a charging session

Presenter Notes
Presentation Notes
Last Overview Slide:
Make you aware of things that can affect how quickly/efficiently an EV battery can charge.  
Ideally, divide batter capacity by power level supplied by EVSE, and whaaalaahhh.
But, other factors such as SoC, EVSE usage, EVSE age, battery temperature, and other loads may have non-negligible effects.  I’ll turn it back over to Loren now (don’t skip to the next slide).




NIST Handbooks

2025

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

CA W&M Law 
supersedes NIST 

Handbooks

Presenter Notes
Presentation Notes
The requirements in this presentation are based on the 2025 versions of these handbooks.  As noted at the beginning of the presentation, CA law supersedes NIST Handbooks in the event of a conflict. I’ve attempted to identify the instances where the handbooks differ from what CA enforces.  A more in-depth discussion will be provided by representatives from CA DMS later this afternoon.
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Electric Vehicle Fueling Systems Inspection
Reference Materials

NIST Handbook 130 (2025)
• IV. Uniform Regulations, B. Uniform Regulation for the 

Method of Sale of Commodities
NIST Handbook 44 (2025)
• Section 1.10. General Code 
• Section 3.40. Electric Vehicle Fueling Systems
• Section 5.55. Timing Devices
• Appendix A and Appendix D
EPO 30-Retail Electric Vehicle Fueling Systems

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
In NIST HB 130, (click) the focus will be on the UR for MOS Commodities.  The relevant codes in NIST HB 44 include (click) the Gen Code, (click) the EVFS Code, and (click) the Timing Devices Code.  (click) EPO 30 outlines the examination process and refers to the relevant codes in HB 44




NIST Handbooks

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Per Section 1.10. General Code, which of 
the following is required to be marked on 
Electric Vehicle Supply Equipment 
(EVSE)?
a.Nominal Power
b.Type of Current
c. NRTL Approval
d.Software Version 

Presenter Notes
Presentation Notes
Before we go any further, we asked you all to do some prep work before arriving.  We have a few questions throughout this presentation that match the questions provided to you.  As we go through them, answer them to the best of your ability.  They can be used to review and prepare for the exams.



NIST Handbook 130 Method of Sale (MOS)

IV. Uniform Regulations

B. Uniform Regulation for 
the Method of Sale of 
Commodities

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Part B of NIST HB 130, Uniform Regulations, includes many requirements regarding how specific commodities are sold.
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Electric Vehicle Fueling Systems Inspection
NIST Handbook 130 (HB 130) Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel (Added 2013)

2.33.1. Definitions:
2.33.1.1 Electricity Sold as Vehicle Fuel. – Energy transferred to an EV for (mostly) 
propulsion

2.33.1.2. Electric Vehicle Supply Equipment (EVSE). – The device that measures, 
delivers, and computes the price of energy delivered to an EV

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The MOS for Retail Sales of electricity as EV Fuel was adopted in 2013 and was first included in the 2014 version of HB130. Definitions are key to understanding most requirements, and in MOS 2.33, they appear first.

The definitions include: 

Electricity Sold a Vehicle Fuel, 

EVSE (click) which we’ll come back to in a few slides, con’t.
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.1. Definitions:
2.33.1.3. Fixed Service. – Service that continuously provides the nominal power that is 
possible with the equipment as it is installed.

2.33.1.4. Variable Service. – Service that may be controlled resulting in periods of 
reduced, and/or interrupted transfer of electrical energy.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Fixed service provides power at or near the maximum rate possible during the charging session.  Variable service may “throttle” the rate of power transfer during the charging session.
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.1. Definitions:
2.33.1.5. Nominal Power. – The “stated” as opposed to the “actual” rate of energy 
transfer. Identified as kW.

Power (P) = Voltage (V) x Current (I)
Power (P): Power is the rate at which energy is transferred or converted. 
Voltage (E): Voltage is the potential difference between two points in a circuit, 
measured in volts (V).
Current (I): Current is the flow of electrical charge through a circuit, measured in 
amperes (A). 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
It defines Nominal Power as the “stated”, not “actual” rate of energy transfer.  Nominal power is based on information present on the device, the voltage and current ratings.  Mike provided this formula in a previous slide. 
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Terms for Power NIST HB 44 & 130
NIST HB 130:
2.33.1.5. Nominal Power. – The “stated” as opposed to the “actual” rate of energy transfer. Identified as 
kW. Definition
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.
(b)(1) includes the term “nominal power transfer (i.e., nominal rate of electrical energy transfer)” 
Labeling requirement; fixed service application
(c)(2) includes the term “maximum power transfer” Labeling requirement; variable service application
(e) kilowatt (“kW”) capacity Federal labeling requirement for alternative fuels; 16 C.F.R. § 309.
NIST HB 44:
Section 3.40: S.2.4.2. Equipment Capacity and Type of Voltage. – An EVSE shall be able to conspicuously 
indicate on each face the maximum rate of energy transfer (i.e., maximum power) and the type of 
current associated with each unit price offered (e.g., 7 kW AC, 25 kW DC, etc.).

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
It defines Nominal Power as the “stated”, not “actual” rate of energy transfer.  Nominal power is based on information present on the device, the voltage and current ratings.  Mike provided this formula in a previous slide. 




2.33.1. Definitions:
2.33.1.5. Nominal Power. – The “stated” as opposed to the “actual” rate of energy 
transfer.

Nominal Power (P) = Rated Voltage (E) x Rated Current (I)
Nominal Power (P) = 208 VAC x 30 A

Nominal Power (P) = 6,240 W
Nominal Power (P) = 6.24 kW (6,240 W ÷ 1000)*

*1kW = 1000 W

35
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Presenter Notes
Presentation Notes
Here’s an actual label, or “badge,” as it is often referred to, that includes required marking or identification information.  (click) Using the rated voltage and rated amperes, we can calculate the nominal power for this EVSE.  A supply of 208 V is more common in commercial and industrial applications.
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Presenter Notes
Presentation Notes
The NTEP CC for this device includes the voltage rating and ampere rating, but not the nominal power rating.
 



Nominal Power (P) = Rated Voltage (E) x Rated Current (I)
Nominal Power (P) = 1000 Vdc x 200 A

Nominal Power (P) = 200,000 W
Nominal Power (P) = 200 kW (200,000 W ÷ 1000)*

*1kW = 1000 W

37
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Presenter Notes
Presentation Notes
Here’s another actual label, this is for a DC EVSE. In this instance, when using the rated voltage and amps, the calculated nominal power is different that the rated nominal power.  
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Presenter Notes
Presentation Notes
 The CTEP CC for this device includes the voltage rating, ampere rating, and the nominal power rating.
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.2. Method of Sale. – All electrical energy kept, offered, or exposed for 
sale and sold at retail as a vehicle fuel shall be in units in terms of the 
kilowatt-hour (kWh).

In addition to the fee assessed for the quantity of electrical energy sold, 
fees may be assessed for other services; such fees may be based on time 
measurement and/or a fixed fee.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The previously defined terms can now be used to describe how electricity for vehicle fuel must be sold.  2.33.2. specifies that it must be sold by the kWh.

It also allows for other fees, either time-based or fixed.
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.
(a) A computing EVSE shall display the unit price:

• in whole cents (e.g., $0.12)
• or tenths of one cent (e.g., $0.119)
• on the basis of price per kilowatt-hour ($/kWh)

In cases where the electrical energy is unlimited or free of charge, this fact shall 
be clearly indicated in place of the unit price.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
2.33.3. specifies how EVSE must be labeled.

The unit price must be displayed in whole or tenths of a cent per the kilowatt-hour.

This is from an app, which displayed the price in whole cents.

When there is no charge for electrical energy, this must be clearly displayed in place of the unit price. 
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.
(b) For fixed service applications, the following information shall be conspicuously 

displayed or posted on the face of the device:
1) the level of EV service expressed as the nominal power transfer (i.e., nominal 

rate of electrical energy transfer), and
2) the type of electrical energy transfer (e.g., AC, DC, wireless).

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
A fixed service EVSE must display (click) the nominal power transfer value and (click) the type of transfer (AC or DC).  (click) These must be labeled on the face of the device.  These images are from the app used to access the device.




42

Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.
(c) For variable service applications, the following information shall be conspicuously 

displayed or posted on the face of the device:
1) the type of delivery (i.e., variable);
2) the minimum and maximum power transfer that can occur during a transaction, 

including whether service can be reduced to zero;
3) the condition under which variations in electrical energy transfer will occur; and
4) the type of electrical energy transfer (e.g., AC, DC, wireless).

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
For variable service (click), it must disclose that the service is variable, (click) the min and max rates of transfer, (click) the conditions that affect that rate of transfer, (click) and the type of current
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.

Physical Measurement Laboratory
Office of Weights and Measures
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(d) Where fees will be assessed for 
other services in direct connection 
with the fueling of the vehicle, such 
as fees based on time measurement 
and/or a fixed fee, the additional 
fees shall be displayed.

Presenter Notes
Presentation Notes
When other fees are assessed, they must be displayed as well.  Here’s an example that will be further discussed in the next slide.
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NIST HB 130, IV. UR, B. MOS
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.

(d) Fees for Other Services

Presenter Notes
Presentation Notes
This EVSE assesses (click) a flat fee and (click) time-related services, parking in this case, (click), but only begins assessing fees 30 minutes after the session is active and (click) once the charging session becomes idle.  For example, if the charging session took 25 minutes, you would have five minutes to move the vehicle before parking fees were applied.  If the charging session took 45 minutes, parking fees would start as soon as the session was idle, that is, after the 45-minute session.  If the vehicle remained connected to the EVSE for another 30 minutes, the parking fee would be $2.50.  
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Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling.
(e) The EVSE shall be labeled in accordance with Labeling Requirements for Alternative 

Fuels and Alternative Fueled Vehicles, 16 C.F.R. § 309.
 16 C.F.R. § 309.10 Alternative vehicle fuel rating (b)
 16 C.F.R. § 309.15 Posting of non-liquid alternative vehicle fuel rating (f)
 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
2.33.3. also references the Code of Federal Regulations. 309.10 and 309.15 are the parts of this code relevant to EVSE.
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Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling (e).
 16 C.F.R. § 309.10 Alternative vehicle fuel rating (b): 

If you are a manufacturer of electric vehicle fuel dispensing systems, you must 
determine the fuel rating of the electric charge delivered by the electric vehicle 
fuel dispensing system before you transfer such systems.
To determine the fuel rating of the electric vehicle fuel dispensing system… you 
must disclose: kilowatt (“kW”) capacity, voltage, whether the voltage is 
alternating current (“ac”) or direct current (“dc”), amperage, and whether the 
system is conductive or inductive.

Physical Measurement Laboratory
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Presenter Notes
Presentation Notes
309.10 (click) requires the manufacturer to determine the “fuel rating” on an EVSE before transferring it. It requires the manufacturer to disclose the capacity, voltage, type of current, amperage, and whether the system is inductive or conductive.
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Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) Labeling (e).
 16 C.F.R. § 309.15 Posting of non-liquid alternative vehicle fuel rating (f) 

Example of information to be included:
“Electricity”,
“XX kW”,
“XXX vac/XX amps”
“Inductive”

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
It also provides an example.  Mike will explain part f of the HB 130 EVSE labeling requirements. Your turn, Mike 
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NIST HB 130 Method of Sale
 2.33. Retail Sales of Electricity Sold as Vehicle Fuel

2.33.3. Retail Electric Vehicle Supply Equipment (EVSE) 
Labeling.

Physical Measurement Laboratory
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(f) The EVSE shall be listed and labeled* in accordance 
with the National Electric Code® (NEC) NFPA 70, Article 
625 Electric Vehicle Charging Systems (www.nfpa.org).
*by a recognized testing agency

Presenter Notes
Presentation Notes
Discuss the safety of the device, and missing labeling requirements may indicate unsafe equipment. Mike will discuss this in a little more detail.

http://www.nfpa.org/
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National Fire Protection Association

Physical Measurement Laboratory
Office of Weights and Measures
Legal Devices Program

• US-based international standards organization
• Founded 1896, headquarters in MA, ~50,000 members world-wide

• Develops voluntary consensus standards focused on fire, electrical and life safety
• NFPA 70 (aka National Electric Code (NEC))

• Benchmark for safe electrical design, installation, and inspection to protect 
people and property from electrical hazards

• NEC often adopted by state and local jurisdictions, becoming part of their 
building codes

• Properly installed EVSE should meet all NEC requirements 

https://www.osha.gov/dts/otpca/nrtl/index.html

Presenter Notes
Presentation Notes
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Nationally Recognized Testing Laboratories
• OSHA requires 38 different types of products and devices to be approved
• NRTL is an OSHA recognition program for testing facilities
• NRTL-approved products are recognized by OSHA as safe for use in the 

workplace.
• It is not an endorsement of products by OSHA

• After certifying a product, the NRTL authorizes manufacturers to apply the 
NRTL’s registered certification mark
• Do not rely on website claims, manuals, or marketing information

• Approved devices will have NRTL logo on a label or nameplate affixed to the 
device.  (small devices may have logo on packaging)

• NEC requires EV charging stations be NRTL certified before they can be installed

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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Presenter Notes
Presentation Notes
Here are three examples of EVSEs with NRTL logo’s.  Back to Loren.



52

Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
2.33.4. Street Sign Prices and Other Advertisements

Same as labeling requirements with the exceptions of (e) and (f) in 2.33.3. 
Retail Electric Vehicle Supply Equipment (EVSE) Labeling.

Street signs and other advertisements do not need to include the 
information specified in (e) and (f) in 2.33.3.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Mobile apps included

Presenter Notes
Presentation Notes
2.33.4. includes requirements for the display of street signs and other advertisements.  They are the same as the labeling requirements in 2.33.3, with the exception of (e), the CFR labeling requirements, and (f), the safety labeling requirements.  Mobile apps are considered “Other Advertisements”
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Electric Vehicle Fueling Systems Inspection
NIST HB 130 Method of Sale

 2.33. Retail Sales of Electricity Sold as Vehicle Fuel
What unit of measure must electrical energy for vehicle fuel be sold by?

a. Amps

b. Volts

c. Kilowatt Hour

d. Kilowatt

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Here’s another review question.
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NIST Handbook 44, Appendix A,
4. Inspection of Commercial Equipment

4.1. Inspection Versus Testing
• Inspection:

• loosely used to include everything that the official (or serviceperson) does in connection with 
commercial equipment

• useful to limit the scope primarily to examinations made to determine compliance with design, 
maintenance, and user requirements

• Testing:
• limited to those operations that determine the accuracy or performance of the equipment 

under examination
4.2. Necessity for Inspection

• Specification and user requirements are as important as tolerance requirements and should be 
enforced

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
A few things to recognize before we get to the EPO and NIST HB 44.  When using EPO 30 or EPO 52, it’s important to understand what is meant by inspection and testing.  Part 4 of Appendix A in NIST HB 44 has a detailed explanation, which is summarized here.  Inspection is generally used to describe everything, but in the context of EPO 30/52, it means determining compliance with specifications and user requirements.  Testing means determining compliance with performance requirements, or how accurate the device is. 
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NIST Handbook 44, Appendix A,
4. Inspection of Commercial Equipment

4.7. Accurate and Correct Equipment. 

Accurate: equipment performance – that is, indications and recorded 
representations, as determined by tests made with suitable standards – 
conforms to the standard within the applicable tolerances and other 
performance requirements.
Correct: equipment is accurate and meets all applicable specification and user 
requirements 

Physical Measurement Laboratory
Office of Weights and Measures
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Presenter Notes
Presentation Notes
If you only test a device (click), you can only determine if it is accurate.  If you inspect and test a device (click), you can determine if it is correct, that is, accurate, and complies with all other requirements.
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NIST HB 44, Appendix A, 4. Inspection of Commercial Equipment

NTEP CC: 23-045A1
CTEP CC: 5922(a)-25
No timing function

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

synergEV app (POS)
no CTEP or NTEP CC

Presenter Notes
Presentation Notes
These pictures are from an EVSE in KS.  On your right is the nomenclature plate or “badge,” and on the left are instructions to start the charging session. This EVSE model has an NTEP and a CTEP CC, but neither CC lists a timing function. I couldn’t find a CC from either NTEP or CTEP for the synergEV mobile app.  In the middle is a screenshot from the app. Does the app have to comply with NIST HB 44 or CA law? (Section 5.55. is applicable to devices with a timing function) 

To begin to answer that question, the definition of primary indicating or recording elements must be considered.
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NIST Handbook 44,Appendix D, Definitions
primary indicating or recording elements. – 
The term “primary” is applied to those principal 
indicating (visual) elements and recording 
elements that are designed to, or may, be used 
by the operator in the normal commercial use of 
a device. The term “primary” is applied to any 
element or elements that may be the determining 
factor in arriving at the sale representation when 
the device is used commercially.

Physical Measurement Laboratory
Office of Weights and Measures
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Presenter Notes
Presentation Notes
If the transaction is completed through the synergEV mobile app, it is considered the primary indicating or recording element, and NIST HB 44 requirements would apply.
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EPO 30-Retail Electric Vehicle Fueling Systems

• Organized in nine sections
• Designed as guide to inspection and testing

• Regulators
• Service Agents

• Refers to relevant handbook requirements
Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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EPO 30-Retail Electric Vehicle Fueling Systems
1. Scope
2. Safety Notes
3. Equipment List
4. Definitions
5. Inspection

6. Pretest Determinations
7. Test Notes
8. Test
9. Post-Test Tasks

Physical Measurement Laboratory
Office of Weights and Measures
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Presenter Notes
Presentation Notes
There are 9 headings to the EPO, most with sub-headings that group similar NIST Handbook 44 requirements together.
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EPO 30-Retail Electric Vehicle Fueling Systems

1. Scope • NIST Handbook 44
• 1.10. General
• 3.40. EVFS
• 5.55. Timing*

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Electric Vehicle Supply Equipment (EVSE) is defined 
in both NIST HB 44 and 130 and is the acronym cited 
throughout Section 3.40.

The acronym “EVSE” is used in this presentation and 
has the same meaning as the terms “electric vehicle 
fueling system” or “electric vehicle charger”.  

*Applies to EVSE that assess fees for time-related services

Presenter Notes
Presentation Notes
EPO 30 references paragraphs from (click) NIST Handbook 44. These include the (click) General Code, (click) the EVFS Code, (click) and the Timing Code. To more easily identify the section a paragraph appears in, (click) the general code paragraphs are in black font, (click) the EVFS paragraphs are in blue font, and (click) the timing device paragraphs are in underlined blue font. (click). Currently, Section 3.40 and EPO 30 include the term “Electric Vehicle Fueling Systems” in the titles, but this term doesn’t appear within Section 3.40 and is only used in EPO 30 to refer to Section 3.40.  Throughout that section, the term electric vehicle supply equipment, or the acronym EVSE, is used to identify commercial devices or systems that deliver electrical energy for use as EV fuel.  In addition, electric vehicle supply equipment is defined in both HB 130, as identified in a previous slide, and in HB 44. I’m going to turn it back over to Mike.  
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EPO 30-Retail Electric Vehicle Fueling Systems

2. Safety • PPE
• Hazards

• Device
• Site Conditions

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Mike will discuss the general safety considerations and test equipment requirements referenced in EPO 30.
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EPO 30 Safety Reminders and Guidelines
• NIST OWM DOES NOT make official safety-related 

recommendations or hazard mitigations
• EPO authors are not safety professionals
• Safety should be foremost in the Inspector’s and 

Serviceperson’s mind
• NIST OWM EPOs contain safety reminders and guidelines

• Within individual EPOs
• EPO Annex 1 – Safety Considerations and Glossary of Key 

Safety Phrases
• Link: https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-

20250310.pdf

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes

Want to say a few things about safety information within NIST OWM EPOs in general and within EPO 30.

https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-20250310.pdf
https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-20250310.pdf
https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-20250310.pdf
https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-20250310.pdf
https://www.nist.gov/system/files/documents/2025/03/10/EPO_Annex01-Final-20250310.pdf
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EPO 30 Safety Reminders and Guidelines
• It takes vigilance and preparation to be safe
• Read and be familiar with NIST Safety Annex 1
• Read and be familiar with EPO Safety Reminders
• Be aware of all safety regulations and policies at 

the inspection site
• Including local, state, federal, OSHA, employer, 

and site owner safety regulations and policies
• Evaluate potential safety hazards prior to an 

inspection.  Meet with site safety personnel.
• Follow your employer’s safety policies

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
You need to be intentional, vigilance and preparation, following the safety procedures in place for a given activity, not taking short cuts.
The goal is always to finish the work day and go home to your family, not to the hospital.
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EPO 30 Safety Reminders and Guidelines
• EPOs contain general and specific safety reminders
• Not intended to cover all possible safety precautions
• EPO 30 contains four safety reminder blocks
• EVSE installation, repair, and inspection warrants 

extra attention to electrical safety issues
• Loose or exposed wiring
• Frayed, worn, or damaged cords
• Avoid standing on wet surfaces

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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EPO 30 Safety Reminders and Guidelines

• Section 2. Safety Notes. 
• Section 3.3. Optional Equipment.
• Section 7.2. Steps in the Test of 

an EVSE.
• Section 7.6. Use of Adjustments.

Physical Measurement Laboratory
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Safety Reminder Locations

Presenter Notes
Presentation Notes

TO DO: what does ensuring compatibility with the test standard entail?
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EPO 30-Retail Electric Vehicle Fueling Systems

3. Equipment • Test Standards
• Suitable
• Traceable

• Other Equipment

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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EVSE Embedded Meter (legal device)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

• Embedded in the EVSE to measure the energy 
delivered for which the customer is billed.

• Needs to be compliant with NIST Handbook 44 
specifications and tolerance requirements.

• Subject to regulatory oversight (testing and 
inspections) by the state W&M programs.

Credit: Ted Bohn, ANL

Embedded Meters

DC Meter Close-up

Presenter Notes
Presentation Notes
The EVSE meter is embedded inside the charger station (bottom left photo) and it will have a display (as called for in HB 44) showing the kWh (bottom right photo).  
It will also have pricing information, as well as other pieces of information necessary for a commercial transaction. 
Top right photo are various meters of this type that comply with the HB 44 specs and tolerances.  
This is what is verified for accuracy by the state W&M inspector’s field meter.  
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Electrical Test Equipment

Physical Measurement Laboratory
Office of Weights and Measures
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• Can use more traditional electrical test equipment (multimeters, 
power analyzers, and appropriate sensors (DCCT)

• Completely acceptable test equipment solution, with a computer, 
appropriate software, and a calibrated multimeter.

• Need to be SI-traceable. 
• Error and uncertainty (accuracy specification) must be known

Benchtop
Multimeter

Power Analyzer

DCCT

DC Current Transducer (DCCT)

Presenter Notes
Presentation Notes
Most of you will use a commercial piece of test equipment to test EVSE.
However, in principal, with some electrical measurement expertise, you could use traditional electrical test equipment to test EVSE
The components needed to test an EVSE are readily available but would need to be traceable to recognized standards like any standards used in an official capacity and the error and uncertainty must be established to ensure suitability as a test standard.
With a combination of multimeters and a DC current transducer (DCCT) OR a power analyzer and a DCCT, you can measure the energy delivered by an EVSE.
Ted Bohn/ANL has put together some resources regarding DIY test equipment and test loads for EVSE testing.  If anyone is interested in this approach, feel free to reach out and we’ll put you in touch with Ted.
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All-in-one EVSE Test Equipment

Physical Measurement Laboratory
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• Programmable test equipment with integrated ability to measure voltage, 
current, and energy.  Enables users to set up test routines to evaluate 
compliance with NIST Handbook 44.  

• Manufacturers include Comemso, TESCO and Tunkia.  Fluke set to release 
EVSE test equipment in 2025.

• These are the devices W&M officials are probably most familiar with.
• Need to be SI-traceable. 
• Error and uncertainty (accuracy specification) must be known

Field Meter
for State Labs 

EVSE Meter
(i.e. LM Device)

Device under test

Check standard or 
field reference

Presenter Notes
Presentation Notes
Test Equipment that combine components must also have the error and uncertainty established to ensure suitability (elaborated on in next slide) as a test standard.

Most of you will be using this all-in-one type of field inspection meter.
This equipment has the ability to measure voltage, current, and energy.
Enables users to set up test routines to evaluate EVSE in compliance with NIST HB 44.
It’s what tells you whether the EVSE embedded meter meets tolerance requirements.  
Different manufacturers of this type of EVSE test equipment.
These are the reference devices that W&M officials will use in testing
Need to be SI traceable
Will require a stated uncertainty (accuracy specification)
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Test Equipment Compatibility and Suitability

Physical Measurement Laboratory
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• Size
• Capacity (Voltage, Current, 

Energy ratings)
• Range, resolution, accuracy
• Safety
• Ease of use
• Retains calibrations
• Traceability
• Compatibility

Suitability – Is the test 
equipment capable of performing 
the measurement task accurately 
and reliably?

Compatibility – Is the test equipment 
capable of integrating with the EVSE?

• Hardware
• Software
• Network connectivity
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Calibration Scale

Physical Measurement Laboratory
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Common physical quantities that 
are transferred and measured 

SOURCE RECEIVERFLOW METER

Choice of what ‘carries the calibration scale’ depends on the physical 
quantity, stability of an artifact, convenience, and accuracy

Mass artifact Weighing Scale

Fluids Volume Prover

Electric charge BatteryElectric meter

Light Solar panel/batteryPhotometer

Flow meter

Presenter Notes
Presentation Notes

Here’s a cartoon illustration to remind us that when we measure something, there’s always a source and a receiver in that measurement.  Here are few ordinary commonplace measurements that we often do.

In the world of calibrations, we are faced with the choice of what will be the calibrator—would it be the source? Or the receiver? Or the flow device if it’s something that flows from one point to another. This choice is most often done because a community has agreed on most convenient and expedient artifact to use as the calibrator. The calibrator needs to be stable and convenient. 

For example, in weighing applications—you have a mass artifact (source) and a scale (receiver). The mass artifact is more stable and convenient to use as a calibrator. A scale on the other hand, is a delicate device. In measuring fluids, we can have either the fluid (source) or the container (receiver) as a calibrator. The fluid is less stable than the volume prover (receiver) since it can change subject to environmental conditions. 

For things that flow, like electricity and light, it is more convenient to use the meter as the calibration artifact. You can imagine either the source of electrical charge, or the repository (i.e. battery) as a calibrator but neither of those are convenient to use. We have a lot more experience with electric meters after more than a hundred years of using it.  Electrical metering devices have evolved to be very stable, and reliable, so meters have become the calibration artifacts of choice. 

Technologies evolve or the quantities can lead us to make different choices for which side of the measurement to use as calibrator. Very large masses, or very large amounts of fluids, for example, require a different calibrator.  

At NIST, they used to have these standard lamps. Over time, those lamps fell out of favor. They’re made of glass, and if they break, your calibration is gone, and slowly, thry could not find a manufacturer for them anymore.  The silicon photodetector, the other side of that measurement, was shown to be stable, inexpensive, linear over a wide range, and so it’s now our carrier of the optical watt scale, rather than a lamp.  




74

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Which SI Unit is Electrical Energy Traceable to?
Physical quantity being measured:  Electrical Energy [kWh]
Relevant SI Base Unit: Ampere [A] , Second [s]
 

Energy [kWh] = Power [kW] x time [h] 

Power [W] = Current [A] x Voltage [V]

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 = W s 𝐴𝐴 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑠𝑠
𝑉𝑉 =

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑏𝑏

𝑊𝑊 =
𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽
𝑠𝑠SI

Presenter Notes
Presentation Notes
What SI unit is this traceable to?  
Here the agreed upon measurand is kWh, which is power integrated over time.  
The SI unit for energy is the joule, but we’re used to watts in our daily lives, so this is again, was a consensus quantity to be reported.  
I should note here that while the SI unit is the ampere, the measurements and primary standards that NIST realizes are resistance and voltage. Other NMI may use other quantities to realize the Ampere.  
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Traceability – NIST Primary Electrical Standards

Current Voltage

Calibrated 
Current 

Transducer

Calibrated 
voltmeter 

Calibrated DC Power

(I) (V)

Standard 
Resistor

Primary Volt StandardPrimary Resistance Standard

Current accessed 
indirectly through 

a voltage 
measurement

Intermediary power/energy 
Transfer Reference Meter (TRM)

Presenter Notes
Presentation Notes
NIST represents the top of the calibration hierarchy. So how do we know it’s accurate then?  NIST maintains primary standards of resistance and voltage that are based on universal unchanging physical constants. Because these are constants, we know their values and these devices will put out the calculated quantities, at the specific measurement conditions for which they have been defined. This is the end of the line in terms of calibrations/comparisons.  

What does this mean in practice?  The reference meter is used to measure these primary standards. The reference meter’s response is set using those known, defined values and all other quantities are calculated from that.  

The NIST primary electrical standards are based on quantum properties. This is germane to many applications, from semiconductor chips, to EVSE.  Our world relies so much on electrical measurements and these standards are designed to measure the minute. It’s also what snagged us. Scaling up from the tiny to these very large voltage and amperage values for EVSE, you have to build a new scaffold. (the new DC Transfer Reference Meter) 





76

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

CA Traceability Scheme
1. In Step #1, NIST TRM is used to 

calibrate the TESCO power source 
(TPS), assuming it has embedded 
meter.  Traceability to SI is through 
TPS.

2. In Step #2, the TPS is used to 
directly calibrate field meters.

CA TESCO power source

u = 0.01 %

Energy

Traceability
Step #1

uc (TPS) =[u2 (TRM) + u2 (Repeatability)]1/2 

NIST TRM

Presenter Notes
Presentation Notes
Who’s going to calibrate your field meter?  How is it going to be traceable?
Calibration and traceability could come directly from the test equipment manufacturer.
California has the appropriate equipment to enable a calibration service for traceable AC and DC power measurements.  They could become a calibration supplier for EVSE field meter calibrations.
NIST is planning to calibrate CA’s TESCO power source with the NIST Transfer Reference Meter, shown schematically in diagram on right (labeled Step #1).  The TESCO power source then could provide traceability for all subsequent field meter calibrations.
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CA Traceability Scheme
1. In Step #1, NIST TRM is used to 

calibrate the TESCO power source 
(TPS), assuming it has embedded 
meter.  Traceability to SI is through 
TPS.

2. In Step #2, the TPS is used to 
directly calibrate field meters.

Step #2

CA TESCO power source

Energy

Traceability

Field Meter under 
Test (DUT1) 

uc (DUT1) =[u2 (TPS) + u2 (repeatability)]1/2 

Presenter Notes
Presentation Notes
In a second step, shown schematically in diagram on the right (labeled Step #2), the CA TESCO power source is used to directly calibrate the field meter under test.
See the traceability pyramid on the bottom left.
Back to you, Loren
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4. Definitions

4.1. Control Pilot (CP) Signal*
4.2. interference test**
4.3. maximum current deliverable (MCD)
4.4. maximum deliverable amperage (MDA)
4.5. Proximity Pilot (PP) Signal.*
*EPO Only  **EPO only, item on 2026 S&T Agenda

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Thanks, Mike. Become familiar with these definitions. CP and PP Signals facilitate communication between the EVSE and EV (EPO only).  The interference test ensures that electrical energy and time are measured correctly and separately by the EVSE, if it’s capable of accessing time-related fees (EPO only, may be added to HB 44).  MCD and MDA are operational characteristics of EVSE.
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5. Inspection

5.2. General Considerations.
5.2.1. Selection and Suitability.
Code Reference:  1.10:  G-S.3., G-S.5.4., G-
UR.1.1., G-UR.1.2., 3.40: S.3.4.
• Design

• permanence
• repeatability

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Part 5 of the EPO is a guide to the inspection process. Due to time constraints, I’m moving past sub-heading 5.1. Accessibility and Assistance in Inspecting, Testing, and Sealing.  But you should be aware of the requirements related to this subject, many of which are in the General Code.  Sub-heading 5.2. pertains to general considerations for EVSE. All commercial equipment should be designed to maintain accuracy, adjustments, operate as intended (permanence), and be able to repeat its performance within the required tolerances (repeatability) (click)
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5.2.1. Selection and Suitability.
Code Reference:  1.10:  G-S.3., G-S.5.4., G-UR.1.1., G-UR.1.2., 3.40: S.3.4.

• Design
• environment
• computing capability
• rate of flow
• the character, number, size, and location of its indicating 

or recording elements
• value of its smallest unit and unit prices
• data storage and retrieval

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The design should also ensure suitability in:
the environment it’s used in 
computing capability
rate of flow
the character, number, size, and location of its indicating or recording elements
value of its smallest unit and unit prices (all are addressed in 1.10. and 3.40.)
S.3.4. pertains to data storage and retrieval capabilities for EVSE
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5.2.1. Selection and Suitability.
Design: computing capability, the character, number, size, and 
location of its indicating or recording elements

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

24.638 kWh

$0.45/kWh

100 kW DC

$11.09

24.638 kWh

100 kW DC

$0.45/kWh

$11.09

EZ POS
EZEV

100 kW DC

Charging 
Complete

EV CS
24.638 kWh

$0.45/kWh

$11.09

EV CS POS

85 % 
SoC

EVSE Display EVSE Display

Presenter Notes
Presentation Notes
On the left is an EVSE display and an app displaying the information obtained from the EVSE.  On the right is an EVSE display with some information and an app with additional information. 
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face. – That portion of a computing-type pump or dispenser which displays the 
actual computation of price per unit, delivered quantity, and total sale price. In 
the case of some electronic displays, this may not be an integral part of the pump 
or dispenser. [3.30, 3.32, 3.37, 3.39, and 3.40]

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

24.638 kWh

100 kW DC

$0.45/kWh

$11.09

EZ POS

24.638 kWh

$0.45/kWh

100 kW DC

$11.09

EZEV

100 kW DC

Charging 
Complete

EV CS
24.638 kWh

$0.45/kWh

$11.09

EV CS POS

85 % 
SoC

EVSE Display EVSE Display

Presenter Notes
Presentation Notes
On the left is an EVSE display and an app displaying the information obtained from the EVSE.  On the right is an EVSE display with some information and an app with additional information. 
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5. Inspection

5.2. General Considerations.
5.2.2. Installation.
Code Reference:  1.10:  G-S.2., G-UR.2.1., G-
UR.2.2., 3.40:  S.4.2., UR.2.1., UR.2.2., UR.2.3.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.4.2. requires means to prevent the reversal of flow of energy (from the vehicle to the grid) if it results in exceeding allowable tolerances. UR.2.1. & 2.3 address installing the EVSE in a manner that ensures it operates within the parameters specified by the manufacturer with regard to the marked MCD, voltage, and current. UR.2.2. requires the EVSE to be installed per the manufacturer’s instructions, which is also required by G-UR.2.1. in the General Code.
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5. Inspection

5.2. General Considerations.
What does G-UR.3.3 pertain to?
a. The position of the required marking information
b. Accessibility for inspection
c. Assistance in testing
d. The position of primary indications 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
G-UR.3.3 was discussed in the NIST HB 44 self-study and is part of the general considerations section. Which of these topics does it pertain to?
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5. Inspection

5.2. General Considerations.
5.2.4. Use and Maintenance.
Code Reference:  1.10:  G-UR.3.1., G-UR.4.1., G-
UR.4.2., 3.40:  UR.3.5.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
EVSE must be maintained in proper operating condition.  UR.3.5. pertains to how the EVSE must operate after the delivery of energy is complete.
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5. Inspection

5.2. General Considerations.
5.2.5. Computing Capability.
Code Reference:  3.40: S.1.1., UR.1.1.
• An EVSE shall be of the computing type and shall 

indicate the electrical energy, the unit price, and the 
total price of each transaction.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.1.1. requires an EVSE to be designed to be of the computing type and be able to indicate EE, UP, and TP.  UR.1.1. requires an EVSE to operate as a computing type device and to indicate EE, UP, and TP




S.1.1. and UR.1.1.
       Electrical Energy        Unit Price      Total Price
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

24.638 kWh

100 kW DC

$0.45/kWh

$11.09

24.638 kWh

$0.45/kWh

100 kW DC

$11.09

EZEV

100 kW DC

Charging 
Complete

EV CS
24.638 kWh

$0.45/kWh

$11.09

EV CS APP

85 % 
SoCCHRG EZ 

App

EVSE Display EVSE Display

Presenter Notes
Presentation Notes
On the left is an EVSE display and an app displaying the information obtained from the EVSE.  On the right is an EVSE display with some information and an app with additional information. 
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S.1.1. and UR.1.1.

• Electrical Energy

• Unit Price?

• Total Price?

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.1.1. and UR1.1. require the (click) EE, (click) UP, (click) and TP to be displayed. (click) EE is displayed here, what about the other two?
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.1. Design.
Code Reference: 1.10: G-S.5.1., G-S.5.2.2., 3.40: S.1.2., 
S.1.2.1., S.2.4.4., 5.55: S.3.
S.1.2. EVSE Indicating Elements

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Sub-heading 5.3. pertains to indicating and recording elements (click) S.1.2, which will be discussed in the next couple of slides, answers the question posed in the previous slide.  (click) S.2.4.4. requires agreement between all indications within the system, which includes an app that is a determining factor in the transaction.  (click) And for EVSE that assess fees for time-related services, S.3. in the Timing Device Code specifies that there can be no interference between the time and electrical energy measurement elements of the system.  
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S.1.2. EVSE Indicating Elements
• shall include an indicating element that accumulates 

continuously and displays, for a minimum of 15 seconds 
the correct measurement results relative to quantity and 
total price
o at activation by the user
o at the start of the transaction
o at the end of the transaction

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.1.2. requires an indicating element that accumulates continuously and displays (click) the quantity (of EE) and (click) the TP, at (click), (click), (click), (click) for a minimum of 15 seconds.
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• Electrical Energy

• Unit Price? 

• Total Price?

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
These values are only required at activation, and when the transaction starts and ends. S.1.1. requires (click) the Unit Price to be indicated so where is it?  That will be answered shortly.
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.2. Units. 
5.3.2.1. Units – EVSEs.
Code Reference:  3.40:  S.1.3.1., S.1.3.2.
5.3.2.2. Units – Integral Time-Based Systems.
Code Reference:  5.55:  S.1.1.2., S.1.1.3.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The next slides will intervals required by these specification in the EVFS and Timing Code sections.
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5.3.2.1. Units – EVSEs.

Code Reference:  3.40:  S.1.3.1., S.1.3.2.
For AC systems, the value of the unit of 
indicated delivery shall not exceed 0.0001 kWh.
For DC systems, the value of the unit of 
indicated delivery shall not exceed 0.001 kWh.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
For EVSE that deliver energy via AC, the maximum interval is 0.0001 kWh, for DC systems the maximum is 0.001 kWh.  CA requires an interval of 0.0001 kWh for both AC and DC to have
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

5.3.2.2. Units – Integral Time-Based Systems.
Code Reference:  5.55:  S.1.1.2. Units:

≤ 60 minutes: Indicate and record time in minutes 

> 60 minutes: Indicate and record time in hours and minutes

Presenter Notes
Presentation Notes
This specification in the Timing Code determines how time is displayed; for devices that indicate and record time intervals ≤ 60 m, in minutes. For devices that indicate and record time intervals > 60 m, in hours and minutes. (click) Here’s a receipt for parking > 60 m
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5.3.2.2. Units – Integral Time-Based Systems.

Code Reference:  5.55:  S.1.1.3. 
Smallest Units, EVSE:
An EVSE shall have a time interval of 1 minute for 
time-based fees such as parking.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

57 min 57 m 57 m 16 s  ?

Presenter Notes
Presentation Notes
EVSE can have a maximum time interval of 1 minute.  Would each of these indications be acceptable?  (click) The first two are acceptable. There is no specification that pertains to the abbreviations for time intervals.  What about the third indication?  Both S.1.1.2. and S.1.1.3. specify minutes as the interval for indication and recorded representations.
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.3. Readability.
Code Reference:  1.10:  G-S.5., G-S.6. (1/1/77), G-S.7., 
3.40:  S.1.3.3., UR.3.4., 5.55:  S.2.

0.0001 kWh Unit of Measure
Acceptable Zero Display Unacceptable Zero Display

0.0000 kWh 0

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.5. Indication of delivery.
Code Reference:  3.40: S.2.7.*

The initial zero and final quantity must automatically 
be displayed.*

*DC EVSE exempt until 1/1/2028 if placed in service prior to 1/1/2025

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.2.7. requires an initial zero to begin the transaction and the display of the final quantity. (click) DC EVSE placed in service prior to 1/1/25 are exempt from this requirement until 1/1/28.  These conditions will apply to several other paragraphs in NIST HB 44. CA law supersedes this exemption.
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.7. Money-Value Divisions. 
Code Reference:  3.40:  S.2.5.2
All indicated money value and quantity divisions 
of any auxiliary element shall be identical to 
those of the primary element.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5. Inspection

5.3. Indicating and Recording Elements.
5.3.8. Unit Price and Product Identity.
Code Reference:  3.40:  S.2.4.1., S.2.4.3., 
UR.1.1., UR.3.1., 5.55:  UR.1.

The rates for energy and other fees, must be 
clearly, prominently, and conspicuously displayed

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5.3.8. Unit Price and Product Identity.

Code Reference:  3.40:  S.2.4.1. Unit Price.
An EVSE shall be able to indicate on each face 
the unit price at which the EVSE is set to 
compute or to dispense at any point in time 
during a transaction.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Back to the indication of the Unit Price. (click) Per S.2.4.1., an EVSE must be able to indicate the UP at any point during the transaction. 
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5.3.8. Unit Price and Product Identity.

Code Reference:  3.40:  S.2.4.3. Selection of Unit 
Price.
When electrical energy is offered for sale at more than 
one unit price through an EVSE, the selection of the 
unit price shall be made prior to delivery through a 
deliberate action of the purchaser to select the unit 
price for the fuel delivery. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
S.2.4.3. specifies, that if multiple price points are available, the user must be able to select the price before EE is delivered.
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5.3.8. Unit Price and Product Identity.

Code Reference:  3.40:  S.2.4.3. Selection of Unit 
Price.
Except when the conditions for variable price 
structure have been approved by the customer prior 
to the sale, a system shall not permit a change to the 
unit price during delivery of electrical energy.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
It also specifies that the unit price shall not change unless the user selects a variable pricing structure.




103

5.3.8. Unit Price and Product Identity.
Code Reference:  3.40:  S.2.4.3. Selection of Unit Price.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Except when the conditions 
for variable price structure 
have been approved by the 
customer prior to the sale, 
a system shall not permit a 
change to the unit price 
during delivery of electrical 
energy.

Presenter Notes
Presentation Notes
This illustrates how pricing can fluctuate based on demand for electricity, which may result in variable pricing.  
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5.3.8. Unit Price and Product Identity.
Code Reference:  3.40:  S.2.4.3. Selection of Unit Price.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Except when the conditions 
for variable price structure 
have been approved by the 
customer prior to the sale, 
a system shall not permit a 
change to the unit price 
during delivery of electrical 
energy.

Presenter Notes
Presentation Notes
Off-peak changes to on-peak at 11 am, if the user isn’t provided the option to approve variable pricing, what should, or would you expect to happen if a charging session starts at 10:55 am and continues for more than 5 minutes? (session ends at 11, session continues at Off-Peak price, or user is notified and must accept On-Peak price to continue or end session)




105

EPO 30-Retail Electric Vehicle Fueling Systems
5.3.8. Unit Price and Product Identity.

Code Reference:  3.40:  UR.3.1., 5.55:  UR.1.
An EVSE used in direct sales shall display:
• the unit price of EV fuel,
• and if time-based fees are accessed, the 

$ per unit(s)of time

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
There are also user requirements that require the UP and other fees to be displayed.
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5.3.8. Unit Price and Product Identity. 3.40:  
S.2.4.1. Unit Price. – An EVSE shall be able to indicate 
on each face the unit price at which the EVSE is set to 
compute or to dispense at any point in time during a 
transaction.
UR.3.1. Unit Price for Retail EVSE Devices. – The unit 
price at which the EVSE is set to compute shall be 
conspicuously displayed or posted on the face of the 
retail EVSE used in direct sale.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
To digress a little, these paragraphs are associated with each other, S.2.4.1. is a design requirement, UR3.1. pertains to how the device must operate.  Read and compare these two paragraphs.  Take a minute or two.
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5.3.8. Unit Price and Product Identity. 3.40:  
S.2.4.1. Unit Price. – An EVSE shall be able to indicate 
on each face the unit price at which the EVSE is set to 
compute or to dispense at any point in time during a 
transaction.
UR.3.1. Unit Price for Retail EVSE Devices. – The unit 
price at which the EVSE is set to compute shall be 
conspicuously displayed or posted on the face of the 
retail EVSE used in direct sale.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
To digress a little, these paragraphs are associated with each other, S.2.4.1. is a design requirement, UR3.1. pertains to how the device must operate.  Read and compare these two paragraphs.  Take a minute or two.
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• Unit Price?

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

UR.3.1. requires 
that “The unit 
price…shall be 
conspicuously 
displayed…on 
the face of the 
retail EVSE used 
in direct sale.

Presenter Notes
Presentation Notes
Back to this display, if the user must select “Session Details” to view the unit price, is this device in compliance with S.2.4.1. and UR.3.1.?
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5. Inspection

5.3.9. Multiple Unit Price Dispensers.
Code Reference:  1.10:  G-S.5.3.1., 3.40:  S.1.1., S.2.4.3., UR.3.1., 
5.55:  UR.1.
A device capable of charging multiple unit prices over a single transaction 
and/or for time-based services shall indicate the specified transaction 
information and appropriately identify the unit prices which are selectable 
by the customer.
Statement of rates in units of time (where applicable) for the service is 
clear and prominently displayed. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Any unit price or time-based fees applicable to a charging session must be clearly identified.
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NIST HB 44
3.40:  S.2.4.3. Selection of Unit Price.

Present Rate

Future Rate

Variable Rate Condition 

Presenter Notes
Presentation Notes
This is another example where the unit price of EE changes depending on the time of day. (click) This rate is based on charging before 2:00 pm. (click) This rate is based on charging between 2:00 pm and 7:00 pm, (click) as specified here.
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5. Inspection

5.3.10. Advancement and Return to Zero.
Code Reference:  3.40:  S.2.1., S.2.2., UR.3.2., UR.3.5., 5.55:  
S.1.1.4.
Indicating and recording elements readily return to zero and it 
is not possible to return beyond the correct zero position.  
Zeroing operation not possible during delivery.
Timing element advances only during operation of the device.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
These paragraphs pertain to the operation of zero.
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5. Inspection

5.3.13. Recorded Representations.
5.3.13.1. General.
Code Reference:  1.10:  G-S.5.6., 3.40: S.2.6., 
5.55:  S.1.4.1. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
These paragraphs specify what must be included on the recorded representation for electrical energy and time-related fees.
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5.3.13. Recorded Representations.   3.40: S.2.6.                                

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

a. the total quantity of the energy 
delivered with unit of measure 

b. the total computed price of the 
energy sale

c. the unit price of the energy
d. the maximum rate of energy 

transfer (i.e., maximum power) 
and type of current

e. any additional separate charges 
included in the transaction (e.g., 
charges for parking time) 
including:

f. the final total price of the 
complete transaction including 
all items

g. the unique EVSE identification 
number

h. the business name; and
i. the business location.

1. the time and date when the service begins and the time and 
date when the service ends; or the total time interval 
purchased, and the time and date that the service either begins 
or ends;

2. the unit price applied for the time-based service
3. the total purchase price for the quantity of time measured 

during the complete transaction

5.55:  S.1.4.1. – refers 
to 3.40. (S.2.6.(e))

Presenter Notes
Presentation Notes
These paragraphs specify what must be included on the recorded representation for electrical energy and time-related fees.
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5. Inspection

5.3.14. Automatic Timeout, Pay-At-EVSE.  
Code Reference: 3.40:  S.2.8. (1/1/20)
After authorization, the device must de-authorize 
in two minutes if not activated.  If the time limit to 
deauthorize the device is programmable, it shall 
not accept an entry greater than two minutes. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
An EVSE must deauthorize the device if not activated within 2 minutes.
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5.3. Indicating and Recording Elements.

What is the maximum value of the unit of indicated 
delivery for an AC EVSE?

a. 0.00001 kWh
b. 0.0001 kWh
c. 0.001 kWh
d. 0.01 kWh

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5.3. Indicating and Recording Elements.

What is the maximum time interval value for EVSE that 
access time-related fees?

a. 1 second
b. 1 minute
c. 5 minutes
d. 30 minutes

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5. Inspection

5.4. Provision for Sealing.
Code Reference:  1.10:  G-S.8. (1/1/90), 3.40:  
S.3.3., Table S.3.3., 5.55:  S.4.
Sealing information included in NTEP & CTEP 
CC’s

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The next sub-heading is 5.4. Provision for Sealing. These paragraphs specify how a device is designed to be sealed.  The method of sealing is included on NTEP CC’s as shown at the bottom of the slide.
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5.4. Provision for Sealing. (con’t)

Table S.3.3. 
Categories of Device and Methods of Sealing 

Categories of Device Method of Sealing

Category 1: No remote configuration capability.  physical seal or two event counters: one for calibration 
parameters and one for configuration parameters.

Category 2: Remote configuration capability, but access is 
controlled by physical hardware.

hardware sealed using a physical seal or an event counter 
for calibration parameters and an event counter for 
configuration parameters.

Category 3: Remote configuration capability access may be 
unlimited or controlled through a software switch (e.g., 
password).

An event logger is required in the device; it must include an 
event counter (000 to 999), the parameter ID, the date and 
time of the change, and the new value of the parameter.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program





Presenter Notes
Presentation Notes
This is a condensed version of Table S.3.3. The table in HB 44 has more complete information than shown here. Cat 1 and Cat 2 have similar methods of sealing, (click) a physical seal or event counters. (click) The difference (click) is remote configuration capability (Cat 2 has it, click Cat 1 doesn’t). Cat 2 and Cat 3 (click) both have remote config capability, (click) but Cat 2 is controlled by physical hardware (a switch, button, jumpers on the main board, etc.), (click) while Cat 3 may have unlimited access or use a software switch and requires an event logger.
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Physical Measurement Laboratory
Office of Weights and Measures
Legal Devices Program

5.4. Provision for Sealing.
5.4.1. Physical Means of Security. 

5.4.1.1. Accessibility of the Adjusting 
Mechanism
Code Reference:  3.40:  S.3.3., 5.55:  S.4.
When applicable, the adjusting mechanism 
shall be readily accessible for purposes of 
affixing a security seal.

Presenter Notes
Presentation Notes
An adjustment mechanism must be readily accessible to apply seals.
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5.4.2. Audit Trails.

5.4.2.2. Audit Trail Information.  
If the system is equipped with event counters, note 
parameters (calibration/configuration) on the report form 
for future reference. If equipped with an event logger, print 
a copy of the event log and attach it to the report form for 
future reference. Note that on some systems an electronic 
copy of the event log may also be available. Examine these 
records for any signs of misuse of adjustments.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Note event counters on the report (calibration/configuration numbers) or print event logs.  Examine logs for signs of improper adjustments.
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5.4.2. Audit Trails.

5.4.2.3. Event Logger. (con’t)
• shall include:

• event counter (000 to 999), 
• the parameter ID, 
• the date and time of the change, and 
• the new value of the parameter, and
• a capacity to retain records equal to 10 times the number of 

sealable parameters in the device, but not more than 1000 
records are required. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Event logger must include (read list) This information may be printed by the device, printed by another on-site device, or transmitted electronically. (click)



122

EPO 30-Retail Electric Vehicle Fueling Systems
5.4.4. Multiple Elements - Common Seal.  
Code Reference:  1.10:  G-S.8.1. (1/1/10)
For multiple measuring elements with a single provision 
for sealing, a change to the adjustment of any measuring 
element must be individually identified.
5.4.5. Metrologically Significant Software Updates.  
Code Reference:  1.10:  G-S.9.
A metrologically-significant software change is a sealable 
event.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
G-S.8.1 specifies that if multiple elements share a single-sealing method, any adjustment must be individually identified.  G-S.9. identifies any metrological change as a sealable event.
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5. Inspection

5.6. Measuring Elements.
5.6.1. Security Seals.

Presence of Security Seals.    
Code Reference:  1.10:  G-UR.4.5., 3.40:  S.3.1., S.3.3., 
5.55:  S.4.
Check for the presence of security seals on the device. 
Document missing seals on the official report and apply new 
ones as needed.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
This is a little out of order, but sub-heading 5.6. which pertains to measuring elements addresses sealing requirements as well.
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5. Inspection

5.5. Marking.
5.5.1. General Markings:
Code Reference:  1.10:  G-S.1.

5.5.1.1. Identification – General. 
Code Reference:  G-S.1.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Sub-heading 5.5. pertains to marking requirements which positively identify an EVSE.  There are many identification requirements in the General Code, which will be covered briefly.  More time will be focused on the marking requirements specific to EVSE’s.




General-Code Reference:  G-S.1.
• Name or ID of manufacturer
• Model designation
• Nonrepetitive serial number
• Software version or revision identifier: software-

based devices and not-built-for-purpose software-
based devices.

• NTEP CC Number
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
This is the information required to be marked on all commercial and law-enforcement devices.  There are also specific requirements that codify how each of these are identified.  (click) For example, as of 1/1/03 the model must be prefaced by “Model”, Type”, or “Pattern” 




General-Code Reference:  G-S.1.
• Name or ID of manufacturer
• Model designation

126

EPO 30-Retail Electric Vehicle Fueling Systems

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Prefaced by “Model”, Type”, or “Pattern” NR 1/1/03

Presenter Notes
Presentation Notes
This is the information required to be marked on all commercial and law-enforcement devices.  There are also specific requirements that codify how each of these are identified.  (click) For example, as of 1/1/03 the model must be prefaced by “Model”, Type”, or “Pattern” 
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5. Inspection

5.5.1.4. Device-Specific EVSE Additional Identification 
and Marking Information
Code Reference:  3.40:  S.5.2.
o Voltage rating.

Code Reference:  3.40:  S.5.2.(a)
o Maximum current deliverable (MCD).

Code Reference:  3.40:  S.5.2.(b)
Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Also required by MOS 2.33.3.(e)

Presenter Notes
Presentation Notes
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5. Inspection

5.5.1.4. Device-Specific EVSE Additional Identification 
and Marking Information.
o Type(s) of current (AC/DC).

Code Reference:  3.40:  S.5.2.(c)
o Minimum measured quantity (MMQ).

Code Reference:  3.40:  S.5.2.(d)
o Temperature limits, if narrower than – 40 °F to 185 °F.

Code Reference:  3.40:  S.5.2.(e)
Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Also required by MOS 2.33.3.(c) & (e)

Presenter Notes
Presentation Notes
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5.5.1.4. Device-Specific EVSE Additional Identification and 
Marking Information.
Accuracy Class 5* for DC systems placed into service prior 
to 2025: Code Reference:  3:40:  S.5.2.1.
The information must be visible to a person accessing a 
device or system charging port. If provided via the 
indicating element, the information shall be visible prior to 
the start of the transaction.
*A DC EVSE placed in service prior to 1/1/25 and is subject to the tolerances of 
T.2.2.(a) is a Class 5 EVSE shall be marked with Class 5 (exempt until 1/1/28).

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
If placed in service prior to 1/1/25, a DC EVSE may be marked with Class 5. (click) This marking must be visible to anyone accessing the system.  If the indicating element is used, this must be visible prior to starting the transaction. (click) If marked Class 5, and placed in service prior to 1/1/25 the EVSE is subject to the tolerances in T.2.2. (+/- 5%)  
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5. Inspection

5.5.2. Location of Marking Information, Not-Built-For 
Purpose, Software-Based Devices.
Code Reference:  1.10:  G-S.1.1. (1/1/04)
5.5.3. Visibility of required markings after installation.
Code Reference:  1.10:  G-UR.2.1.1.
5.5.4. Location of Marking Information, Retail EVSE.
Code Reference:  3.40:  S.5.1.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
These three paragraphs pertain to the location of the required marking information.  (click) The next slide will provide more specific details included in S.5.1. 
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5.5.4. Location of Marking Information, Retail EVSE.
Code Reference:  3.40:  S.5.1.
Marking information required in G-S.1. Identification 
shall appear as follows:
(a) within 60 cm (24 in) to 150 cm (60 in) from ground 

level; and
(b) on a portion of the EVSE that cannot be readily 

removed or interchanged (e.g., not on a service 
access panel).

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5.5.4. Location of Marking Information, Retail EVSE.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

NTEP CC’s are a good 
source to help locate 
the required markings 
on a device.

This is from CC 23-045

Presenter Notes
Presentation Notes
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5.5.4. Location of Marking Information, Retail EVSE.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5.5.4. Location of Marking Information, Retail EVSE.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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What information is required to be labeled/marked by 
both MOS 2.33.3. in NIST Handbook 130 and S.5.2. in 
Section 3.40. of NIST SHandbook 44?

a. Nominal Power/MMQ
b. Voltage/Type of current (AC/DC)
c. Amperage/Maximum Current Deliverable (MCD)
d. Maximum Deliverable Amperage (MDA)/Minimum 

Measured Quantity (MMQ)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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5.5.5. Responsibility, Money-Operated Devices, 
Unattended EVSE.
Code Reference:  1.10:  G-UR.3.4., 3.40: UR.2.5 
5.5.6. Limitation on Use.
Code Reference:  3.40:  S.5.2., UR.2.1., UR.2.3. 
5.5.7. Equipment Capacity.
Code Reference:  3.40:  S.2.4.2. - Requires display of 
“maximum power” and current type with unit price

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
(click) Unattended EVSE must have information detailing the name, address, and phone number of the local responsible party for the device.  (click) The marked MCD shall not exceed total capacity in amperes or the overload protector, where installed, and an EVSE shall be installed so that it does not exceed the rated maximum current and voltage values over which it is designed to operate. (click) An EVSE shall be able to conspicuously indicate on each face the maximum rate of energy transfer (i.e., maximum power) and the type of current associated with each unit price offered. 




S.2.4.2.
       Maximum rate of energy transfer and the type of current
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

24.638 kWh

100 kW DC

$0.45/kWh

$11.09

24.638 kWh

$0.45/kWh

100 kW DC

$11.09

EZEV

100 kW DC

Charging 
Complete

EV CS
24.638 kWh

$0.45/kWh

$11.09

EV CS APP

85 % 
SoCCHRG EZ 

App

EVSE Display EVSE Display

Presenter Notes
Presentation Notes
On the left is an EVSE display and an app displaying the information obtained from the EVSE.  On the right is an EVSE display with some information and an app with additional information. 
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5. Inspection

o 5.7. Connection Cord.
Length and Protection.
Code Reference:  3.40:  UR.1.2.

o 5.8. Facilitation of Fraud.
Facilitation of Fraud, General.
Code Reference:  1.10:  G-S.2.

o 5.9. Totalizers for EVSE Systems.
Code Reference:  3.40:  S.7.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.1. Test Methods.
-Test methods approved by the Director (NIST HB 44, 
Appendix A, Section 3. Testing Apparatus) can be utilized. 
The procedures in EPO 30 may need to be modified. 
6.2. Overview of the EVSE and EV Communications that 
Facilitate a Charging Session.
-Provides a general description of EV to EVSE 
communications

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Section 6. Pretest Determinations, along with the next Section, Test Notes, prepare the official or serviceperson to conduct the test.  If test methods not included in this EPO are approved by a State Director, those tests can be utilized, but the procedures included in EPO 30 may need to be modified.  This section also includes a general description of the communication that occurs between an EVSE and an EV, and, for a test, the EV test equipment.
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6. Pretest Determinations

6.3. Pretest Determination Notes
Before testing the EVSE, verify the following.
1) The system is safe, legal, and, with respect to 

the installation, suitable for commercial use.
2) The jurisdiction permits the sale of electrical 

energy as a vehicle fuel.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6.3. Pretest Determination Notes (con’t)
3) If charges are also assessed for time related 

services, verify these additional fees are:
i. associated with an electric vehicle (EV) charging 

session;
ii. calculated based on a recognized unit of time; and

iii. separate from fees assessed for the sale of electricity 
that is based on a recognized unit of electrical energy.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.3. Pretest Determination Notes (con’t)
4) If specific rate rules apply, they are:

• properly interpreted, 
• itemized in printed and/or electronically recorded 

representations and/or posted, 
• accurately calculated, and
• where applicable, coordinated with other agencies that 

overlap as parking authorities.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.4. Tolerances.
6.4.1. Acceptance/Maintenance Tolerances.
Code Reference:  1.10:  G-T.1., G-T.2.
6.4.2. Application.
Code Reference:  1.10:  G-T.3., 3.40:  T.1., 
T.4. 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The general code determines when acceptance or maintenance tolerances apply.  T.1. and T.4. pertain to the application of tolerances to EVSE.
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6. Pretest Determinations

6.4. Tolerances.
6.4.3. Basic Values.
Code Reference: 3.40:  T.2., T.2.1., T.2.2., 
5.55:  T.1.3., Table T.1.3.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Tolerances values are specified for EVSE in T.2.  T.2.1 applies to AC EVSE, T.2.2. applies to DC EVSE.  The tolerance values for EVSE with timing-related fees are specified in T.1.3. and Table T.1.3.
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6. Pretest Determinations

6.4. Tolerances (AC Systems). 3.40: T.2.1.
(a) Acceptance Tolerance: 1.0 %; and
(b) Maintenance Tolerance: 2.0 %

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
AC EVSE have an acceptance tol of 1% and a maintenance tol of 2%
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6. Pretest Determinations

6.4. Tolerances (DC Systems). 3.40: T.2.2.
(a) Acceptance and Maintenance Tolerance of 5% 
All DC EVSEs placed into service prior to January 1, 2025 are exempt from T.2.2. EVSE 
Accuracy Test Tolerances for DC Systems until January 1, 2028. For those Class 5 DC 
Systems, the tolerances of T.2.2.(a) expire January 1, 2034, then the tolerances of 
T.2.2.(b) will apply.

(b) DC EVSE not subject to T.2.2.(a)
(1) Acceptance Tolerance: 1.0 %; and
(2) Maintenance Tolerance: 2.0 %.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The application of tolerances for DC EVSE is another area where CA law supersedes NIST HB 44.

For those who operate in jurisdictions that utilize this area of NIST HB 44 this is another paragraph that includes an exemption for DC EVSE.
DC EVSE placed in service prior to 1/1/25 are exempt from certain paragraphs, including T.2.2.(a) until 1/1/28.  As of 1/1/28, that exemption is removed and the tolerances specified in T.2.2.(a), 5% accept & maint apply to DC EVSE placed in service prior to 1/1/25. As of 1/1/2034, the tolerance for all DC EVSE will be 1% for acceptance and  2% for maintenance.

The tolerances for DC EVSE installed after 1/1/25 are 1% for acceptance and 2% for maintenance. CA law applies tolerance to DC devices differently than NIST HB 44.
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6. Pretest Determinations

6.4. Tolerances (DC Systems). 1.10:  G-A.3.
Requirements and provisions from the 
General Code and other device codes apply 
when equipment does not fall clearly in an 
established separate code due to special 
design or otherwise.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The exemption for DC EVSE placed in service prior to 1/1/25 is categorized as “or otherwise”, when applying G-A.3.  Allowing a device to be used commercially without being tested, may create an indefensible position for a jurisdiction.  If a jurisdiction chooses to apply G-A.3. when inspecting and testing a device, they need to 
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Special and Unclassified Equipment
APPLYING NIST HANDBOOK 44 TO NEW TECHNOLOGIES OR APPLICATIONS

By Tina G. Butcher, NIST OWM
When an inspector finds that a device does not fall 
under or is not adequately covered by a specific code, 
paragraph G-A.3. allows the inspector to draw upon 
other device codes to find requirements that best fit 
the device and its application.
https://www.nist.gov/document/special-unclassified-equipment

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Tina Butcher, who recently retired from our office, wrote an article in 2014 on the application of G-A.3. It would be helpful to review this article for jurisdictions that might consider applying this paragraph.  Here’s a small excerpt from the article.  Begin to read then click.  The full article is available on our website using the link at the bottom of this slide.
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6. Pretest Determinations

6.4.4. Repeatability.
Code Reference:  1.10: G-S.5.4.,  3.40:  N.4., 
T.3.
• Minimum of three consecutive tests
• Same load, test duration, etc.
• Conducted under reasonably static conditions

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.2.5. Digital Indications and Representations, 
Timing Devices .
Code Reference:  5.55:  T.2.
To the tolerances that would otherwise be 
applied add an amount one-half the minimum 
value that can be indicated or recorded.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
For timing devices with digital indications or representations, ½ the minimum value indicated or recorded is added to the normal tolerance for that device. This only applies to timing devices with digital indications, which will include all EVSE.
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6.4.5. Digital Indications and Representations, Timing 
Devices, Code Reference:  5.55: T.1.3., T.2.

Example: In addition to fees assessed for electrical energy, an 
EVSE assesses a fee for parking.  The EVSE has a digital 
indication of the time elapsed and a time interval of 1 minute. 
What is the tolerance on an elapsed time of 25 minutes for:
a. Overregistration
b. Underregistration

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Here’s an example for an EVSE that also assesses fees for time-related services. (click) As identified earlier, EVSE must have an interval of 1 minute for time related services.  For an elapsed time of 25 minutes, what is the tolerance allowed for over- and under-registration?
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6.4.5. Digital Indications and Representations, Timing Devices, Code 
Reference:  5.55: T.1.3., T.2.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

T.2. Tests Involving Digital Indications or Representations. – To the tolerances that would otherwise be applied, there 
shall be added an amount equal to one-half the minimum value that can be indicated or recorded. 

Presenter Notes
Presentation Notes
(click) Tolerance is based on Table T.1.3. in Section 5.55. Timing Devices. (click) and paragraph T.2. for devices with digital indications or representations.
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What is the tolerance on an elapsed time of 25 minutes with a 1-minute 
interval for Overregistration:

0 + 1/2(1 m) = 

T.2.: one half the minimum value indicated or recorded

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Devices used to assess fees for parking, including EVSE, (click) are allowed no tolerance for overregistration (click)…unless the indications or representations are digital. 
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What is the tolerance on an elapsed time of 25 minutes with a 1-minute 
interval for Overregistration:

0 + 1/2(1 m) =

0 + 0.5 m=

0.5 m x 60 s/m=

30 s

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
½ times 1 minute is (click) half a minute, to convert to seconds, (click) multiply times 60 s/m (click) which equals 30 s
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What is the tolerance on an elapsed time of 25 minutes with a 1-minute 
interval for overregistration:

0 + 1/2(1 m) = 0 + 0.5 m = 0.5 m x 60 s/m = 30 s

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

EVSE Time Registration: 25 minutes
Test Standard Timepiece Value MM:SS (1 s intervals)
Maximum Error: 30 s Minimum Error: 0 s

24:30 25:00

Presenter Notes
Presentation Notes
For this example, the maximum overregistration error is 30 s.  That means the EVSE can indicate or record 25 minutes when the time piece used as the test standard indicates 24m 30 s, but that is the limit for overregistration.
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What is the tolerance on an elapsed time of 25 minutes with a 1-minute 
interval for underregistration:

10* s/m x 25 m =
*no less than 2 minutes

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
(click) For underregistration the error is 10 seconds per minute, (click) but no less than 2 minutes 
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What is the tolerance on an elapsed time of 25 minutes with a 1-minute 
interval for underregistration:

10 s/m x 25 m =
250 s

250 s ÷ 60 s/m =
4 m 10 s

4 m 10 s + 30 s
T.2.: one half the minimum value indicated or recorded

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

= 4 m 40 s

Presenter Notes
Presentation Notes
10 s/m times 25 minutes of elapsed time equals 250 s.  (click) To convert to minutes and seconds, divide by 60 s/m, which equals 4 m 10 s.  Is that the tolerance for underregistration?  (click) Remember that if the indication or representation is digital, T.2.2. also applies.  For a 1-minute interval, an additional 30 s is added (click) for a total tolerance of 4 m 40 s for underregistration.
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

What is the tolerance on an elapsed time of 25 minutes with a 1-
minute interval for underregistration:

4 m 40 s

EVSE Time Registration: 25 minutes
Test Standard Timepiece Value MM:SS (1 s intervals)

Maximum Error: 4 m 40 s Minimum Error: 0 s
29:40 25:00

Presenter Notes
Presentation Notes
For this example, the maximum underregistration error is 4 m 40 s.  That means the EVSE can indicate or record 25 minutes when the time piece used as the test standard indicates 29m 40 s, but that is the limit for underregistration.
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Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

What is the tolerance on an elapsed time of 25 minutes with a 1-
minute interval:

- 30 s to + 4 m 40 s

EVSE Time Registration: 25 minutes
Test Standard Timepiece Value MM:SS (1 s intervals)
Max Over Error: 30 s Max Under Error: 4 m 40 s

24:30 29:40

Presenter Notes
Presentation Notes
To summarize, for this example, (click) for an elapsed time of 25 minutes for parking-related services, (click) the maximum overregistration error is 30 s, (click) which would correspond to a time of 24 m 30 s on the test standard timepiece, and the maximum underregistration error is 4 m 40 s, which would correspond to a time of 29 m 40 s on the test standard timepiece.
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6. Pretest Determinations
How much time must elapse on an EVSE with digital 
indications that accesses fees for parking services, before 
the tolerance applied exceeds the minimum tolerance for 
underregistration (T.1.3.) of 2 minutes?

a. 10 minutes
b. 11 minutes
c. 12 minutes
d. 13 minutes

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations
How much time must elapse on an EVSE with digital 
indications that accesses fees for parking services, before 
the tolerance applied exceeds the minimum tolerance for 
underregistration (T.1.3.) of 2 minutes?

a. 10 minutes
b. 11 minutes
c. 12 minutes
d. 13 minutes

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Time 
Elapsed 

(Minutes)

Tol 
Underregistration 
10 sec/min (T.1.3)

Tol Digital 
Indications 
30 sec (T.2) Total Tol

1 10 sec* 30 sec 2 min 30 sec
2 20 sec* 30 sec 2 min 30 sec
3 30 sec* 30 sec 2 min 30 sec
4 40 sec* 30 sec 2 min 30 sec
5 50 sec* 30 sec 2 min 30 sec
6 60 sec* 30 sec 2 min 30 sec
7 1 min 10 sec* 30 sec 2 min 30 sec
8 1 min 20 sec* 30 sec 2 min 30 sec
9 1 min 30 sec* 30 sec 2 min 30 sec

10 1 min 40 sec* 30 sec 2 min 30 sec
11 1 min 50 sec* 30 sec 2 min 30 sec
12 2 min 30 sec 2 min 30 sec
13 2 min 10 sec 30 sec 2 min 40 sec
14 2 min 20 sec 30 sec 2 min 50 sec

*minimum of 2 minutes

Presenter Notes
Presentation Notes
Describe the asterisks (minimum of 2 minutes for underregistration and 30 seconds for 1-minute intervals (half the interval, due to rounding)
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6. Pretest Determinations
What is the acceptance tolerance value applied 
to an AC EVSE?

a. 0.5 %
b. 1 %
c. 2 %
d. 5 %

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations
What tolerance value is applied to a DC EVSE placed 
in service prior to 1/1/25 and marked Class 5?

a. 0.5 %
b. 1 %
c. 2 %
d. 5 %

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.5. Statement of Rates.
Code Reference:  5.55:  UR.1., UR.1.(a)
Where time fees are assessed in association 
with the electrical energy charging session 
the pricing for time rates are clearly, 
prominently, and conspicuously displayed.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Time-related fees must be clearly, prominently, and conspicuously displayed. 
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6. Pretest Determinations

6.6. Test Load. 
Code Reference:  1.10:  G-A.3., 3.40:  N.2., 
N.3.1., N.3.3.
Identify the test site conditions under which 
testing will be conducted on an EVSE.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
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6. Pretest Determinations

6.6. Test Load. (con’t) 
When conducting any tests on an EVSE, verify that the test 
standard(s) is appropriate for the EVSE under test based on the 
EVSE’s power capacity, voltage, type of current, amperage, and 
system’s power transfer method, and whether the system 
includes an integral timing device. Determine that the 
prescribed load can be met if an electric vehicle is used as the 
test load for a DC system.  

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The test standards should be suitable for the EVSE’s power capacity, voltage, type of current, amperage, and power transfer method, and when applicable, the integral timing device. Determine if an acceptable load can be met if using an EV as the test load for DC systems. 
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6. Pretest Determinations

6.7 Test Draft Size. 
The marked MMQ determines the minimum test draft.
As a minimum, a “light load test,” “midrange load test,” 
and a “full load test” shall be conducted on an AC EVSE.  
As a minimum, a “light load test,” and a second test at a 
point above the “light load” up to but not exceeding a 
“full load” shall be conducted on a DC EVSE.  

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
AC EVSE require a “light load test,” “midrange load test,” and a “full load test”, DC EVSE require a “light load test” and a “full load test”  
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6. Pretest Determinations

6.7. Test Draft Size
Code Reference:  1.10:  G-A.3., 3.40:  N.1., N.3.1., 
N.3.3.
Test drafts shall be equal to at least the minimum 
measured quantity (MMQ). 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations

6.7. Test Draft Size
Code Reference:  1.10:  G-A.3., 3.40:  N.1., N.3.1., 
N.3.3.

The MMQ for an AC system shall be ≤ 0.5 kWh.
The MMQ for an DC system shall be ≤ 1.0 kWh.

The MMQ must be marked on the device and is 
included on the NTEP CC.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The MMQ for AC EVSE must be less than or equal to 0.5 kWh. The MMQ for DC EVSE must be less than or equal to 1.0 kWh.
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6. Pretest Determinations

6.7 Test Draft Size.(con’t) 
N.3.1. Testing of an AC EVSE. – Accuracy tests shall 
be performed at the following current levels:
(a)  A point between 4 A and 10 A;
(b) A point between 40 % and 60 % of the MDA; 

and
(c) A point between 70 % and 100 % of the MDA.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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6. Pretest Determinations
6.7 Test Draft Size.(con’t) 

N.3.3. Performance Verification in the Field of a DC 
EVSE. – Accuracy tests shall be performed at any 
voltage and the following current levels:
(a) A point between 10 % and 20 % of the MDA, but 

not less than 30 A; and

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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6. Pretest Determinations
6.7 Test Draft Size.(con’t) 

N.3.3. Performance Verification in the Field of a DC 
EVSE. – Accuracy tests shall be performed at any 
voltage and the following current levels:
(b) A point between 25 % and 100 % of the MDA
(test at the maximum power level possible using the 
test load and test standard available)

Physical Measurement Laboratory
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6. Pretest Determinations
6.7 Test Draft Size. (con’t) 

N.3.3. Performance Verification in the Field of a DC EVSE. 
Note: The test points (a) and (b) above must not be at the same current 
level; the current levels should be separated to the extent that the test 
load and test standard will allow.
For DC systems, if an electric vehicle is used as the test load, the load 
presented by the vehicle shall be sufficient for field verification if it is 
greater than 40 % of the MDA and no less than 30 A.

Physical Measurement Laboratory
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National Legal Metrology Program
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6. Pretest Determinations
6.7 Test Draft Size.(con’t) 

N.3.3. Performance Verification in the Field of a DC EVSE. 
All DC EVSEs placed into service prior to January 1, 2025 are exempt from 
the tests as specified in N.3.3. Performance Verification in the Field of a 
DC EVSE (3.40) until January 1, 2028.
Requirements and provisions from the General Code and other device 
codes apply when equipment does not fall clearly in an established 
separate code.

Physical Measurement Laboratory
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National Legal Metrology Program
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Which of the following current levels would be acceptable 
when conducting a full load test on an AC EVSE?

a. 10 % of the MDA
b. 35 % of the MDA
c. 60 % of the MDA
d. 85 % of the MDA

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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Which of the following current levels would be acceptable 
when conducting a full load test on a DC EVSE (circle all that 
apply)?

a. 10 % of the MDA
b. 35 % of the MDA
c. 60 % of the MDA
d. 85 % of the MDA

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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6. Pretest Determinations

6.8. Duration of the Test. 
Determine the duration of the test time for a test 
load and interference time tests which is 
representative of the time lapsed during typical 
charging sessions for that business type or based 
on the posted rates.

Physical Measurement Laboratory
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6. Pretest Determinations

6.8. Duration of the Test. 
6.8.1. Electrical Energy Equation for Use to Establish the 
Duration of the EVSE Test.
The time will vary to complete the delivery of the 
required minimum test draft and the steps necessary to 
verify and document the indicated and recorded 
transaction information over the specified operating 
range of an EVSE. 
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6. Pretest Determinations

6.8. Duration of the Test. 
6.8.1. Electrical Energy Equation for Use to Establish the 
Duration of the EVSE Test.
To calculate the approximate time for the delivery of the 
required minimum quantity of electrical energy for each level of 
charging specified for the test of an EVSE for compliance with 
the Notes paragraphs in Section 3.40. of NIST HB 44, the Power 
Formula, P = V x I, is used. 
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6. Pretest Determinations-Test Duration
To calculate the test duration, use the 
following steps:
1. Determine the MDA* and the percentage 

of the test load at which the test will be 
conducted

(*Based on communication between the EVSE and the test standard 
and associated equipment)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes

MDA is dependent on the EVSE and is based on communication between the EVSE and the test equipment.  The % of test load is confirmed by the person performing the test and should be based on N.3.1. for AC EVSE and N.3.3. for DC EVSE.
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6. Pretest Determinations-Test Duration

2. Verify the MDA does not exceed the 
Maximum Current Deliverable (MCD)

3. Determine the test load by multiplying 
the MDA determined in step 1 by the test 
load percentage

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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6. Pretest Determinations-Test Duration

4. Using the formula for Power (P = V x I) 
determine the power in Watts (W) to be 
supplied to the test equipment where:
P is power expressed in Watts (W);
V is voltage expressed in Volts (V); and
I is current expressed in Amps (A)

Physical Measurement Laboratory
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6. Pretest Determinations-Test Duration

5. Convert Power from Watts (W) to 
kilowatts (kW)

6. Divide the minimum measured quantity 
(MMQ) by the power, now in kW to 
determine the test duration in hours (h)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes





184

EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations-Test Duration

7. Convert hours (h) to minutes (m) by 
multiplying by 60.

8. Convert minutes (m) to seconds (s) by 
multiplying by 60.
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6.Pretest Determinations-Test Duration Example 
An EVSE has a:
Voltage Rating = 208 VAC 
Maximum Current Deliverable (MCD) = 30 A
Maximum Deliverable Amperes (MDA) = 30 A
Minimum Measured Quantity (MMQ) = 0.2 kWh
Test Load = 75% of the MDA (“Full Load”) 

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The Voltage, MCD, and MMQ are marked on the device, the MDA is determined by the test equipment.
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6. Pretest Determinations-Test Duration
To calculate the test duration use the 
following steps:
1. MDA = 30 A*

At a test load = 75%*
MCD = MDA = 30 A

*Based on communication between the EVSE and the test standard and 
associated equipment

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The test equipment determines the MDA, and the test load is set by the test equipment operator, depending on which test is being performed (i.e., light load vs full load tests) and is communicated to the EVSE by the test equipment.
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6. Pretest Determinations-Test Duration

3. Test Load (I) = 30 A x 75 %
Test Load (I) = 30 A x 0.75 (75 ÷ 100)
Test Load (I) = 22.5 A

4. P = V x I
P = 208 V x 22.5 A
P = 4,680 W

Physical Measurement Laboratory
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6. Pretest Determinations-Test Duration

5. Convert Power (P) to kW (1 kW = 1,000 W)
P = 4,680 W ÷ 1000 = 4.68 kW

6. Test Duration (h) = MMQ ÷ P (kW)
Test Duration (h) = 0.2 kWh ÷ 4.68 kW
Test Duration (h) = 0.042735 h

Physical Measurement Laboratory
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EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations-Test Duration

7. Convert Test Duration from hours (h) to 
minutes (m) to seconds (s)
Test Duration = 0.042735 h x 60 m/h
Test Duration = 2.5641 m (0.5641 m x 60 s/m)
Test Duration ≈ 2 m 34 s
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6.Pretest Determinations-Test Duration Example 
An EVSE has a:
Voltage Rating = 1000 VDC 
Maximum Current Deliverable (MCD) = 350 A
Maximum Deliverable Amperes (MDA) = 300 A
Minimum Measured Quantity (MMQ) = 0.5 kWh
Test Load = 50% of the MDA
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6. Pretest Determinations-Test Duration
To calculate the test duration use the 
following steps:
1. MDA = 300 A*

At a test load = 50%*
2. MCD = 350 A > MDA = 300 A
*Based on communication between the EFVS and the test standard and 

associated equipment
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6. Pretest Determinations-Test Duration

3. Test Load (I) = 300 A x 50 %
Test Load (I) = 300 A x 0.5
Test Load (I) = 150 A

4. P = V x I
P = 1000 V x 150 A
P = 150,000 W

Physical Measurement Laboratory
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EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations-Test Duration

5. Convert Power (P) to kW (1 kW = 1,000 W)
P = 150,000 W x (1 kW ÷ 1000 W)
P = 150,000 W ÷ 1000 W = 150 kW

6. Test Duration (h) = MMQ ÷ P (kW)
Test Duration (h) = 0.5 kWh ÷ 150 kW
Test Duration (h) = 0.0033333 h

Physical Measurement Laboratory
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6. Pretest Determinations-Test Duration

7. Convert Test Duration from hours (h) to 
minutes (m)
Test Duration = 0.003333 h x 60 m/h
Test Duration = 0.2 m x 60 s/m
Test Duration = 12 s

Physical Measurement Laboratory
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EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations-Test Duration, Timing 

Device
The test duration to determine the accuracy of 
charges for time-based services should be 
representative of a transaction where fees are 
assessed for electrical energy and time-related 
services.

Physical Measurement Laboratory
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EPO 30-Retail Electric Vehicle Fueling Systems
6. Pretest Determinations-Test Duration, Timing 

Device

Presenter Notes
Presentation Notes
Here’s the example I used when discussing the MOS.  In this case, a representative transaction would be more than 30 minutes in length, as this device doesn’t charge for the first 30 minutes of the charging session. 
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7. Test Notes

7.1. Totalizers.
Code Reference:  3.40:  S.7.
To determine proper operation of totalizers, read 
and record the totalizer indications before and 
after all test drafts.  

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
The Test Notes section is intended to familiarize the user with the testing process.  While EPO 52 describes a similar process, the terms used to describe the steps are slightly different.
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7. Test Notes

7.2. Steps in the Test of an EVSE.
7.2.1. EVSE and Test Standard Connection Process.
a. Configure the test standard based on the EVSE’s 

parameters:
i. type of current (AC/DC),
ii. voltage, and
iii. power transfer method (cable/wireless)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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7.2. Steps in the Test of an EVSE.

7.2.1. EVSE and Test Standard Connection Process.
b. After connecting to the EVSE coupler, test 

procedures will be initiated using the test 
standard’s user interface. 3.40: N.2.

c. Utilize the authorization/activation method that 
has been identified to initiate the EV charging 
transaction session.

Physical Measurement Laboratory
Office of Weights and Measures
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7.2.1. EVSE and Test Standard Connection Process.
d. Determine the MDA from the digital communication 

message communicated from the EVSE to the test 
standard. 3.40: N.3.1., N.3.3.

e. Automatic Timeout - Pay-At-EVSE
If the time limit for deauthorizing the device is 
programmable, it shall not accept an entry greater than 
2 minutes. 
Code Reference:  3.40:  S.2.8. (1/1/20)

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program
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7.2.1. EVSE and Test Standard Connection Process.
f. Verify that the EVSE is displaying the correct quantity 

and total price for at least 15 seconds:
i. When the EVSE is activated and,
ii. At the start of the transaction
3.40: S.1.2.

g. Determine proper operation of totalizers, read and 
record the totalizer indications before and after all test 
drafts. 3.40: S.7.

Physical Measurement Laboratory
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National Legal Metrology Program
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7.2.2. After Each Test 
a. Review recorded representations (printed or electronic*) 

for: 
i. appropriate abbreviations, e.g., kWh
ii. itemized timing charges (when applicable)
iii. properly calculated money-values (to the nearest 1-cent) 

and agreement for all indicated or recorded values
iv. All required information is included
1.10:  G-S.5.6., G-S.5.6.1., 3.40:  S.2.6., UR.3.3., 5.55:  S.1.4.1.
*The customer may be given the option to choose the form of the receipt.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
These steps are similar to those in the EPO, but they have been condensed to facilitate a more efficient review.  When the test is completed, review each form of recorded representation, printed or electronic options, to ensure they include: (click) appropriate abbreviations, (click) itemized timing charges were applicable, (click) properly calculated money-values, (click) and that all required information is included per S.2.6. in Section 3.40. 
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7. Test Notes

7.2.2. After Each Test 
Review recorded representations (printed or electronic*) for: 

v. For EVSE that assess fees for time services separate from 
fees for the sale of electrical energy (by the kWh), 
duplicate receipts are permissible

The word “duplicate” or “copy” is included on the 
receipt. 5.55:  S.1.4.1.

*The customer may be given the option to choose the form of the receipt.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
For EVSE’s that assess fees for time-related service, a duplicate receipt can be issued if the word “duplicate” or “copy” are included.
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7. Test Notes

7.2.2. After Each Test 
b. Verify, after a delivery is completed, that the 

quantity and total price are displayed for at least 
15 seconds.

Code Reference:  3.40:  S.1.2.
c. Record the totalizer value
Code Reference:  3.40:  S.7.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
Confirm that the quantity and total price are displayed for at least 15 seconds after delivery of fuel is complete and don’t forget to record the totalizer value.  
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7. Test Notes

7.4. Confirm Results.
Code Reference:  1.10:  G-S.5.4., 3.40:  N.3., N.4., T.3. 
Repeat tests when results are at, near, or exceeding the 
applicable tolerance limit.
If necessary, conduct a “Repeatability Test” as described 
under the “Test” section of this EPO.

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes
If any results are at, near, or exceed the applicable tolerance limit, repeat those tests.  If additional test are also at, near, or in excess of the applicable tolerance limit, a repeatability test should be conducted. This is to confirm the results and to help ensure you did not inadvertently introduce error into the test process. 
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7. Test Notes

7.5. Display of Quantity and Total Price After Delivery. 
Code Reference:  3.40:  S.1.2., S.1.2.1.

Electrical energy sold shall be clearly identified 
and separate from other time-based fees 
indicated by the EVSE.  

Physical Measurement Laboratory
Office of Weights and Measures
National Legal Metrology Program

Presenter Notes
Presentation Notes





207

EPO 30-Retail Electric Vehicle Fueling Systems
7. Test Notes

7.5. Display of Quantity and Total Price After 
Delivery. 
Code Reference:  3.40:  S.1.2., S.1.2.1.
A system with a single indicating element for two 
or more EVSEs shall provide a means to indicate 
clearly which EVSE is associated with the 
displayed information. 
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7. Test Notes

7.6. Use of Adjustments.
Code Reference:  1.10:  G-UR.4.1., G-UR.4.2., G-
UR.4.3.
Equipment is properly maintained, errors are not 
predominantly in favor of the device owner or operator, 
and adjustments are made to bring performance errors 
as close to zero value as possible.
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8. Test

8.1. Accuracy Test.
Code Reference:  1.10: G-UR.3., 3.40: S.5.2., UR.2.
For this and subsequent tests, verify that 
conditions of use do not exceed marked or 
manufacturer-specified limitations.

Physical Measurement Laboratory
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8. Test

8.1. Accuracy Test.
Code Reference:  1.10: G-UR.3., 3.40: S.5.2., UR.2.
Communication between the EVSE and the test 
standard equipment determines the MDA 
available from the EVSE at the time of the test.
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8. Test

8.1. Accuracy Test.
8.1.1. At the beginning of the first delivery, start with 
an initial zero condition.
Code Reference:  3.40: S.2.1., S.2.7*., UR.3.2.

*DC EVSE exempt until 1/1/2028 if placed in service prior to 1/1/2025
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.1. Accuracy Test.
8.1.2. If the result of the first test is at or near the 
tolerance limit, repeat this test.
Code Reference:  1.10: G-S.5.4., 3.40: N.2., N.4., T.3.

If necessary, conduct a Repeatability Test.
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8. Test

8.1. Accuracy Test.
8.1.3. General, Test Notes, and Load Test Tolerances.
Code Reference:  1.10: G-A.3., 3.40: N.1., N.3.*, T.1., 
T.2. T.2.1. T.2.2.*

*DC EVSE exempt until 1/1/2028 if placed in service prior to 1/1/2025
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(1) Connect the EVSE to the test standard.
(2) Verify the EVSE and test standard are 

communicating properly.
(3) Determine the MDA from the EVSE.
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(4) For AC EVSEs set the test load to a value at a 

current level between 4 A and 10 A.  
For DC EVSEs set the test load to a current level 
between 10 % and 20 % of the MDA, but not less 
than 30 A.*

*DC EVSE exempt until 1/1/2028 if placed in service prior to 1/1/2025
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(5) Start energy measurement on the test standard.
(6) Start a charging transaction on the EVSE.
(7) The EVSE will cycle through various charging levels 

to achieve an active charging status.
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(8) Continue the measurement for an accumulated 

energy of not less than the MMQ.
(9) The EVSE will cycle through various charging levels to 

return to an inactive charging status.
(10) Verify that the transaction on the EVSE has 

completed.
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(11) Record the energy delivered as displayed on the 

EVSE.
(12) Record the price per kWh.
(13) Record the total price of the transaction.
(14) Record the energy delivered as displayed on the test 

standard.
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(15) Verify the resulting energy indications and recorded 

representations are within applicable tolerances and 
meet requirements for agreement of indications.

Code Reference:  1.10: G-S.5.2.2., 3.40: S.2.4.4.
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8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(16) Calculate the energy measurement error as follows:

% Energy Error =
EVSE Indicated Energy − Test Standard Indicated Energy

Test Standard Indicated Energy
 x 100
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EPO 30-Retail Electric Vehicle Fueling Systems
For example, if an EVSE indicates 0.5141 kWh and the test 
standard registers 0.5037 kWh, the error is calculated as shown 
here:

% Energy Error = 0.5141 kWh−0.5037 kWh
0.5037 kWh

 x 100

% Energy Error = 0.0104 kWh
0.5037 kWh

 x 100

Physical Measurement Laboratory
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.1. Accuracy Test.
8.1.4. Light Load Test.
(17) Based on the unit price(s) [fixed or variable] per 

kWh, calculate and record the itemized and total 
computed price for the transaction.

(18) Calculate the total sales price as follows:
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ∗ 

*rounded to the nearest $0.01
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EPO 30-Retail Electric Vehicle Fueling Systems

For example, if the EVSE indicated 0.5141 kWh of 
energy and the unit price of the energy was 
$0.39/kWh the total price is calculated as follows:
0.5141 𝑘𝑘𝑘𝑘𝑘 × $0.39/𝑘𝑘𝑘𝑘𝑘 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

$0.9041 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
$0.90 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.1.5. Midrange Load Test (Only required on AC Systems)
Repeat the steps specified for the Light Load Test, with 
the exception of step 4.
(4) For AC EVSEs, set the test load to a value at a current 

level between 40 % and 60 % of the MDA.
For DC EVSEs set the test load to a current level 
between 25 % and 100 % of the MDA.
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EPO 30-Retail Electric Vehicle Fueling Systems
8.1.6. Full Load Test
Repeat the steps specified for the Light and Midrange Load Tests, 
with the exception of step 4.
(4) For AC EVSEs, set the test load to a value at a current level 

between 70 % and 100 % of the MDA. 
For DC EVSEs set the test load to a current level between 25 % 
and 100 %* of the MDA.**

*If a Midrange Load Test (MLT) was conducted, set the value of the current 
level to a value greater than that verified during the MLT.
**DC EVSE exempt until 1/1/2028 if placed in service prior to 1/1/2025
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.2. Time Test/8.3. Interference Test.
Code Reference:  5.55: N.1., N.2., N.3., T.1.3., 
Table T.1.3.
If the EVSE assesses charges for time-based services in 
addition to those charged for electrical energy, 
conduct a time/interference test representative of a 
typical transaction where the EVSE is metering time.
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EPO 30-Retail Electric Vehicle Fueling Systems
8.2. Time Test/8.3. Interference Test. (con’t)
Code Reference:  5.55: N.1., N.2., N.3., T.1.3., 
Table T.1.3.
• Establish the time interval for the test based on the rate 

structure applied by the EVSE.
• Activate the EVSE and at the end of the test interval 

record the time registration error.
If the result of this test is at, near, or exceeds the tolerance 
limit, repeat the test.
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.2. Time Test/8.3. Interference Test. (con’t)
Code Reference:  3.40: S.1.1., S.2.6., UR.3.3.,  5.55: 
S.1.4.1., S.1.4.1.1., S.1.4.2., S.3.

Determine if the rate calculations displayed and on the recorded 
representation (where applicable) are in agreement, accurate and 
mathematically correct.
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EPO 30-Retail Electric Vehicle Fueling Systems
8.2. Time Test/8.3. Interference Test

Presenter Notes
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Going back to this example. This device doesn’t assess time-related fees, in this case parking, for the first 30 minutes of the charging session.  How should the time element be tested?  What about the interference test?
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.4. Repeatability Test.
Code Reference:  3.40: N.4., T.3.
If necessary, conduct a repeatability test. A 
repeatability test must include at least three 
consecutive test loads. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.4. Repeatability Test. (con’t)
Code Reference:  3.40: N.4., T.3.
Tests must be conducted under approximately the 
same conditions (e.g., rate of energy transfer, test 
duration, draft size, temperature, etc.).
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.5. Money-Value Computations and Recorded 
Representations.
Code Reference:  1.10: G-S-5.2.2., G-S.5.5., 3.40: S.2.5.1., 
S.2.4.3. 

Verify indicated and recorded money-value 
computations agree and mathematically correct for 
fixed price sales transactions and, when offered, for a 
selectable variable pricing sales transaction. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.6. RFI Test.
Code Reference:  1.10: G-N.2., G-UR.1.2., G-
UR.3.2., G-UR.4.2.
A system shall meet performance requirements 
when associated and nonassociated equipment is 
operated in a customary manner and location. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8.6. RFI Test. (con’t)
Code Reference:  1.10: G-N.2., G-UR.1.2., G-
UR.3.2., G-UR.4.2.
This testing is typically done during the inspection of a 
new installation. It is conducted subsequently only if a 
problem is suspected. 
This would include potential sources of interference, such 
as, but not limited to, Radio Frequency Interference (RFI)
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.7. Zero-Set-Back Interlock.
Code Reference:  3.40: S.2.1., S.2.2., 5.55: S.5.

8.7.1. Check the effectiveness of the zero-
setback interlock.
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.7. Zero-Set-Back Interlock. (con’t)
Code Reference:  3.40: S.2.1., S.2.2., 5.55: S.5.

8.7.2. On equipment activated with a single 
remote controller, activate one EVSE and check all 
others operated by the same controller to make 
certain they will not operate without activating 
the individual EVSE starting mechanism.
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test.
Code Reference:   3.40: S.2.3., S.2.3.1, S.2.3.2., 
S.2.6., S.3.4.

8.8.1. At the time of power loss, the transaction 
shall either:
(1) terminate; or
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
8.8.1. At the time of the power loss, the 
transaction shall either:
(2) continue without additional authorization 
after restoration of power if the EVSE is able to 
determine it is connected to the same vehicle 
before and after the power outage. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
(2)…In this case, the information needed to 
complete the transaction in progress at the time 
of the power loss shall be available at the EVSE, 
console, internet, or toll-free phone access. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
(2)…There must also be a clear indication on the receipt 
provided to the customer of the interruption, including:
• the date and time of the interruption;
• other information required by S.2.6. EVSE 

Recorded Representations.
Code Reference:   3.40: S.2.3.3.
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
8.8.2. The EVSE memory, or equipment on the 
network supporting the EVSE, shall retain 
information on the quantity of fuel dispensed and 
the sales price totals during power loss.
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
It is not typically necessary, nor is it recommended 
to repeat this test for every inspection; however, 
this does not preclude the test from being 
conducted when deemed necessary by the 
regulatory authority or service person to ensure 
continued compliance with this requirement. 
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EPO 30-Retail Electric Vehicle Fueling Systems
8. Test

8.8. Power Loss Test. (con’t)
As a minimum, this test should be conducted on a 
system or device put into service or in response to 
specific complaints. NIST recommends that, prior 
to conducting this test, you check with your 
supervisor to verify your jurisdiction’s or 
organization’s policy regarding this test. 
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.1. Security Means.
Code Reference:   1.10:  G-S.8. (1/1/90), G 
S.8.1. (1/1/10), G-S.8.2., G-S.9., 3.40:  S.3.3. 
Table S.3.3., 5.55:  S.4.
Verify proper sealing of the device (physical 
seal, event counters, or event logs)
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.1. Security Means, con’t.
Code Reference:   1.10:  G-S.8. (1/1/90), G S.8.1. 
(1/1/10), G-S.8.2., G-S.9., 3.40:  S.3.3. Table S.3.3., 5.55:  
S.4.
For multiple measuring elements with a single provision 
for sealing, a change to the adjustment of any 
measuring element must be individually identified.
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.1. Security Means, con’t.
Code Reference: 1.10:  G-S.8. (1/1/90), G S.8.1. (1/1/10), 
G-S.8.2., G-S.9., 3.40:  S.3.3. Table S.3.3., 5.55:  S.4.
A metrologically-significant software change is a 
sealable event.
Note event counter information on the test report form 
for future reference.
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.1. Security Means, con’t.
Code Reference: 1.10:  G-S.8. (1/1/90), G S.8.1. (1/1/10), 
G-S.8.2., G-S.9., 3.40:  S.3.3. Table S.3.3., 5.55:  S.4.
If equipped with an event logger, obtain a copy of the 
event log for future reference. 
Examine these records for any signs of misuse of 
adjustments.
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.2. Record Total Quantity. 
Code Reference:  1.10:  G-UR.4.1., G-UR.4.2., 
3.40:  S.7.
Note the final totalizer reading and record the total quantity 
of electricity dispensed and (where time-based fees are also 
assessed) the total time during the test on the official test 
report.  Verify totalizers are working correctly.
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.3. Review/Analyze Results. 
Code Reference:   1.10:  G-UR.4.1., G-UR.4.3.
After all equipment at a location has been 
tested, review the results to determine 
compliance with requirements for equipment 
maintenance and use of adjustments.
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EPO 30-Retail Electric Vehicle Fueling Systems
9. Post-Test Tasks

9.4. Record Compliance Action and Explain 
Results.
Record the compliance action and 
disposition of the device on the report and 
explain the results to the device owner.
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Supporting Slides
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NIST HB44: Test Conditions
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EPO 30 Safety Reminders and Guidelines
• EPO 30 Section 2. Safety Notes.
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EPO 30 Safety Reminders and Guidelines
• EPO 30 Section 6.7. Test Methods.
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EPO 30 Safety Reminders and Guidelines
• EPO 30 Section 7.6. Use of Adjustments.  (Just before Section 8. Test.)
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