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EVI-X Modeling Suite




Leaders Rely on EVI-X

Secretary Granho... §

* Access to reliable electric vehicle charging infrastructure .
is the key to decarbonizing transportation. * 33}
* Our nation’s leaders look to NREL for insights on strategic el

infrastructure deployment.

 The EVI-X modeling suite is the definitive software for
forward-looking charging infrastructure analysis in the U.S.

\g
Michael Berube k

Recent Public Policy Relying on EVI-X

ErieWood, NR...
Bipartisan Infrastructure Law

S7.5B investment in EV charging

f o £l
° ° ° ° ° | ) ‘. ) »

California’s Electric Vehicle Infrastructure Project /

$1.4B investment in EV charging Matteo Muratori

EPA MY2027 and later vehicle GHG regulations
Projected to induce light-duty EV sales of at least 50% by 2030

r /
| Secretary Pete Bu... R



EVI-X: Modeling Tools for Forward Looking Analysis

Electric Vehicle Charging Infrastructure Analysis _— , ,
Lite Version Available Online

NREL's EVI-X Modeling Suite

Network Planning Tools

Site Design Tools

How many ports are needed in my . Ji
area? What kind? Where? Q What is the optimal configuration for my
Q Q EI site? What is the expected load profile?
¢ . Would | benefit from storage?
Network Planning Site Design
4 - 4 N 7 ™
EVI-Pro EVI-OnDemand EVI-Ratio EVI-InMotion
Charging infrastructure projection Charging infrastructure demand Planning the ratio and type of Dynamic and quasi-dynamic
based on typical daily travel modeling for ride-hailing services chargers to vehicles in a fleet charging infrastructure design
AN J - AN J
4 ) N 4 N\ N\
EVI-RoadTrip EVI-Equity EVI-EnSite HEVII
Charging infrastructure analysis Charging infrastructure accessibility Charging infrastructure energy Multi-fidelity telematics-enabled
for long-distance travel from environmental-justice estimation and site optimization vehicle and infrastructure design
\ /| perspective \ / J
( --- \ / ( \
NEVI U-Finder EVI-EDGES
Charging infrastructure Techno-economic evaluation of
networking data behind-the-meter storage
- J - J
Fi nan Cia I $ EVI- FAST EVI- LOCATE These financial analysis tools
A I . / Charging infrastructure financial Charging station installation design fgg,’snézgcge with any of the
na ySIS analysis (free to download) analysis and cost estimation

Financial Analysis Tools

i ? i . .
DUEIECIIS 15 (e Ca I S sl https://www.nrel.gov/transportation/evi-x.html
be reduced? NREL | 5
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EVI-X: Network Planning

EVI-Pro is a simulation model that:
— Models daily charging demands for EVs

—  Designs supply of infrastructure to meet demand

Models EV driver charging behaviors for a given set of assumptions
around EVSE access and charging preferences.

ZINREL

A
M o2 T e

Californi lug-In Electric
Vehicle Infrastructure

Projections: 2017-2025
Future Tnfus i th Stes Zer

Originally developed through a collaboration with the California
Energy Commission, EVI-Pro has been applied in multiple city-,

EVI-Pro

state-, and national-level studies https://www.nrel.gov/transportation/evi-pro.html

EVI-RoadTrip estimates EV
charging demands along

highway corridors for long-
distance travel (road trips).

(o] EVI-RoadTrip\\' & e
© AllDCFC
@ Tesla Supercharger
@ Electrify America

= [nterstate Highways

EVI-RoadTrip
https://www.nrel.gov/transportation/evi-roadtrip.html

EVI-OnDemand estimates DC fast charging infrastructure requirements for

ride-hail EVs considering:
—  Local weather/driving conditions
—  Typical driver shift lengths
— Home charging access for ride-hail drivers

TNC Electrification

40
O Less TNCVMT

() More TNC YMT

35

30

25

DCFC Ports per 1000 Vehicles

5 Miami Los Angeles

950 300 350 400 450 500 550 600
Ambient-Influenced Vehicle Efficiency (Wh/mi) NREL |
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https://www.nrel.gov/transportation/evi-roadtrip.html

EVI-X: Site Design

EVI-EnSite — agent-based charging station modeling
and analysis tool to investigate site operating
requirements.

 Charging Station design parameters:

—  Station power capacity
—  Number of ports
—  Port power capacity
 Used to answer questions such as:
— How should EV charging stations be designed?

— How much queuing is expected at a proposed
station?

—  What site-level control policies can reduce grid
requirements while limiting inconvenience?

— What is the average utilization of a station?

—  What is the total power demand of a station?

https://www.nrel.gov/transportation/evi-ensite.html

® |nputs are vehicle arrival time
and initial SOC

= Total power from all operating
charging ports < Station power

rating

* Battery management system
emulated using charge
acceptance curves for several
battery chemistries

Chagerat Vehicle sl Vehicles are charged on a
a - “first come first served”
® e basis
e —
Charger #N .\/emde.m m A.1
At the port Vehicle #N+1 Vehicle #M
Wait until i i
No s port v_ehlcle.s arrive ?t tht-:‘
a port IS empty station with certain arrival
\/V time and initial SOC
distributions
Plug-into Port

Charging power = min(Port power, Battery
power acceptance at current SOC)

2
Stop at max SOC

mmm

New queuing model: Allows vehicle to plug in when their preferred charger (slow

or fast charger) is available

LIS e==.!

Veh# 4
Preference:
Fast

Veht 3 Veh# 2 Veh# 1
Preference:

Slow

Preference:
Fast

Preference:
Fast

Port# 2
Slow

[

v

@

I_,:’? 2000
Fast z
5 3,000

g
§
H

EVI-EnSite

EV Infrastructure: Energy

Estimation & Site
Optimization Tool

Example Station Load
Profile

EVI-EnSite simulates EV station operations, producing site load profiles and
performance metrics like station peak and average power demand, energy
delivered by port type, and vehicle queuing statistics.

NREL |

7
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EVI-X: Network/Station Economics

https://www.nrel.gov/transportation/evi-fast.html

EVI-FAST - EV station financial analysis tool

* Publicly accessible tool for in-depth financial scenario
analysis of EV charging stations.

e Highly configurable — inputs include station design
(power capacity), utilization, costs (equipment,
installation, and operating), incentives, and financing
assumptions.

e Calculates financial performance metrics including
investor payback period, net present value, and the
levelized cost of charging (S/kWh) for each station
scenario.

 Used in multiple recent DOE analyses'’?

1 Borlaug et al., 2020, “Levelized Cost of Charging Electric Vehicles in the United States”

2 Bennett et al., 2022, “Estimating the Breakeven Cost of Delivered Electricity to Charge Class 8 Electric Tractors”

Breakdown of Station LCOC (S/kWh) @

$0.17

0.18

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

EVI-FAST

Net equity financing expense: 0.00933
Installation cost: 0.0149

charging equipment: 0.0283

Soft costs : 0.0219

Demand charges : 0.0658
Administrative expense : 0.000872
Property insurance : 0.00208

Total annual maintenance: 0.0229
Sales tax : 0.00392

Credit card fees : 0.00436

EVI-FAST estimates the levelized cost of charging (i.e., the
breakeven cost of charging inclusive of capital expenses
(e.g., EVSE), operating costs (e.g., electricity purchases),
and financing assumptions) for EV charging stations.


https://www.sciencedirect.com/science/article/pii/S2542435120302312?via%3Dihub
https://www.nrel.gov/docs/fy23osti/82092.pdf
https://www.nrel.gov/transportation/evi-fast.html
https://www.nrel.gov/transportation/evi-fast.html

EVI-X Web Tools Provide Local Impact at Scale

* Access to EVI-X via online tools empowers P

Charging Need Tool

users with research-grade analysis through C Charging for Long-Distance Travel
. . . ) @ The EVI-RoadTrip Lite: Charging Need tool estimates the number and type of charging ports n_eeded, as well as the associated energy
a fast and intuitive interface

O consumption, to support long-distance travel of 100 miles or more along highway corridors in a given state or county. It is a simplified
version of EVI for Road Trips (EVI-RoadTrip).

How Much EV Charging Do | Need to Support Long-Distance Travel Through My Area?

MAP DATA STATE COUNTY HIGHWAY

* Scale of web traffic surpasses what concaon - sootonmy — <oncnaney [
researchers could support via ad hoc m— O

YEAR: 2035 EV PENETRATION RATE: 15% STATION GAP: 10 MI CHARGING BEHAVIOR: COMBINATION OF THE TWO

requests and underscores real-world
i m a c t Select a highway for route data

518
== Total DCFC ports

4,674 miles
Highway length

’ 97,095 kWh

I m p a Ct - ;:;;ng;owatt-hours per

Charging events per day

Originally launched in 2018, web traffic for & Bo%

Out-of-state electric

online EVI-X tools has increased every year “

FY23: 40,000 pageviews and 660,000 AP|
hits (160% increase)

0.00-0.03
0.04-0.06
0.07-0.11
0.12-0.16
0.17-0.56

© MapTiler ® OpenStn I

NREL | 9
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EVI-Equity




EVI-Equity: Analysis for Equitable EV and EVSE Access

EVI-Equity is a cross-cutting and multi-disciplinary analysis tool for
evaluating equitable EV adoption and EVSE deployment.

* Scope: Entire U.S.

e Spatial resolution: Census block group (CBG) or Census tract

EVI-Equity

* Basic buﬂdmg block: Individual households in each CBG https://www.nrel.gov/transportation/evi-equity.html

Socioeconomics

Percent of vehicles affordable : - \/EVSE demand & supply i
i L-- :\/EVSE utility |
Difference in monthly payment | !v'Marginal effect of EVSE expansion I
oA ~ A Charglng behavior

, Vehlcle Purchase
Travel behavior NREL | 11
& Ownership



https://www.nrel.gov/transportation/evi-equity.html

LA100 case study: EV Stock and Price Prediction

* The cost of EVs is expected to decrease over time.

Evolution of PEVs in the City of Los Angeles Evolution of PEV Population in the City of Los Angeles ® By 2035, the projected buy|ng price* for EVS in LA iS
by Technol PHEV or BEV by Model Year (MY) . .
¥ Technology (PHEV or BEV) anticipated to be $35,000 for new EVs and around
= PHEV (Plug-in Hybrid Electric Vehicle) :::: e ® MY2031 or Newer $23,000 for used EVS
,\ & BEV (Battery Electric Vehicle) — = . . m:ig;i:;gzg Evolution of New and Used EV Average Price from Calendar Year 2016 to 2035 2035 EV Purchase Price without Rebates
5 510 Up to MY2020 _— 1oo%
E £ 70000 \ ——— NewBEV
§ EJ = \\ = New PEV § 80%
0> :; 1% \\\\ ___ 32:: ;S\sv % W $40k or More
- . ST iz
0.0 ‘§ 20,000 % $20-25k
G IR R TN N R S N Y g 5 ao% iizifgt
B S S ESS F s
Calendar Year Calendar Year § é B $5k or Less
= 2 20%
EV stock in Los Angeles by technology (PHEV versus BEV) and model year ?, 30,000
(Source: EVI-Equity; MY = model year) z % | |
z 2 3 % §
By 2035, it is anticipated that Los Angeles will host 10000 L B
o » S v v © b O v » S 5 S 5
approximately 1.6 million plug-in EVs L O T A £ &)E e
Calendar Year PHEV BEV
* The majority of EVs will be BEVs, with about half of all Projected purchase price for new and used EVs; EV/PEV = plug-in
EVs being no more than 5 years old electric vehicles, including both BEVs and PHEVs; Source: EVI-Equity

* Price is the projected cumulative sales-weighted average buying price

NREL | 12



LA100 case study: Projected Spatial Distributions

PEVs Purchased
as Used, 2035
Los Angeles, California

[J Disadvantaged community
Count per 10,000 EVs

15t0 24

12t 15

10to 12

7t0 10

Sto7

3to5

2to3

Less than 2

na

PEVs Purchase
as New, 2035

Los Angeles, California

d

PEVs Home Charger
Orphans, 2035
Los Angeles, California
n Disadvantaged community
Count per 10,000 EVs

B 20to45

B 15t020
10to 15
5to 10
0to5

n/a

(Source: EVI-Equity)

NREL | 13



LA100 case study: EV and EVSE Affordability

PEV
Purchase Price

Above
Purchased $25k
as new

Upto

s5k O
Above
Purchased $25k D
as used Upto D
$25k

Household
Income

Income above
$75k

Income $75k or
less

Housing Type

SFH-Own

SFH-Rent

o
MFH-Own

MFH-Rent

SFH: Single family home
MFH: Multi-family home

Home Charging

Access

With home
charging access

Without home
charging access

Breakdown of EV owners in Los Angeles in 2035 by household income,
housing type, and access to home charging (based on BAU scenario),

where plug-in EVs (PEVs) include both BEVs and PHEVs.

In 2035, more than half of EV buyers are estimated to come
from the low-to-middle income population; most people in

that population do not have access to home charging

Expenditure ($)

70,000

60,000 | -

50,000

40,000

30,000

20,000

10,000

Transportation costs are 15% of income without an
EV; Adopting an EV makes it 12%—26%, varying with
new/used, rebates, vehicle type, and home charging

Average Expenditure ($) for a Household with $60,000 Income and Two Vehicles in LA

Expenditure-to-Income
24% 25% 259% 26% 2205 23% Ratio for Transportation
19% 20% B0 vehicle Purchase
15%”” T ””1’4%’15%”” - T o 777712%71’39/0”7 B 1 Vehicle Fuel
E ; I E E B Vehicle Other
Po— - - - — — m— — - L = . Other Transportation
;:.:':j ; & i} ;. 4 :’:.:: :;j S 4 - - - ¥ Food
Housing
1 Healthcare
. Entertainment
B Fersonal Insur:
& Pension
|||| Apparel & Services
. Other
e e T ma = = T e e = = -— CAAverage
N N N ) N
[T [T AT M M M M M M M M TTTTIT A T
N
CA w/ w/o w/ w/o w/ w/o w/ w/o w/ w/o w/ w/o
Avgerage HCA  HCA HCA  HCA HCA  HCA HCA  HCA HCA  HCA HCA  HCA
(w/o EV)
Standard Standard Sub-Premium Standard Standard Sub-Premium

New EV Used EV New EV Used EV

w/o Rebates w/ Rebates (Federal, State, and City)

2022 household expenditures related to EV and home charging access

(based on today’s market conditions), HCA = home charging access

NREL | 14



LA100 case study: Equity Strategies

Distribution of EV Owners by Household Income:
Calendar Years 2022 and 2035; and Business-as-Usual and Equity Scenarios

. 0 X
Increasing low-income rebates for used . 2
EVs from $2,500 to $4,000, aligning with § ’ 1% Pattern: Purchased as Used = &3 &
. . = Solid: Purchased as New ——> <
federal levels, could potentially stimulate a 5 v % AT
o~ | S e | S
2% increase in used EV adoption among S 1% & g £ .
: O 20% = o e 6 R
low-income households, (roughly 50,000 O 20% v - S 5
1 Q X 1 AT — —
vehicles by 2035) £ z ]
£ -
¢ Business-as-Usual (BAU) scenario: A $7,500 federal g 10%
and $2,000-57,500 state rebate for new BEVs S = .
($1,000-6,500 for PHEVs) and a $4,000 federal and g = <
$1,500-$2,500 city rebate for used EVs were 5 |j|j
modelled based on income thresholds in the BAU g 0% | - ] | | | (B |
scenarlo. | | | S2%  §37 83 % 3% S S
e Equity scenario: an Equity scenario was evaluated in 553 552 552 552 552 58 3
which the city rebate increases from $2,500 to $4,000 SIRe S 3 S 3 S 3 S 3 S 3
(@) (@) O O (&} (&}

for households with annual incomes up to $40,000
< $25k $25-50k $50-75k $75-100k $100-200k > $200k

Household Income

CY = calendar year, BAU = Business-as-Usual, ES = Equity scenario

NREL | 15



LA100 case study: Equity Strategies

) . ) Expenditure-to-Income Ratio for Households Making $75,000 or Less in LA in 2035
* For vehicle purchase and financing —

on average, opting for used EVs could 10%
enable households with annual
incomes <S75K to save approximately
3% of their total expenditures

<--1-1-- 90t percentile

o 75t percentile

8%

A

50t percentile

6%

Expenditure-to-Income Ratio

Choed B 25t percentile

e For operating costs — EVs offer a s <o 10 percentile

reduction in fuel expenses across all

scenarios, irrespective of home 2% — =

charging availability 0% s 858 -
* For maintenance cost — EVs decrease Used New w/ HCA w/o HCA

maintenance and repair costs by 35% With With EVs With With EVs With With EVs

. . . Gasoline Gasoline Gasoline

e Additional incentives would be Cars Cars Cars

needed to reduce the cost burden for Vehicle Purchase and Financing Fuel Cost Maintenance and Repair

EV households w/ no home charging Expenditure-to-income ratio for households with an income of $75,000 or less
access that adopted EVs in Los Angeles by 2035

HCA = home charging access

NREL | 16



Additional Capabilities of EVI-Equity

*+* Multi-modal analysis/solutions

» Shared e-micromobility
» Shared EV access
» Improved transit service

¢ EVSE network evaluation
» Network sufficiency
» Marginal effect of EVSE network expansion
» Exploring neighborhood amenities for opportunity charging

NREL | 17
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