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Hi everyone. My name is Neil Sorkin and today I’m going to tell you about a novel solution I came up with to eliminate range and charge speed issues for electric vehicles.
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First, I’ll start with a personal story comparing gas and electric cars.
Second, I’ll discuss two major issues with mass adoption for electric vehicles.
Third, I’ll show how power beaming can solve those issues.
And finally, I’ll show the financials that back up the usage of power beaming.
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So, let me take you on a road trip.


Beach Week -
OuterBanks

*
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Last Saturday, I set out to the Outer Banks, North Carolina.


Fairfax, VAto OBXHouse

Norfolk— |
el \irginia/Beach
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My journey began in my hometown of Fairfax, Virginia and ended in the driveway of a very pink house that my friend group rented.


272 Miles

Trip Distance

2007Hyundal Sonata
Avg.23 MPG

$52.39

@ $4.43 /gallon

4h 54m
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I set out with a full tank of gas in my 2007 Hyundai Sonata. The 4 hour and 54 minute journey was 272 miles long. I averaged 23 miles per gallon and paid $4.43 per gallon. All told, this trip cost me $52.39.


© 272Miles | %

Trip Distance

2020 Tesla Model X
Long Range

108 city / 101highway MPGe

25MinutesCharging
§22.41
@ ¢25/kWh
5h 9m _—
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My friend Colin set out in his fully charged 2020 Tesla Model X Long Range. He also took the same path, but had to make one stop along the way at a Tesla Supercharger. This added 25 minutes to his journey. All told, the electricity he used billed at ¢25 / kWh comes out to $22.41.


2007Hyundai Sonata 2020 Tesla Model X Long Range

Fuel Cost: $52.39 Fuel Cost: $22.41
Time:4h 54m Time:5h 19m
Time Fueling: $27.08
Total: $49.49

Time Difference Billed at $65/hour: 25m * $65/hr=5$27.08

$65/hour is average hourly salary of EV owners
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Comparing our experiences, I paid more than double what he did in fuel. However, if we consider the time he spent at the charging station, billed at the average hourly salary of an EV owner, $65/hour, the total would come out to $49.49. This is much closer than if we looked only at the fuel cost.




Presenter
Presentation Notes
Of course, the value of your time varies greatly. When you’re late for a flight, you would pay a lot more to fast charge if needed than if you were just driving around for fun. So, throughout this presentation, we will be using the average hourly salary of EV owners, which is $65/hour, to bill waiting time while charging.
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Now, let’s break down two major issues stopping electric vehicles from mass adoption.


EVs-Two Problems

Range

At all price levels, finding an EV
that can rival gas range is difficult.

Charge Speed

Liquid gasoline transfers energy
much more quickly than the
fastest chargers.
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First, the range. Electric vehicles at all price levels have a hard time rivaling gas cars. Second, charge speed. Range can be added faster for gas cars compared to electric cars.


RangePotential Solutions

e Bigger battery

* Based on Bare Cell C:Cylindrical Type, P:Prismatic Type
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At the car manufacturer level, the best way to extend the range of a car is to give it a bigger battery. The issue with this is it adds weight and the battery itself is very expensive. Expensive vehicles are not suitable for mass adoption.

Well, why not just use a more energy dense battery? Well, it doesn’t exist yet. Lithium ion batteries are the best we have right now and they are nowhere near the volumetric energy density of gasoline.


Charge Speed Potential
Solutions

e Charge faster
o Degrades battery
o Reduces lifetime of battery

e Battery swap
o Battery does not live with

original owner
o A swap could result in
receiving a “worse” battery
o Multiple battery
configurations
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Why can’t you just increase the charge speed? It degrades the battery and reduces the number of times it can be recharged.

What about battery swapping? The battery does not belong to the purchaser of the vehicle and swapping could result in receiving a worse battery. This could happen if the battery you are swapping for is older and has a lower capacity than the one you are currently using. Also, different car models have different battery shapes and capacities requiring large inventory at each swap station.
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To address both of these problems, we can utilize power beaming. Power beaming will let vehicles charge while they drive bypassing the need for large batteries and fast charge times.


Target Market

e 4-wheel EVs
e Vacation or long trip

e Interstates only

46,876 miles of US inte
ighlighted i
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The target market is 4-wheel electric vehicles on vacation or taking a long trip. Targeting only 4-wheel vehicles removes trucks from our power level requirement. Vehicles on vacation or a long trip means that most vehicles on the road will not need power. This means we will likely have 1 EV needing power for every 100 vehicles on any stretch of road. This concentration would likely fluctuate across the US with income level.

We want to install this system on interstates only as most vacation or long trip miles driven are on interstates.


O

$5 million per mile
Very high efficiency
Single lane

Cannot be used by cars
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You might have noticed that I left out trucks from the target market. This is because trucks spend a majority of their miles on interstates. They would require too much energy for beaming to be cost effective. Overhead cables in a single lane could be used as they have been demonstrated in Germany. The initial installation cost would be higher, but the efficiency and emission reduction could justify the installation.


Components

e Power beaming turrets

e Roof-mounted receivers

Array Mounting e Radome
Mechanism i /

Antenna Arrays

Water sealing gasket

‘Weather proof / Roof mounting

mechanism

connector

Car Mounted Radome Design
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Now, what do we actually need to deliver power to vehicles in motion via power beaming?

First, we need to install turrets all along America’s interstates. These turrets will have to be placed close to each other so that EVs always have line-of-sight to at least one turret.

Second, every EV will need to be equipped with a receiving apparatus mounted on the roof of the vehicle.


Power Beaming Turrets

e Frequency: 94 GHz, W band
e Target Power Level: 24 kW

o Based off of 2022 Nissan Leaf at 70 mph

e Line-of-sight
e Pan-tilt tracking of vehicles
e Parabolic antenna

o Minimal side lobe

o 3m diameter

o High gain

o 0.07°Half-Power Beam W idth
Radome

o W eather protection
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For the turrets, we select 94 GHz, which is within the W band. The target power level of 24 kW is based off of the power draw of a 2022 Nissan Leaf traveling at 70 mph. These turrets will maintain line of sight with vehicle receivers using a pan-tilt unit with a 3m parabolic antenna mounted. The beam generated by this configuration has a very tight 0.07° half-power beam width. For shielding from the elements we can use a radome.


Specific attenuation due to atmospheric gases

94 GHz Frequency Selection

e Acceptable atmospheric losses

e Tight beam i
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The selection of 94 GHz was carefully made due to the ability to focus a tight beam while not losing too much power in atmospheric losses. A small receiver is needed for EVs. From a safety standpoint, the human effects of 94 GHz has been heavily researched because of the Active Denial System developed by Raytheon, which shares a similar 95 GHz operating frequency. They found that 95 GHz heats the outer 1/64th of an inch of skin and causes no permanent damage.


Active Denial System

Frequency: 95 GHz
200 kW draw, 100 kW beamed
Steerable

1.3 m? antenna

VGB-8095 Gyrotron
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In many ways, the Active Denial System resembles the power beaming turrets I previously described. It is a steerable, high power 95GHz beam. The use case is for crowd control, but the aim and fire principles are similar.


Tracking + Safety

e Pan-tilt tracking unit
o High resolution
e Local GPS and transponder based system
o Precise position can be determined using the
network of turrets
o Transponder pings vehicle location
o Signals want for beamed power
e Detects beam entry
o Predicts bird path entry
o Shuts off beam if power level changes
unexpectedly
Metal vehicle roof provides shielding
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Now we have to track the EVs. Every turret will be equipped with a very strong pan-tilt unit that can support the heavy 3 meter dish. Each vehicle needing power will be accurately tracked using local GPS which will have resolution accurate to a few centimeters. EVs needing power can be identified by turning on their transponder. This could also be integrated with EZPass, for example, or be built into vehicles.

With such a narrow beam, the power densities are dangerous enough that we should detect beam intrusions. Using cameras, or simply the power level received by the targeted vehicle, we can determine if a beam intrusion is about to occur or has occurred.

Additionally, the solid metal roof of vehicles provides a level of shielding from the high power beam.


Option 1 - Parabolic Antenna
e 1m diameter

e Higher RF-to-DC efficiency

Option 2 - Phased Array
e Smooth with roof, aerodynamic
e Lower RF-to-DC efficiency

e Better manufacturer integration

Per=wvehicle, options may_diffemin

utility 22 -
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The receiver can come in one of two forms. 

First, the more RF-to-DC efficient form, a parabolic antenna. This will be a 1 meter diameter dish mounted inside a radome for weather protection and aerodynamic purposes. 

The second form is a phased array rectifying antenna. This will lower efficiency, but might allow for a better looking vehicle with better aerodynamics especially at highways speeds. This would also be better integrated with the manufacturer and wouldn’t look like a giant zit on the roof. The choice may come down to the consumer or the particular vehicle to determine which one is better.
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Here is just another example of a vehicle with a radome.
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Now let’s talk money. If EV power beaming can’t generate money to support itself, why build it.


For calculation:
20 million customers

Market Size

Cumulative US Electric Vehicles In Operation: 2010-2030

30,000,000

25,193,540
25,000,000

20,692,846
20,000,000
16,718,035
15,000,000
13,169,775
10,215,528
10,000,000
7,610,208
5,628,398
5,000,000
2‘?96214
1,359,093
729,480
1,91 165,863 403628 I I
0 2'9?_ e [ | -I I

2010 2017 2012 2013 2014 2015 201&6 2017 2018 2019 2020 2021 2022 2023 2024 2025 2024 2027 2028 2029 2030

m Annual BEV & PHEV Sales B Cumulative EVs in Operation

Historical Data: GoodCarBadCar.net, InsideEVs, IHS Markit | Auto Manufacturers Alliance, Advanced Technology

Sales Dashboard | Research, Forecast & Chart: Loren McDonald / EVAdoption
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To start, the number of people owning EVs in the US is increasing exponentially. For my calculations, we will assume that there are 20 million customers.


Cost Factors

Average Distance Traveled by American

Driver (mi) Per Year 14263 Work Miles Proportion 0.9
Work Miles 12836.7 Work City Proportion 0.5
Work City Miles 6418.35 Work Highway Proportion 0.5
Work Highway Miles 6418.35 Travel Miles Proportion 0.1
Travel Miles 1426.3 Travel City Proportion 0.15
Travel City Miles 213.945 Travel Highway Proportion 0.85
Travel Highway Miles 1212.355 $/kWh at home/grid/L2 $0.11
$/kWh beamed $0.85
Cost per kwWh L3 $0.43
Waiting time value (L2/3)
(%/h) $65.00
Level 3 Power level (kW) 150
Level 2 Power level (kW) 12
Cost per gallon $4.59

DC-DC
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In the process of determining how profitable an EV power beaming company would be, I had to use spreadsheets. Every yellow cell is a number that is variable. Rather than explain every value I selected, I want to highlight a few that make a big impact. The number of miles that we want to supply to every customer per year is about 1200.

Each vehicle will have different power needs, but all vehicles will pay the same amount per kWh. To make a gasoline analogy, think of a kWh as a gallon of gasoline for electric cars and think of kWatts as a rate at which gas is pumped.

The DC-DC efficiency of 26% is based off of optimistic approximations of similar power beaming systems. None have successfully ventured this high in terms of power though.

The beamed kWh price of $0.85 is chosen to match the waiting time incurred by a high speed charger.


GasVsElectricCost

Car Model Vehicle Type MPG(e) City MPG(e) Highway Work Miles Cost Travel Miles Cost Annual Fuel Cost

2022 Nissan Leaf  EV 118 o7 $46561  $38420  $849.90

2022 TeslaModel S EV 124 115, $41545 $326.98  $742.43

Average Distance Traveled by American

Driver (mi) Per Year 14263 . c . . 0

W ka_I ) e Electric: Low grid charging, high vacation cost, stable
ork Miles ; . .

WorK Gt/ Miies 641835 Gas: High (as of 5/25/22), unstable, not eco-friendly

Work Highway Miles 6418.35

Travel Miles 1426.3

Travel City Miles 213.945

Travel Highway Miles 1212.355
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At the end of the day, this system needs some government cooperation and/or funding to get off the ground. Funding would hopefully come in the form of innovation grants. To demonstrate the ability of the system, we can look at the fuel costs of 4 different vehicles. To cover the 13,000 miles driven to work by the average American, we can see that driving electric is cheaper. This is because charging at home is very cost effective. When using power beaming for travel, it costs more than gasoline, but at the end of the year, the annual fuel cost of each electric car is less than half of the gas cars.


GasVvsElectric

Car Ownership Costs: MSRP plus Fuel Over Time

== 2022 Nissan Leaf (62 kWWh) == 2022 Tesla Model S == 2022 Toyota Corolla == 2022 Honda Civic

$125,000

$100,000

$75,000

$50,000

$25,000

$0

Years Owned
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In this chart, you can see the cost over time accounting for the initial purchase price and the years operated for each vehicle. The 2022 Nissan Leaf, with the $7,500 tax credit applied, is the cheapest after 10 years. The Tesla costs a lot to initially purchase, but has a low fuel cost. The gas cars both have steeper fuel costs and the spread of the bars indicate that high fuel cost. This shows that at a consumer level, owning an electric car is financially rational if power beaming exists.


Per Turret

Component

Pan Tilt Unit

Dish

Tower
Communications
Radome / Shroud

Total

Annual Land Rights Per Tower

$32,200
$20,000
$175,000
$10,000
$1,627

$238,827

$5,000

Overall Cost

Cost Per Turret $238,827
Turret Radius (km) 0.30
Miles of Interstate 46,876
Min Highway MPGe to Maintain Charge 97
Top Speed (mph) 70
Coverage Overlap 1.00
Avg. Turret Target Power to Car (kW) 24.32
Turrets Needed 125,732.72
Total Cost $30,028,368,591

Alternatives

German Overhead Trucking Cables $234,380,000,000
Electreon Induction Charging $89,064,400,000
New Construction Cost, 1 Addl. Lane, Rural Interstate, FL $31,291,237,532
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Each turret will cost about $240,000 up front and $5000 a year in land rights. The grand total to install turrets with 300m non-overlapping radius is $30 billion. This would fully cover America’s 47,000 miles of interstate. Compare this to other systems, such as overhead trucking cables or induction charging which would cost $230 billion and $90 billion respectively.


ROI Potential

Initial Installation Cost $30,028,368,591
Avg. Annual Profit per Customer $162.03
Annual Lease Cost $628,663,606
Customer Base 20,000,000
Annual Customer Miles Supplied 24,247,100,000
Annual Profit $2,611,952,721

Years to Break Even 11.50
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With the initial installation cost at $30 billion, and an annual profit of $2.6 billion, it should take about 11.5 years to break even. This break even time could be improved by government grants covering some of the initial cost. The annual profit will depend greatly on the number of customers too.


UnlocksNew Driving Style

Weekdays

e Enable self-driving at night and “@“’ <{gummer
' l l | |

5AM 3PM GPM 12 A

sleep on the way to your

destination for off-peak rates

e Much better if the kW h price
drops from ¢11 /kWhto¢3/

12 AM 5AM 124M

Dominion Energy Smart Meter pricing

kW h Summer Pricing for Weekdays, Weekends & Holidays

Revierws he pricing for the different tiers for the surmmer manths (May - Sept]

On Peak ($55) £0.214779 ON Peak ($5) 50096533
O Peak [$%] S0096533 Super O Peak () $0.078082

wper O Peak ($) S0.0750862

Eligible holidays: Mew Year's Day. Memornal Day. Day. Labar Day. T . ainvd Cheistmas,
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An interesting new driving form may take shape with EV power beaming. Off-peak electricity rates can be much lower. Off-peak is generally when people sleep. Given that self-driving is sufficiently advanced, people could sleep on the way to their destination and get a discounted beaming rate while they are driven to their destination.


Multi-Use Turrets

e Power Beaming

e Cell Tower

e Self-driving “eyes in the sky”
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To recoup some of the money, these turrets located along highways could serve multiple purposes. In addition to beaming power to EVs, they could host cell tower equipment or be “eyes in the sky” for self-driving vehicles. Using the transponders installed in vehicles, accurate positioning information can be passed from vehicle to vehicle through the towers.


Conclusion

® 94 GHz Power Beaming Turrets
o Target: 4-wheelers
o Freedom of movement, self-driving future
o No stopping for fuel, battery as buffer

e Overhead Electric Cables

o Target: Trucks and buses
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Ultimately, electric vehicles need to and will overtake gas powered vehicle market share. This overtake can be aided without tax incentives by improving fast charging infrastructure and installing power beaming turrets across the country.

Maybe the next time I go to the Outer Banks, it will be in an electric vehicle. And maybe I can make it without stopping to charge.


Thanks!

Doesanyonehaveany questions?
Presenter: Neil Sorkin

Contact: neilsorkin19@ gmail.com

CREDITS: This presentation template was created by Slidesgo,
including icons by Flaticon, infographics & images by Freepik.
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Thank you.

http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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