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Data explosion in energy sector

- Advanced Metering
Infrastructure, smaurt
thermostats, smart
appliances, electric
vehicles

- Linked to other time and
location-specific
iInformation (temperature,
census, satellite)

- Provide vast, constantly
growing streams of rich
data
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Are all residential customers the same?

Normalized Load
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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Customer Load Peaks Occur
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% All Cust. Days

Normalized Load

Group Load Shapes Based on When and How Many
Customer Load Peaks Occur
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% All Cust. Days

Group Load Shapes Based on When and How Many
Customer Load Peaks Occur
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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% All Cust. Days

Group Load Shapes Based on When and How Many
Customer Load Peaks Occur
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Group Load Shapes Based on When and How Many

Customer Load Peaks Occur
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Analyze Load Shapes to Better Understand Customer
Experience with Existing Rate or Program Offerings

CPR
Program

AC DLC

Program

=Y
Charging
Program

14



Analyze Load Shapes to Better Understand Customer
Experience with Existing Rate or Program Offerings

EV
Charging

Program

"
AC DLC Tou W,
Program Rate rition
g

CPR
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Load Shape Analysis
TOU Enrollment vs. Response

kWh Savings (per household hourly savings during peak hours on

event days)
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Do Customers Who are More Likely to Enroll Also

Provide Greater Load Response?

kWh Savings (per household hourly savings during peak hours on

event days)
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Do Customers Who are More Likely to Enroll Also
Provide Greater Load Response?
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Are Structural Winners the Most Likely to Enroll but the
Least Likely to Provide a Sizable Load Response?

kWh Savings (per household hourly savings during peak hours on

event days)
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Are Structural Winners the Most Likely to Enroll but the
Least Likely to Provide a Sizable Load Response?
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Who are the Customers Most Likely to Enroll but the
Least Likely to Provide a Sizable Load Response?

kWh Savings (per household hourly savings during peak hours on

event days)

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

o
R
o
10% 15% 20% 25%
Enrollment probability
21
ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DivISION ELECTRICITY MARKETS & PoLicy



Who are the Customers Most Likely to Enroll but the
Least Likely to Provide a Sizable Load Response?
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Develop Customer Supply Curves for Marketing New or
Existing Rate Offerings
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Which Customers are Most Cost Effective to Pursue?
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Which Customers are Most Cost Effective to Pursue?
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limited flexibility who
don’t enroll that much;
those who do are some
of the best performers
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Which Customers are Least Cost Effective to Pursue?
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Which Customers are Least Cost Effective to Pursue?

$1.20

Households with limited
flexibility who enroll a lot but
don’t perform all that well
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A number of factors and trends are motivating

new or modified rate designs

Utilities are deploying advanced metering infrastructure
(AMI)

Distributed energy resource (DER) cost declines and
technological innovations

Adverse affects from net energy metering (NEM)

Concerns about utility fixed cost recovery and revenue
sufficiency

Desire for fair and equitable access and impacts of
different rate designs and offerings

Variable renewable energy (VRE) integration issues (e.g.,
over-generation and net load shape impacts)

M.
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Retall rates are desighed based on two broad concepts

Recover a utility’s Satisfy certain
costs (i.e., policy and/or
revenue market objectives
requirement), that can vary
apply sound based on a
ratemaking state’s distinct
principles; and rules, regulations,
are considered and policies, as
just and well as different
reasonable stakeholder

motivations
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Five policy-driven objectives used as the basis for EV
retail rate design

n Promote EV adoption

Satisfy certain
policy and/or
market objectives
that can vary

based on a System economic
state’s distinct efficiency
rules, regulations,
and policies, as
well as different
stakeholder
motivations

A4

T
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EV rate design typically comprised of five (5) different
components

Metering

Configurations

Charging Temporal

Controls Differentiation

EV Rate
Design

/ \

Locational
Differentiation

Demand
Charges
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| M i’é”a ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ELECTRICITY MARKETS & PoLicy



Metering Configurations

oo o

Whole home/facility consumption
via account meter

€ h pgPITR

EV charging consumption Submetering via EVSE or vehicle
via account meter
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Temporal Differentiation

Average Winter Day
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Sub-hourly Differentiation

123456 7 8 9101112131415161718192021222324

August Day ‘_1_\

Average Summer Day

123 456 7 8 9101112131415161718192021222324

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
Seasonal Differentiation Hourly and Period Differentiation

= | Z
!ﬁh 2= uNS ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ELECTRICITY MARKETS & PoLicy

Note that figures
show temporal
differentiation in
load but there is
also temporal
differentiation in
system costs
and emissions
that could be
used as the
design basis
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Locational Differentiation

Bulk power system % .

Distribution system

Site-specific

=
| P
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Demand Charges

v'Max demand period
v'Demand ratchet
v'Seasonal

v'Coincident vs. Non-
coincident peak




Charging Controls

EV Supply

Utility system Account meter Equipment Electric Vehicle
(EVSE)

B <o

[
O

1
!

One-way communication

Two-way communication

Utility control via account meter or EVSE Customer control via EVSE

—— Rl I 36
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Promoting EV adoption will [imit rate design choices In
terms of cost and simplicity

Rate Metering Temporal Locational Demand Charging
Objectives Configurations  Differentiation Differentiation Charges Controls
Promote EV Whole

Seasonal Bulk power
system

home/facility
consumption

adoption

Account meter

Customer control
via EVSE
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EV grid management rates communicate power system
conditions either via price or load signals

Rate Metering Temporal Locational Demand Charging
Objectives Configurations  Differentiation Differentiation Charges Controls

Max demand Two-way

Bulk power period communication
system

Demand ratchet
Period

Grid
management EV charging
consumption

Distribution

nal
system Seasona

Utility direct
control via EVSE
Coincident peak

Customer control
via EVSE

Submetering via
EVSE or vehicle

Sub-hourly Non-coincident
peak
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Economic efficiency communicate marginal syste
costs to encourage charging that minimizes costs

Rate Metering Temporal Locational Demand
Objectives Configurations  Differentiation Differentiation Charges

Max demand

Bulk power period
system

Demand ratchet
EV charging
consumption
System economic Distribution

efficiency system Seasonal

Coincident peak

Submetering via

EVSE or vehicle Sub-hourly Non-coincident

peak

A
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Im

Charging
Controls

One-way

communication

Customer control
via EVSE
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Decarbonization rates communicate marginal emissions
rates with differentiation consistent with them

Rate Metering Temporal Locational Demand Charging
Objectives Configurations  Differentiation Differentiation Charges Controls

Two-way
communication
Demand ratchet
EV charging :
consumption Felfiog
Distribution

system Seasonal
Utility direct
control via EVSE
Decarbonization Coincident peak

Submetering via Site-specific o
EVSE or vehicle Sub-hourly Non-coincident

peak

Max demand
Bulk power period

system
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Equitable EV deployment rates are based on choices that
limit iIncremental costs

Rate
Objectives

Metering Temporal Locational Demand Charging

Configurations  Differentiation Differentiation Charges Controls

Whole
home/facility Seasonal
consumption

Account meter

Customer control
via EVSE
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Observations: Regulatory and Rate Activity

Residential Rates

o Motivation: The overwhelming majority of rate
activity (>85%) is focused on Grid Management

o Temporal-Differentiation: “Vanilla® TOU rates are
the dominant rate structure (>90% residential; >80%
commercial)

7 Demand Charges: Over 20 states are examining
demand charge alternatives for public and DCFC,
particularly at lower load factors

- Metering Configurations: There is an increasing
attention given to telematics, submetering and
requiring separate meters

42
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Utilities perceive uncertainty among top barriers to
Implementing EV managed charging programs

Figure 10. Barriers to Implementing a Managed EV Charging Program

60%

Uncertainty Around EV Customer Participation
Limited Info on Program Design

Uncertainty Around the

Availability of EVs to Manage

Other

Lack of Staffing Resources to Develop a Program

Regulatory and Policy Limitations

Limited Managed Charging
Equipment Vendor Options

Lack of Internal Utility Support 6%
to Develop a Program

T T T T T 1
0 10% 20% 30% 40% 50% 60%
N=48. Note: Utilities selected all that applied.

Source: SEPA, 2021
Available at: https://sepapower.org/resource/the-state-of-managed-charging-in-2021/
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How can utilities be more effective?

Use data analytics
to more effectively
de-risk
opportunities to
ensure more
equitable access
to the benefits
they could provide

Use data analytics

via pilots to more

effectively test out
viability of new

Use data analytics
to more cost-
effectively target

market, educate,
and inform
customers of
opportunities

rate designs and
more concretely
assess ways to

overcome barriers

S "y 44
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Questions/Comments

Peter Cappers
+1 (315) 637-0513
PACappers@Ibl.gov
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BERKELEY LAB

Appended slides on customer response to EV retail rates
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Do customers respond to EV rates?

Reviewed eleven (11) evaluation reports of EV rate offerings published
between 2013-2020

Most evaluation reports were outcomes of short-term (6 months — 2 years)
pilots; very few system-wide roll outs were evaluated

Pilots were evenly split between having whole house vs. EV-only metering

Most pilots had at least a 2:1 peak-to-off peak price ratio and a small number
had 4:1 or greater price ratio

Peak to Off-Peak Price
Ratio
D
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Properly designed rates can be an effective tool
for managing EV charging behavior

Figure 11: Residential Station Usage, Oct 2019 - Apr 2020
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Figure 4-2
Average weekly load shape (kW] for PIV-Green Customers

Source: Dunckley, J. (2016) Pepco Demand Management
Pilot for Plug-in Vehicle Charging in Maryland: Final Report -
Results, Insights, and Customer Metrics. Electric Power
Research Institute, Palo Alto, CA. May. 3002008798.
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The higher the price ratio, the more off-peak
charging Is pursued

Tests of Pairwise Differences in Percentage Charging Shares Between Rate ‘ Rate Summer
Day Type Charging Share EPEVL-EPEVM EPEVL-EPEVH EPEVM - EPEVH Oﬁerlng Price Ratio

Weekda % Peak 1.8 3.08 1.29
Y % Super Off-Peak -4.16 -6.04 -1.87 EPEV-H “
% Peak 2.33 3.25 0.92
Weekend o ca
% Super Off-Peak -4.06 -6.62 -2.55

Significant @ 1%
Significant @ 5%
Not Significant @ 5%

Source: Cook, J., Churchill, C. and George, S. (2014) Final Evaluation for San Diego Gas & Electric’s Plug-in Electric Vehicle
Tou Pricing and Technology Study. Nexant Inc. Prepared for San Diego Gas & Electric.

Values in the table represent differences in the share of charging load for
customers on different rates

Comparing customers on lowest price ratio (EPEV-L) and customers on
highest price ratio (EPEV-H) shows lowest price ratio customers had larger
share of peak period consumption but highest price ratio customers had larger
share of super off-peak consumption
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The higher the price ratio, the quicker customers
learn to shift charging to the off-peak period

90
|

Avg. % charging super off-peak
80

70
|

Weekday

I I I I
12 18 24 30
Months in study

—e— EPEV-H —e&— EPEV-M
EPEV-L

Source: Cook, J., Churchill, C. Rate Summer
and George, S. (2014) Final Oﬂ:ering Price RatiO

Evaluation for San Diego Gas &

Electric’s Plug-in Electric Vehicle
Tou Pricing and Technology EPEV-H “

Study. Nexant Inc. Prepared for

San Diego Gas & Electric.

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ELECTRICITY MARKETS & PoLicy

o Figure depicts the monthly share of
charging that occurred as a function of
the number of months after a customer
started in the study

- Customers on EPEV-H (highest price
ratio) exhibited consistent charging
behavior through the entire duration of
the study

o Customers on EPEV-L and EPEV-M
Increased charging consumption in
super off-peak period by 1.8%-2.9%
per month for the first four months, but
remained relatively stable thereafter
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Customers are more responsive to changes in the peak
or off-peak prices, but less so super off-peak

Charging timers likely made it easier

for customers to charge in the Peak to Super Peak to Off-Peak
overnight super off-peak hours (12- OUAAEER (i e
Summer  EPEV-L 1.9 1.6
SAM) EPEV-M 4.0 1.6
: A EPEV-H 6.0 2.6
Custo.mer schedules likely limited long " s i
charging events to the off-peak (5AM- EPEV-M 2.9 1.4
12PM and 8PM-12AM) or especially FPEV-H 6 =
. Sgurce: Cook, J., q:r]urchill, 'C. and Qeorgg, S. (2014). Einal Evaluation for San
the super off-peak period e e o e and Tecnowy Sy

Customers also did not seem to
differentiate much between the on-
peak and off-peak period in their EV
charging decisions
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Customers who owned a PV system are significantly less
responsive to prices than their non-PV counterparts

. o 71 PV owners exhibit more consistent
Customers Who Never Have PV During Study PV Customers ShareS Of Charglng by perIOd across
the three rates relative to non-PV
owners
Peak

Ot peak o Selling PV electricity back to the grid
- et may be valued more highly by
EPEV-L I EPEV-M | EPEV-H EPEV-L | EPEV-M | EPEV-H CUStomerS than USing it to Charge
7 Rat;a 7 7 Rat;e 7 the”‘ EV

Source: Cook, J., Churchill, C. and George, S. (2014) Final Evaluation for San Diego Gas & [ PV owners may have Certain

San Diego Gas & Elette, |0 e echolegy St exantine, Frepared for characteristics that cause them to
place an even higher premium on
charging overnight regardless of the

prices they face
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