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EV Load Shape Development for Electric
Utility Planning

Background. Foundational information on the different EV types, their range characteristics, and
important aspects of the charging infrastructure.

Load Profiles for Planning. This section begins explaining why EVs are becoming increasingly important to
utilities and commissions. For utilities, EVs can be viewed as both a blessing — by providing increased load
growth —and a curse —if that load growth occurs at the wrong time during the day or at the wrong pointin
the distribution system.

Load Shape Observations. This section highlights decisions that must be made when utilities embark on
efforts to collect EV charging load shapes, including what customer characteristics and charging behavior
considerations are crucial for structuring a study, and what steps to take in that effort.

Drivers of EVs in the Future. The paper concludes with a series of possible research questions and analysis
methods to consider during project design.
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Brief Electric Utility History

Utility granted exclusive service franchise

In the beginning, Samuel Insull created the territory
regulatory compact.

Utility has obligation to provide reliable service

\g
0’0

Intra-state prices are regulated by state agency
while inter-state prices are regulated by FERC

Regulatory Compact: Mutual rights, obligations and
benefits forming a relational contract between
utility and customers.

Opportunity to earn a fair return on capital
investments
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Program Evolution Timeline

9 Customer Driven Transition (In Progress)

€ Golden Age (1940-1970) .

Grid infrastructure modernization

v' Growth in renewables and distributed energy
v' Constant growth in sales, v’ Sales growth rebounds (sort of) resources

Solid earnings v Input prices stabilize v Decentralized and increasingly competitive
v" Economies of scale _ system
v" Economies of scale eroded ' o
v’ Stable input prices v' Proactive consumers switching between

being loads and source

0 Introduction of Competition (1994-2005)

v’ Sales growth slows v Integrated resource planning and the “level playing

v Unstable input prices field”...and a nuclear powerplant in a suitcase

J e, . - -
Y Interest rates soar Competition in generation

(cost of capital)

<

Develop programs that overcome market barriers and
allow utilities to increase earnings
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EV Prospects

2019

+ >325,000 light-duty
BEV/PHEV sales in U.S.

+ >60 light-duty EV
models worldwide
(doubled from 2016)

2025 2030

* EV chargers will add
1 GW of peak
demand in California
alone (pe;r CEC)

« Average EV battery
size will double from
2020 average

2023
« Continued growth in
quantity/diversity of
passenger EV models
+ Widely available
electric delivery and
long-haul trucks

» Worldwide energy
demand will peak in
the transportation
sector

Source: DNV GL, 2020
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2035
« Half of global on-
road passenger and
commercial vehicles
will be electric

© 2020 Electric Power Research Institute, Inc. All rights reserved.

2050

+ EV charging will increase
U.S. electricity use by 20-
38% (per DOE)

« Commercial EVs will
exceed commercial ICE
vehicles on global

roadways

4

2042
* BEVs will exceed
75% of total
annual passenger
vehicle sales in
North America
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Output Formatting for Electric Utility Planning

Number
Season Day Type | of Days | HE1 | HE2 | HE3 | HE4 | HE5 | HE6 | HE7 | HE8 | HE9 |HE10|HE11|HE12 [HE13 |HE14 |HE15 [HE16 |HE17 (HE18 [HE19 |HE20 [HE21|HE22 |HE23 [HE24

Peak Day 1211.23/0.79 {033 |0.21|0.12 | 0.08 [ 0.08 | 0.07 [ 0.09 [ 0.11 [0.16 | 0.25]0.33 | 0.33 | 0.35 | 0.38 | 0.43 | 0.59 | 0.86 | 0.83 [ 0.80 [ 0.62 | 0.62 | 0.56
Summer Weekday 771128 |081]037|0.21]0.11|0.07|0.07|0.06 |0.09 (012 |0.18 [0.250.35 |0.35|0.37|0.38 | 0.46 | 0.69 | 0.93 | 0.93 | 0.92 [ 0.75 | 0.67 | 0.64
Weekend 34 (109079036021 |0.11]0.070.06 |0.04 | 0.04 |0.11 | 0.15|0.28 [ 0.44 | 0.46 | 0.48 [ 0.49 [0.51 | 0.57 | 0.59 | 0.50 | 0.46 | 0.37 | 0.38 | 0.39

Peak Day 41098 |0.74{041]032|0.22 |0.17 018 | 0.11 {0.14 [ 0.20 [0.23 | 0.29 | 0.37 | 0.46 | 0.53 | 0.52 | 0.53 | 0.69 | 0.82 | 0.85 | 0.92 [ 0.77 | 0.71 | 0.62
Winter Weekday 80 [1.06 {0.82 (043030 (0.20|0.140.14|0.12 | 0.16 | 0.17 | 0.20 | 0.27 [ 0.34 [ 0.43 | 0.45 [ 0.45 [0.51 | 0.69 | 0.89 | 1.01 | 1.08 | 0.91 | 0.81 | 0.71
Weekend 371092 081|044 (0.30{0.20|0.14 {0.12 | 0.08 | 0.08 [ 0.16 | 0.18 [ 0.30 | 0.44 | 0.57 { 0.60 | 0.59 [0.58 | 0.58 | 0.58 [ 0.55 | 0.54 | 0.46 | 0.47 | 0.44

Weekday 8511.27(0.80(0.39(0.24 [0.14|0.10] 0.09 | 0.06 | 0.09 [ 0.13 [ 0.21 { 0.26 | 0.32 | 0.35 ] 0.37 | 0.41 | 0.49 | 0.66 [ 0.89 [ 0.92 | 0.96 | 0.86 | 0.78 | 0.68

SpFall

P Weekend 371111(0.79|0.40 ( 0.24 1 0.14 | 0.10 | 0.06 | 0.04 | 0.05 [ 0.12 | 0.18 | 0.28 | 0.41 | 0.46 | 0.48 | 0.53 | 0.54 | 0.55 | 0.58 | 0.49 | 0.49 | 0.44 | 0.45 | 0.42
Totals 366| Sample Size (n=18)

Notes (for this table):

Customers were under the standard (non-TOU) residential rate

Summer is defined as May 16 through September 15

Winter is defined as November 16 through March 15

Spring/Fall is defined as September 16 through November 15 and March 16 through May 15

Summer Peak days are defined as summer days whose peak hour falls within five percent of annual system peak (number may vary
from year to year but a minimum of one day)

Winter Peak days are defined as winter days whose peak hours fall within five percent of the annual system peak (number may vary
from year to year but a minimum of one day)

Weekends include holidays of New Years, Presidents, Memorial, Independence, Labor, Columbus, Thanksgiving and Christmas
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EV Load Shape Comparison
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Load Shape Observations

Summer peak day loads are lower than average weekday loads
Since summer peaks are driven by temperature — EV loads appear to be less volatile than other loads such as a/c

Winter peak day loads are lower than average weekday loads
Winter peak days loads are higher than summer peak day loads

Summer Average weekday loads look similar to Spr/Fall Loads
Surprising little load sensitivity of EV loads to weather, except on winter peak days

EV’s are flexible loads that could benefit from TOU pricing and flexible DR
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Data Collection Domains

EV Data Elements. The study purpose must dictate the data to be captured, but
analysts should consider the following attributes:

Make, model, and model year of vehicle;

Categorization of vehicle, 1.e., PHEV, SR BEV, or LR BEV;

Home charger voltage, i.e., Level 1, Level 2, DCFC;

Whole house energy interval data;

Charger energy interval data;

The amount of time the vehicle is charging, i.e., plugged in and/or charging,
Frequently used charging location(s),

Miles driven (weekly, monthly, annual, shortest trip, and longest trip),

Geography, particularly the terrain characteristics, i.e., flat, hilly,
mountainous

Outdoor ambient temperatures

www.epri.com © 2020 Electric Power Research Institute, Inc. All rights reserved
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The Quest for Decarbonization: How to Get There?

Jan 1, 2020: City of Berkeley stops issuing building permits for new construction that contains
natural gas hookups.

*Many other municipalities are following suit

States advancing or prohibiting
w building gas bans and electrification codes

o

Some exceptions: cooking ranges

Is it cost effective?

P

Unintended consequences? m; b

e B Passad or introduced statewide prohibition against local
S&P Global

measures to block access to utility service based on fuel
Market Intelligence type, including gas bans.
As of May 28, 2020. e o :
Map credit: Elizabeth Thomas - Loc_:aldbunfilng ga?; bans and electrification codes adopted
Source: SEP Global Market Intelligance el
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Underlying Market Forces & Insights

By 2030, renewables will be the cheapest source of energy in most
countries

Renewables are:
— Intermittent, requiring demand to follow supply
— Distributed, making power flows bi-directional

Managing this requires smart grids and distribution systems
operators (DSQO’s).

DSO’s need local supply/demand matching to best serve network
assets. Requires local energy trading and balancing groups.
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Underlying Market Forces & Insights (Continued)

Imbalance and load following will be the primary service (ancillary) provided by incumbent utilities
— Imbalance can be better managed through improved day ahead load forecasting

— Better shifting of load through DR or storage
— More diversification of demand

Decarbonization and particularly electric vehicles will provide a new source of load growth
unseen in the past.

The degree of competition within each utility activity will determine its future competitive position:
Network (T&D) operators will likely continue to be regulated
Commodity providers (G) will become more competitive and provide aggregation services, risk management and

acquisition services
Product design will be driven by the need to overcome market barriers most likely by third parties (CA)
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Questions?
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Together...Shaping the Future of Electricity
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