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Question: How well can PV cover EV charging?

Motivation: Low-emission power generation is
crucial to a beneficial and equitable transition to
electric vehicles (EVs)

Method: A daily Load Coverage Factor (LCF) is
calculated for an equal amount of installed solar
PV capacity and daily driving distance for
different global locations

PVWatts and PVGIS used to model daily output
of 1-5kW of installed Photovoltaics (PV)

Energy use of a passenger EV driven 48km/day
was modeled — this is highly temperature
dependent!

Crowd-sourced Alaska data used to extend
data to -40°C
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To model energy
use of an EV:

®* Need a relationship between energy
used and temperature (both driving
and parked)

®* Assume a use case — trip details (time,
length, etc)

®* Need a time-series of local
temperature data (in our case,
PVWatts and PVGIS temperature data)

Alaska Electric Vehicle Calculator

Thisis a calculator to find out how much it would cost to charge an EV at home in Alaska, and what the

carbon emissions would be.

A comparison is also made to an internal combustion engine (ICE) vehicle.

Select your community (start typing to jump down the list):

Kotzebue

Select your vehicle type:

truck

Heow many miles do you drive each day, on average?

a

How many dollars do you pay per gallon of gas?

I would like to check and adjust other factors in this calculation.




Relative Energy Use per Unit Distance
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Relative Energy Use per Unit Distance vs Temperature
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Effect of temperature on energy
use per distance relative to the
optimal (lowest) energy use per
distance for passenger EVs from
the literature [1,2,3,4,5] and from
points on the linear fit in Figure 1.
The third order polynomial fit is
shown by the dashed line and the
equation given. Blue data points
are from studies reporting
averages and fits to many EVs and
trials, and green data points are
data from one or two EVs during
one or two trials. All points are
weighted equally.



Energy Use per Unit Time (kWh/hr)

Alaska EV Energy Use while Parked
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Lightning (warm idle)
Bolt (warm idle)

Fit, warm idle:
kWh/hr=-0.138 T{"C)+2.86

Tesla 3s
Tesla ¥s
Bolts (plugged in)

Fit, plugged in Bolts:
kWh/hr=-0.015 T( " C)+0.26

Bolt (unplugged)

Fit, unplugged Bolt:
kWh/hr=-0.006 T( " C)+0.12
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Crowdsourced parked energy
use data (generally at daily or
overnight timescales) for nine
EVs (two Tesla Model 3s, two
Tesla Model Ys, two Ford
Lightnings and three Chevy
Bolts) in Alaska with a linear fit
to the energy use per hour
(kWh/hour) vs. ambient
temperature (°C).



Modeling of
scenarios in the
Arctic, EVs often
end up more

expensive and
'dirty’ than ICE
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Dally Load
Coverage Factor [6]

n n

LCF= % 'min['_Li}Gi];’ Y LE

i=1 i=1

subscript i refers to the daily values,

n is the total number of days in the
analysis and should be a multiple of
365 (complete years),

L, are the daily EV energy loads,

G, are the daily solar PV generation
totals.




Global LCF Map

Load Coverage Factor: 1 kW PV to 32 km daily driving of EV
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Arctic LCF Maps - 5 kW PV to 48 km daily driving
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LCF Map - 5 kW PV to 48 km daily driving

Load Coverage Factor: 5 kW PV to 48 km/day EV
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Pitea Comparison of Daily Energy: 5kW PV/ 48km Driving

— EV energy use
— PV production

25

20 -

15 1

10 ~

D_

| | | | | | |
2019-01 2019-03 2019-05 2019-07 2019-09 2019-11 2020-01



Pitea Comparison of Weekly Energy: 5kW PV/ 48km Driving
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In the summer weekly charging is possible for 48 km/day driving...



Results and
further work

Regions with lower local insulation and lower winter
temperatures have lower LCF’s as expected

The global south, especially Africa, seems to have a
clear advantage in powering electrified transportation
with solar PV generation

Summer seasonal use matches better with solar in the
Arctic as expected - but may need to pay attention to
energy use in winter for battery conditioning

While the results on whole are not surprising, the
method allows quick analysis of multiple locations for
optimal siting, expansion to other vehicle types and use
cases.

17




References for this Presentation

1. J. R. M. Delos Reyes., R. V. Parsons, and R. Hoemsen. “Winter happens: the effect of ambient temperature
on the travel range of electric vehicles,” IEEE Transactions on Vehicular Technology, vol. 65, no. 6, p. 4016,
Jun. 2016, doi: 10.1109/TVT.2016.2544178.

2. American Automobile Association. (2019). “AAA electric vehicle range testing,” NewsRoom.AAA.com,
February, 2019 Available at: https://www.aaa.com/AAA/common/AAR/filessAAA-Electric-Vehicle-Range-
Testing-Report.pdf

3. F. Yang, Y. Xie,Y. Deng, and C. Yuan. “Predictive modeling of battery degradation and greenhouse gas
emissions from U.S. state-level electric vehicle operation,” Nature Communications, vol. 9, no.1, p. 1, 2018,
doi: 10.1038/s41467-018-04826-0.

4. P. Olsen, “ Buying an electric car for a cold climate? Double down on range,” consumerreports.org, February,
2019. [Online]. Available at: https://www.consumerreports.org/hybrids-evs/buying-an-electric-car-for-a-cold-
climate-double-down-on-range/. [Accessed Mar. 16, 2022].

5. C. Argue, “To what degree does temperature impact EV range?”” Geotab.com, May, 2020. [Online]. Available
at: https://www.geotab.com/blog/ev-range/ [Accessed Mar. 16, 2022].

6. P. Torcellini, S.Houssainy, S. Pless, W. Livingood, and B. Polly. “The Future of Zero Energy Buildings:
Produce, Respond, Regenerate Preprint,” presented at the 2020 ACEEE Summer Study on Energy Efficiency
in Buildings, Virtual, August 20, 2020.

7. M. Wilber, E. Whitney and C. Haupert, "A Global Daily Solar Photovoltaic Load Coverage Factor Map for
Passenger Electric Vehicles," 2022 IEEE PES/IAS PowerAfrica, Kigali, Rwanda, 2022, pp. 1-4, doi:
10.1109/PowerAfrica53997.2022.9905364.



Thank You!

» ACEP Contact: Michelle Wilber - mmwilber@alaska.edu "AF

acep.uaf.edu ALASKA
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