PLUG-IN HYBRID & ELECTRIC VEHICLE RESEARCH CENTER
of the Institute of Transportation Studies

Metrics & Methodologies to Evaluate Transportation
Electrification Programs

CALIFORNIA PUBLIC UTILITIES COMMISSION

Gil Tal



UCDAVIS

PLUG-IN HYBRID & ELECTRIC VEHICLE RESEARCH CENTER

of the Institute of Transportation Studies

" b NIy l
‘?‘."" oy
3 n
P

Gil Tal, Director
Alan Jenn, Research Director
Dahlia Garas, Program Director



PH&EV Center Data Collection

TNC Data

¢ Questionnaires with 30,000 PEV owners
* Non-EV buyer surveys with 25,000 car buyers in US

¢ OBD data on 600+ vehicles
¢ GPS data on 54,000 PEVs from OEMs

¢ 9,000,000 Level 2 charging events
* 3,400,000 DC fast charging events
e \Vehicle Reported Charging Events

¢ 48,000,000 vehicles in 3 states
¢ 14,000,000 Households vehicle ownership

* ~5000 PEVs used for TNC
¢ 1.6 million TNC trips
¢ ~15,000 DCFC charging events



Charging Location of Individual Use

Pi. L2
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Annual VMT (miles)

Annual VMT of plug-in vehicles in California 2018

18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

ICEVs PHEVs BEV Short range BEVs Long range BEVs
Fuel Type

W 2017 California NHTS m Calif Survey PH&EV Center M Nationwide Survey 2017 m Logged Vehicles-Calif PH&EV Center




Where and When PEVs Charge in a Week? (CA 2017)

Overall Proportion Proportion of respondents in charging behavior groups

mHome only m Work only m Other only = Home-work mHome-other m Work-other m All
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Can you plug in at home? (For those who are not doing so)
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No, we have no option to No, but we can leave the Yes, but we will need to

charge the car over night

car next to a public
charger overnight

use an extension cord

B EV M Plug-in Hybrid
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Yes, we can use a 120V
regular plug

Yes, we have a charger
installed
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Who is using DC Fast Chargers? once or more in the
last 30 days (CA 2018)

Nissan Leaf

Tesla Model X

Tesla Model S Volkswagen e-Golf Chevrolet Bolt EV

M Yes

No

BMW i3



Days between charging events
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Distance from home of DCFC charging

~ Leaf home disntance from DCFC charging location (As the crow flies in KM)

% —

Probability

o
Ed

10%

5%

20 40 60

80

I
100

I
120

140

4~ Model S home disntance from DCFC charging location (As the crow flies in KM)

25%

20%

Probability
5 o
E

w
3

b %

0 25 50 75100125150 200

250275

325

375 400

450

500

4 Quantiles 4 =|Summary Statistics
100.0%  maximum 2849| |Mean 28.597182 |
99.5% 174.6775| |Std Dev 27.089534 |
97.5% §99| |Std Err Mean 0.6934645
90.0% 58.73| |Upper95% Mean | 29.957427
75.0% | quartile 388| |Lower95% Mean | 27.236937 |
50.0% | median 247| N 1526 |
25.0% | quartile 58| |Sum 436393
10.0% 34| N Missing 57
2.5% 11| |NZero 0]
0.5% 1| |Minimum 1]
0.0% | minimum 1| |Maximum 2849

Median 247
4 Quantiles 4 = Summary Statistics

100.0% | maximum 8348| [Mean 96.341143
99.5% 712607 | |Std Dev 124.7979
97.5% 495905| |Std Err Mean 3.5656542 |
90.0% 2483 |Upper95% Mean 103.33661
75.0% | quartile 107.95| [Lower95% Mean | 89.345672
50.0% | median 541 |N | 1225]
25.0% | quartile 26| |Sum | 1180179
10.0% 6.86| |N Missing 82
2.5% 43| |NZero 0
0.5% 22| |Minimum | 1.3
0.0% | minimum 1.3 ] |Maximum 8348

Median | 541
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kWh/Session

Average kWh/Session
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Probability of Charging over vehicle use days
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Probability of Charging as Factor of Home Charging cost

BEV Owners (Predictive Margins with 95% Cls) PHEV Owners (Predictive Margins with 95% Cls)

Probability
Probability
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0 5 10 15 20 25 30 35 40 45 (1) 5 10 15 20 25 30 35 40 45
Electricty Rate Paid @ Home (cents/kWh) Electricty Rate Paid @ Home (cents/kWh)
----- B ---- Not charge +----@---- Home Charging -----B---- No charge <----@---- Home charging
----- A& ---- Workplace charging ~---4p---- Public charging -----&---- Workplace charging <-4+ Public charging
----- +---- Multi-location charging s+sse+---- Multi-location charging
|

Probability of home, workplace, and multi-location charging goes down with increasing
cost

Probability of public location charging goes up as range of vehicles increase



Charging start time: California 2016-2018

% of Weekday Charging Sessions (All Levels)
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Coordinating charger infrastructure development
with the distribution grid

* Launched two year project to understand impacts of future PEV
charging on distribution infrastructure:
* Measuring the landscape of distribution infrastructure

* Integration Capacity Analysis tool
* Working with SMUD, later extending to other utilities

e Coupling distribution infrastructure and charger installation
* Integrating electric vehicle charging behavior

* Spatial distribution system limitations and costs

* Developing pricing and policy levers



Understanding TNC demand vs. infrastructure
needs

* The demand for electric TNC Gen Francecs 12017
services do not always align with A
the location of charging locations

* We are developing a model for

building out DC fast charging

infrastructure for TNC electric R SO (i oy

vehicle use . QIR NN AR
* Minimizing discrepancies = N o

between chargers and ride iy g/ on] i "

demand WA

* Increases profitability for drivers

* Decreases deadheading for P SN (LS
charging A
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INSTITUTE OF TRANSPORTATION STUDIES

Thank You! ceatacen Sowres

* Contact information:
e Gil Tal (gtal@ucdavis.edu)
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