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When an affordable 500-miles battery is ready, say goodbye to the gasoline car.
http://www.roperld.com/science/BEVvsICECost.htm

Introd uction

| have been interested in electnehicles (EVsfor several years. | bougmy first EV asmall pickup, the ZAP Xebra PK,
in 2007. | drove it about 3000 miles and gave it away in January R@é&8cribe it as &y electriccar. | learned from

that experience never again to drive an electric vehicle thasleszd-acid batteriedor propulsion (Ref. 1)

Prior to that | bought a Toyota Prius in 2005 and converted it to a HymotioripingOctober 2008/Nhen | leased a
Nissan LEAR 2013l soldthe plugin Prius to my granddaughter for about half pri¢Ref. 2)

InMay 2012 | leased 2012Nissan LEASL(range: 73 miles) for 3 years. It s&n excellent vehicldn March 2015 |

leased a 2015 Nissan LERFor 2 years. It has a longer EPA ra( miles) than the 2012 LEAnd charges about

twice as fas(6.6 kW versus 3.3 kW)leased because the technolqgspecially fobatteries, used in electric vehicles is
changing rapidly YR 6 SOl dzAS o6 I G G SNA S Hater, Conduwihe®epait® recBndr@ndeéd leasing BVs G A
for the same reasas the first time they have recommended leasing a (aef. 3My oldest daughter bought the 2015

LEAF after | returned it to Nissan.

In 2017 bought aChevrolet Bolt EYXCBEVIPremium with Driver Confidence Package and-¢astrging capabilitpWith
its EPA range of 238 miles and fast acceleratigBO{thph in 2.9 seconds and@D-mph in 6.5 seconds) | am extremely
pleased

Cajun Red Tintcoat

By driving these electrieehicles | learned much abobattery electric vehicle§BEVs)and came to love the many
excellent features of electric canswill never drive another ICE (Internal Combustion Engiabijcleas my personal
vehicle. Wien the range ofBE\s surpasss the range of IGH&Nd fast charging stations are prevaleintill neverdrive
another ICEperiod.Until then my secondary cavill be a plugn hybrid preferably a biodiesetlectricplug-in hybrid |
recently owned a 2006 Toyotddtlander Hybrid (gaslectric 26 mpg EPA rat@édan excellent carAfter driving it for
124,000 miled traded it in for a 208 Toyota RAV4 Hybr{83 mpg EPA rated)
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I am in the queue to get th&€esla ModeB (TM3)sometime after it becomes available. | will have to decide then
whether to sell the CBEV or decline the TM3. ThedastvingTesla Supercharger netwopkovides a major motivation
to get the TM3

Some Facts about Electric Vehicles

1 An electric MOTORrovides rotary motion forpropulsionfor aBEV, In a gasolingehicle(ICEa combustion
ENGINBPprovideslinear motion that is converted to rotary motion fpropulsion.(A gasolineslectric hybrid
vehide [HEV]has anENGINENd one or more MOTORENERATORE.g.the Prius has one ENGINE and two
MOTOR&ENERATOR&Shdthe AWDToyota Highlander Hybrigind the AWD Toyota RAV4 Hylnas one
ENGINE and three MOTGBENERATOR®/0 MOTORS/GENERAT@RSBe front with the ENGINENd one
MOTORGENERATGRthe rear) MOTORS can run backwards and eegygators; e.g., when brakinghich
chargesthe battery ¢egeneration). (Regeneration occufer MOTORS/GENERAT@Ri&aselectric hybrids,
also.)(Somecarz YL YAS& dzaS G(KS 62NR ANBOdIISNI GAZ2YyEéE Ayans

1 CHARGER®e in thevehicle CHARGING STATIGIXSoutside thevehicle There are three standard types of
CHARGING STATIONSet1/120-volts AC (1.15 kW), Lewv&l240-volts AC (3.3 kW or 6.kWor highen and
Level3/480-volts DC (5aL00 kWor higher). (My LEAFs hadll three levels of receacles;Levell and Levep
use the sam&AEIL772receptacleon the car The 2012 LEA#Ras the 3.%W charger; later years have the 6.6
kW chargen. TheTeslaShas fater chargers andeslais installingvery fastcharging stationgSupechargerg
across the U.%0 recharge Teslaatteries and using them wasfree¢ of cost(i.e., included in the cosif the
car)for Tesla driversriginally, but a fee was enacted in 20{& TesleSor TeslaxX can now travel from Mexico
to Canada charging at Senghargersand across the United States on selected rolfesr a map of the locations
of Tesla superchargeisee Ref. 19Tesla Superchargers animationps://youtu.be/YRd-23muvw8g . The chargers in
the BEV have to match the charging station voltage and poiMee. charger receptadlg)on the outside of a
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existfor Level3 receptacles ManyLevel3 charging stations currently in the UuSethe
AsianCHAdeMGstandard; current staions containing both are being installg@Note that the U.S./Europe SAE

Combo combines lev& and level3 in one plug.Yhe charging receptacles on the LEAR
, with levet3 CHAdeMO on the left and SAE/72 on the rightApparently, there eventuallwill be adapteisfor
+ LX dZA& (2 dzaRefdPraekTestaMidel\s Ran MeRBaéged through its supplied cable to
standard 126volts outlets and with a 249olts standard J1772 plug. Tesla hasdapterfor CHAdeMO (leved)

quickchargingstations.(Ref. 19, Probably there will eventually be a
Teslaadapterfor the SAECombo charging stationélso, Tesla has audapterfor charging usinflEMA 1450
outletsat campgrounds. The levé&lportable charging stations that come with nrdesla BEVs can benverted
from 120volts to 240volts with pigtails for 12&0olts and NEMAL4-50-volts charging

Electric motors havaearlyinstantaneous torque; gasoline engines have to ramp up todpeto more
mechanical inertido overcome Torgue provides acceleration. TherefoBE\S have high acceleration
comparal to equivaleniCE. Anda BEVduringacceleration is very quiet.

Electric vehiclesan travel very fast. The Nissgn9 | C Q& Y | E A Y dzY and thdSChévrolaBalt-Efstis Y LIF
93 mph The Tesla S can haed to a maximum speed of 138ph.

BEWbatteries work best and lose capacthe least if they are kept in a narrow temperature range. The best
BE\ have tlermal management systems to keteir batteries within the required temgrature range.
Generally liquiecooled systemsge.g. Tesland Bolt EYare better than aircooledsygems(e.g. Nissan LEAF)
There is no transmission in mMABBE\$; the moto tation transfers directly to the wheefkotation through
fixed reduction gears. (The gear ratio for the LEAF is 7.4BE7.)18)

BE\ usually have a dlts auxiliary batterywhich is usually lead acid. It is used to start Bi&system and to
provide power for the lights, audio, etc. It must kept above a minimum voltage order that theBEVsystem
can be started. It is charged by the propulsion battery and wdiergingthe propulsion batternyjn most cases.
SomeBE\$ have a small solar panel on the roof to trickle charge the auxiliary battery when the vehicle is in
sunlight.
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Most mechanical parts (e.g., steering and windshield wipers) are powered by small electric IBotoeBE\S
have electrieactuated parking brakes and some have faotuated parking brakes similar IGE; the later may
be safer in the case of an electrical failure. Of counsakecable for foot brakes cafail, also

The besBE\tabinheaters/ar-conditionersare highly efficient heat pump3he best cabiheating systems
have heated ®ering wheels and heated seatsnce they use less energy thismeeded for space heating.
Electric motors can have efficiencies as high as 95%; gasoline ehgusesfficiencies of ~285% and diesel
engines have efficiencies of ~40Phe transmissioandother devices inalCEcauseenergy bsses. Therefore,
the fuel usageNIPGe = 33.705 misékWHh) for aBEMs about 1/4" of ICEuel usaggMPG) A typical BF runs at
3-4 miles/kWh = 104135 MPGe; whereastgpical ICE runs at 25 MPG

A motorin aBEVactsas a generator to recharge the battery when BEMs slowing down, incliling braking
(regeneration) Theefore, the mechanical brakes afBE\are usedonlyin emergency stops and &w speeds;
therefore, brakesuisually do not need to be repairddr 100,000 miles or mot€This is the case for gasectric
hybrids, also.)

The electricity to drive electric motors can come from solar energy or wind energy, allowing truly zero emissions
Electric motors are much quieter than gasoline engiiest BE\$ have a sound maker at low spesad when
backing ugo warn pedestrians.

Thebatteryin electric vehicless usually under the seatsyhich provigs a verjow center of gravity for
exceptional handling while drlvmgiere is the battery under the Tesla S:

It has a titanium plate under it for protection from road debris.

The bodes ofBE are usually designed to have very low drag.
TOYOTA MERCEDES-BENZ TESLAMODELS NISSAN (IHEVR()IZI'
PRIUS > ClA2s0 P85/ .A\u* : LEAFSL 2012

0.24
252 ft’

6.2 ft?

http://insideevs.com/cardriver-aero-comparoteslamodels-versusvolt-leaf-priusvideo/

Manufacturing ofpluginss 2 FG Sy OF f fiSr@mpiadup. F@yi aidis@lingiastthéarsthe Toyota
Prius did when it was first introduced to the U.Syéar2000.(G luigrl y & ¢ A Y &rf hgbRAS(RHENMfsdz3
well asBE) (Ref. 20)
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Positive Aspects of Electric Vehicles

1 When the electricity comes from solar and wind energy, there are no particulate or greenrgagsmissions.
Personal transportation is possible without using fossil ftepower.

T ¢KS 024G 27T & afdaSdirkcosis for an éqpidaiént wehiate.

1 The cost of matenance is very smak.g.,there areno oil changes aune ups. And brakes are only used for
emergency stops and at low speeds; therefore, they usually do not need to be repaired for 100,000 miles or
more. (This is true for brakes on galectric hybrids, alsolYsualy aregularvisit to adealer isonlyto rotate the
tires, which the driver could do.

1 The first thing that impressed me about the LEAF was the high instantaneous acceletaimndver bund a
gasoline car that | could not out aceedte at a red lightvith my LEABr Bolt EVANd it doesso extremely
quietly. I like beindfirst position at a red light, because thémwan move far away from the gasoline pack quickly.
Comparison of the aeteration of a Tesla Mod& P85D+ with a Dodge Hellcat:
http://www.streetlegaltv.com/news/consumereportstake-an-in-depth-look-at-hellcatvstesa/

Acceleration

0%

06

04

==Helcat

g's

02 ' —Tesha

0.2

04

06
Seconds

1 g acceleration in less than %4 second is incredible!

91 I chargel the LEAF about 98% of the time in our garage. (How many owners of gastlinks can fuel their
vehicles 98% of the time in their garageés®laving a ével2/240-volts charging st#on in our garage allows
charging the vehicle several times during the day as negithedeby effectively extending thdailyrange by a
largeamount Usually | charge it to D86 at night when power plants are underutiliz&dhen | wento Roanoke
| charged at a CHAdeMO fast charger downtown®S KA YR Y& R dz3 K Sbtalled a R4Pvolts S &
level2 charging stationWith the 238miles Bolt EV | can make several trips to Roanoke without charging there.
All new apartment houses should be requitednstall conduit in their parking lots to make it easy to install
charging stions as needed in the futurdll new houses should be required to have wiring installed in garages
to make it easy to install a charging station as needed in the future.

1 Thelow center of gravity of eledir vehicles, due to the battetgcated under the seats, makes electyiehicles
handle extremely well.

9 The Nissan LEAF and the Tesla Model Sdzhieved Sstar safety ratings.
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After their vehicle life time lower capacityBEWbatteries can be used for renewabdmergy storage. (Ref. 10)
BEWbatteries are designed for very high recyclaofghe various materials in thenThe largeformat batteries,

such as the 1®batteriesin the Nissan LEABhould be easier to recycle thahe smaklformat batteries, such as
the ~7000 ones in the TeslaiBce they are surrounded by a goo (Ref. Z&e Nissan LEAF has 48 modules with
4 batteries per module, thus a defective module can be easily replaced at a reasonable cost.

Negative Aspects of Electric Vehicles

T
T

Qurrent batteries have a randess than gasoline tank$hat islikely to change over the nefew years.

Charging batteriesurrentlytakes longer than filling gasoline tanR$at is likely to change over the ndgtv

years.

Bateries lose energy capacity with tim€he % loss depends age of batteryaverage air temperature,

average % of charging, average charging current, average rate of acceleration, whether battery cooling occurs
and perhaps other factordlissan gives thiollowing average numbers for the LEAEO% loss in 5 years30%
loss in 10 yeardResearch is underway to reduce capacity lo&3Ebatteriesdue to high temperatures and
charging (Ref. 6)

BE\$ are constructed witla small amount ofare minerals. Réucing the use of rare minerals BEV

construction is happening.

In areas where most electricity is generated by burning coal the carbon emissions caused by electric cars is
sizeable, but still smaller than the carbon emissions cé&ibbgemost gasoline car Fortunately, generating
electricity by burning coasideclining and wiltop eventually When a house or an area gets all its electricity
from renewable energy sources, no carbon emissions will occur by dai\Bg/

Petrol vs Electric Vehicle Emissions (g CO2e/km)
Petrol (20 MPG) |

Electric (Coal)
Petrol (30 MPG)
Electric (Oil)
Petrol (40 MPG)
Petrol (50 MPG)

Electric (Gas)
Electric (Solar)
® Manufacturing M Petrol: Combustion ® Petrol: Upstream
® Grid: Plant M Grid: Upstream » Grid: Losses
Source: DEFRA (emission factors), EPA (ratings), IPCC shrinkthatfootprint.com

Electric vehicles cost more th&quivalent gasoline vehicles, but less or no more than most large gasoline/diesel
vehiclesThat is likely to change over the ndgiv years.



Electric vehicles have a largnass, the battery, below theeat, which mass pushes forward during a frontal
crash. Thus, for safety the front end needs to have a better crumple zone than an ICE vehicle to minimize
damage to passengershe battery cases amesigned such that damage to batteries during crashes is minimal.
There are three charging standards fortfelsarging:

o CHAdeMO

o CCS

0 Tesla Supercharger

When to Charge Electric Vehicles

T

=

¢ KS &5 dzO | nohsteddestéic g@nerdlibn in the US versus time of day
(http://www.greencarreports.com/image/100465172 duckirve-of-energygeneratiorimagegreentech
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......

Megawoth

"~ 120m Jam e oam 125m 3pe s Spm

media): i The daytime usage
will increase with time as more solar energy becomes availdhlisshows that it will bébest to charge elddc
cars between 3 AM and 6 Pa4 the Duck Curve deepens in daytime.

Modern BE\ have timers which shoulbe set to start after AM at home.

EmployeeCrars should be charged during working hours: 8 AM to 5 PM.

Charged vehicles could be used for storage of renewable energy during lataadter~3 PM to 6 PM, and then
feed the electricity back into the grid between 6 RNMd 11 PM and earn money for servings as electrical
storage.
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http://insideevs.com/deevsesfuture/ :

Est. charge ti

7hrs (SOC* - 0% to full)

. ‘BEV: 17hrs (SOC - 20% to full) BEV: 1.2 hrs. (

'PEV includes on-board charger (see below for different *DC Level 2 EVSE includes an off-board ch
types)

240V, up to 19.2 kW (80 A) 200-450 V DC, up to 90 kW (2

Est. charge time for 3.3 kW on-board charger Est. charge time (45 kW off:

PEV: 3 hrs (SOC* - 0% to full) PHEV: 10 min. (SOC*

BEV: 7 hrs (SOC — 20% to full) BEV: 20 min. (SOC—:

Est. charge time for 7 kW on-board charger

PEV: 1.5 hrs (SOC* - 0% to full) *DC Level 3 (TBD) EVSE includes an off-board ¢

BEV: 3.5 hrs (SOC — 20% to full) 200-600V DC (proposed) up

Est. charge time for 20 kW on-board charger Est. charge time (45 kW off-b

PEV: 22 min. (SOC* - 0% to full) BEV (only): <10 min. (S(
BEV: 1.2 hrs (SOC — 20% to full)

> 20 kW, single phase and 3 phase

voltages, not coupler ratings
ration operating voltage and coupler rated current
ant chargers, 150W to 12V loads and no balancing of Traction Battery Pack

ays starts at 20% SOC, faster than a 1C rate (total capacity charged in

Copyright SAE 2011
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Vehicle Distribution During the Week
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Batteries for Electric Vehicles
1 Modernelectric vehicles use lithiunon batteries. The anodes are usually solid carbon or graphite. The cathodes

Tahle |. Characteristics of some positive electrode materials.™

Material Specific capacity  Midpoint V vs. Li at Comments
mAhig Cran
Li[?nﬂt 155 38 till the most common. Co is
BXPENSIVE,
LiNi,.,Mn Co 0, (NMC}) 140-180 =3.8 Capacity depends on upper

woltage cut off. Safer and less
expensive than LiCo0,

LiNi GOy, 8l a0 200 373 High capacity. About as safe as
(NGA) LiGa0,
Likn,0, (Spinel} 100-120 405 Poar hight temperature stahility

(but improving with R&D). Safer
and less expensive than LiCa0,

LiFePO, (LFP) 160 345 Synthesis in inert gas leads to
process oost. Wery safe. Low
volumetric energy

Li[Li, gNi, Mn ] 0, 275 38 High specific capacity, R&D
scale, low rate capability

LiNigMn, O, 130 48 Hequires an elecirolyie that is

are variable gtable at high voltage
Cell Maker Chemistry Capacity Configuration Voltage ~ Weight = Volume  Enerdens  Spec Ener Used in:
Anode/Cathode Ah Vv Kg liter Whiliter Whikg Company  Model
1 AESC G/LMO-NCA 33 Pouch 3.75 0.80 0.40 309 155 Nissan Leaf
2 LG Chem GNMC-LMO 3% Pouch 3.75 0.86 0.49 275 157 Renault Zoe
3 Li-Tec G/NMC 52 Pouch 3.65 1.25 0.60 316 152 Daimler Smart
4 | LiEnergy Japan G/LMO-NMC 50 Prismatic 37 1.70 0.85 218 109 Mitsubishi ~ i-MiEV
5 Samsung G/NMC-LMO 64 Prismatic 37 1.80 0.97 243 132 Fiat 500
6 Lishen Tianjin G-LFP 16 Prismatic 3.25 045 0.23 226 116 Coda EV
7 Toshiba LTO-NMC 20 Prismatic 23 0.52 0.23 200 89 Honda Fit
8 Panasonic G/NCA 31 Cyfindrical 36 0.045 0.018 630 248 Tesla Mode! S

9 Batteries lose capacityith usage The major cause for constant temperature is miles driven or, equivalently the
amount of chargig. High temperatures accelerate capacity losBEbbatteries must be cooled, preferably by
liquid rather than by ai (Ref. 27)

1 The Nissan LEAF has 12 battesipacity barshat disappear as the batterps$es capacity according to the
followinggraph which shows the capacities at which the first seven bars disappear:
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Nissan LEAF Battery Capacity (%)
100
90 SN
80 \-\
70 *1
60 e
40
30
20
10
0
012 3 456 7 8 9101112131415
years
=—Remaining @ Capacity Bars The assumption is that the LEAF is driven

12,000 miles/yearOther electric cars probablyavea similar capacityoss curve as the red curv@ef. 31)
Nissan has a battery warranty fire LEAF that deals with battecapacity losand a batteryreplacement
program (Ref. 32)Car dealers who sell electric cars need to provide a curve similar to the one above to
prospective buyers so that they understand that batteries will lose capasitiiey are driven.

1 After BEVbatteries have lost sufficient capacity that they are not usefuB&k they can be used by power
companies and ofgrid buildings as storage for solar and wind ene(Bgf. 29)After they have lost sufficient
capacity thathey are not useful for storage they will be recycled. (Ref. 30)

1 Why batteries faillfttp://www.youtube.com/watch?v=9qi03QawZEk#t=24

The curves are the inefficiency of charging didithy the chargingycle time, a universal curv&he higher the
curve the more the battery capacity decays with time. Nissan LEAF and the Chevy Volt use 5098 béttes\2
type and 50% of the"battery type. The Volt is thermally managed bicaid coolart and the LEAF is noesla
has chosen the best battery for high charging efficie(@PC = 14€F, 50C = 122, 40°C = 104°F, 30°C = 86°F)
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9 Battery prices are decliningttp://insideevs.com/declinirbatterypricesboostelectriccarmarket/);

Estimates of costs of lithium-ion batteries for use in electric vehicles
2000 - =
1900 95% confidence interval, whole industry
1800 95% confidence interval, market leaders
1700 R . + Publications
1600 X 0 News items with expert statements
é 1500 Y4 -« Log fit of news, reports, and journals: 12+6% decline
= 4400 | \ X Additional cost estimates without clear method
g 1300 X ® Market leader Nissan Motors, Leaf
2 1200 O Market leader Tesla Motors, Model S
3 1100 o Other battery electric vehicles
é 1000 . = = Log fit of market leaders only: 8+8% decline
900 = |_0g fit of all estimates: 1416% delcine
800 Future costs estimated in publications
700 <$150 per kWh goal for commercialization
600
500 A
400 - A
300
200
100
2005 2010 2015 2020 2025 2030
Bjorn Nykvist and Mans Nilsson, 2015

Cooling Batteries
1 http://insideevs.com/teslaor-gmwho-hasthe-bestbattery-thermalmanagementower/
1 http://www.technologyreview.com/view/429282/arair-cooledbatterieshurting-nissanleafrange/

Other Considerations

1 Inthe future | plan todaseor buyBE\$ with reflective exteriors anihteriors because of the faster battery
capacity loss with heat.

1 BEM need to come into common use as soon as possible because extradiiaocked tightcrude oil to make
gasoline ad diese] andfracked shal@atural gaswill peaksoon Those hydrocarbons will need to be reserved
for making useful items and for fuel for large truekel airplanesEventually biofuels will need to be reserved
for trucksand airplanesnot used in cars(l believe the best biofuaé$ biodiesel, preferablynade from algae
andor bacteria)(Ref. 17)

1 The source of electricity fdE\$ needs to switch to solar and wind as soon as possible beoéibesses and
climate changeaused by emissi@from fossifuel power plants and the dangers and high costs of nuclear
energy.

9 Traffic will change considerably when a large fraction of personal caBEage The higheBEVacceleration will
separate outhe BE$ from theclumps ofgasoline vehicle@CE)on roads Drivers oBE will be aggravated
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when they are held back behind sliywaccelerating CE. Will traffic-light<synchronization be set fE\ or
for ICE, as they are nowd/ill special lanes at traffic lights be restricted to electrics@ar

1 Communities will become intolerant of the noise madelGfs after they get used to the low noise BE\S.

1 ManyLevel2/240-volts charging stations provide free electricity to users because transaction costs are more
than reasonable pcies for the electricity used. Shopping centers, hotels and other businesses view them as
incentives for their customers tshop there Businesses view them as benefits for their employees. In my home
town of Blacksburg VA seven of the nine limbhevel?2 charging stations didiot charge a fee for usage in 201

T Craid OKINBAYy3 aidlitraz2ya FINBE o0SAy3 SaidlofAakKSR da |

9 After along time driving BE\t is very aggravating to drivem ICEwith its noise, heat, pollution, slow
acceleratiorand knowing that one is burning a valuable hydrocarbaimen one thinks about it, it seems very
strange to explode a hydrocarbon in an enginedovert linear motion to rotatioal motionto providelinear
motion of the vehiclé

1 Several of my friends have driven iissanLEAFRNd Bolt E\And they have all been suiiped at how well they
handle their high acceleration antibvel ofcomfort.

1 There are ethical issues about uspuplic charging stations. See Ref. 34 for a discusdiBublic Charger
Protocol.

Buying/Leasing an Electric Car

| leased a 2012 Nissan LHE&Rhree yearsand a 2015 Nissan LE#F 2 yearsbecause the technology, especially for
batteries, used in electric vehiclasschanging rapidly. Also, batteries lose capacity with time; it is better to Haave t
car manufacturer take care of thavhen a leased car is turned dm the end of a lese. Consumer Reports recommends
leasingBE\ for the same reasons, the first time they have recommended leasing a car. (Ref. 3)

Returning a leased car to a car companly force companies to devise battery exchange programs faster than they
would otherwise. (See the section below about battery exchanges.) After robust battery exchange programs are in plac
and the technology settles down, buying might become a bettey twadrive an electric car.

Buying a Used Nissan LEAF
Here is a web page that contains advice for prospective buyers of used Nissan LEAFS:

http://www.roperld.com/Science/NissanLEAFUsed.htm

AWD Electric Car
Tesla started selig an AWD TeskModel Xin 2015 (Ref. 34 In laker years several other car cqanies are planning
AWD BEVs.
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Future Possibilities for Electric Vehicles

1

Battery-battery hybrids Tesla has patented the concept of using a lithiom(LI) battery (medium energy
density and high power density) Wit lithiumair (LA)attery (high energglensity and medium power density).
The LI battery would be used to provide energy dulirigf driving periods requiring high power (accelerating
and climbing hills) and the LA battery would bedise provice enegy duringperiods requiring low power
(cruising).The LA battery also can recharge the LI batt@Ref. §
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Battery ExchangeNissan and Tesla have mentioned future plans for battery exchange prograers. are two
versions: temporary battery exchandering a trip and permanent battery exchange when the original battery
energy capacity gets too lofL.owcapacity batteries will be used as energy backup for renewable energy, such
as solar and win)lThe auto companies need a battery exchange programefiorbish leasedBEé when they

are returned with partidl depleted batteries. Eventuallthey will desigBE\é so hat batteries of larger

capacity can replace batteries of lower original capa¢Ref. 89 & 10)

Wireless Chargingsarages and parkirgts can have wireless charging stations under the floor to wirelessly
send energy to the charger in a vehiddefew of these already exist. (Ref. 21)

No-Stop ChargingA charging station can be continuous in the pavementhargeBE\$ while they are maing

This would allow unlimited rang€This is already being done for buses on short repetitive roufBef12 & 13

o l 'i'i'i'i"'l
Power Line

VehicleTo-Grid (V2G) Electric vehicles can be used to provide power to the grid when they are not being driven
(e.0.,.S Y LX 2 &aS& jaadurihg afternoons when power demand is hgind receive power from grid when
electricity demand is lowAnBEVowner can earn money from such a system because electricity rates are much
higher during peak demand times than during low demantks.(Ref. 11)

Homepower backup(V2HY 9f SOGNR O GSKA Of SaQ eledriGpoviizhihckup whertthe o S
grid is down. Nissan has developed such a system for the LEA&stiflzarging station on grid power is

available within a few mileghe BEVcan be charged as necessa@y.company in New Hampshire makes such
o0l OldzLd aeadsSya T2NJ ¢2e 2 (deantaddqaicportabieé 3 & ¥ SINIReD ZANE 2 & (
Business electriciticost @vings(V2B) Hectric cars of employeesn be useds storage devices during lew
demand times to supply electricifgr the businessluring high demand timegRef. 25)

500-miles Range BatteryResearch on several new battery chemistries are aiming for al@é8 or longer
range.(Ref. 15
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1 Light-WeightBEVBodies Carbonfiber reinforced plastics can be used to greatly reduce the weigBEM
bodies, thereby increasing the range of a given battery. BMW is the first car manufacturer to do thiBEyr
the BMW i3(Ref. 22)

1 Automated Driving BE\$ are naturavehicles for autoramousvehicles because of ¢hhigh-power electronics.
NissanTeslaand other auto companielsavebeen experimating with automated drivingTesla already
markets an AutopilofRef. 2433

Plug-In Vehicles
To get a rough estimate for theesdtric range for a plugn car multipy the kWh for the battery bg or 4.

1 BEV Battery Electric Vehicle has no petroleum engine to help provide motive power. Examples: NissaasLEAF
a30-kwWh battery Tesla Model Bas a75-kWh, 85-kwWhor 100kWhbattery, BMW 8 has a33-kWh battery and
ChevroletBolt EVhas a60-kWh battery)

1 REXx: Rangextended electric vehicle. Examples: BMW i3/Rexa&kWh hour batery and small gasoline
generator, Chevrolet Volt hasl18.4-kWh battery and mediursized gasoline generator.
http://www.roperld.com/Science/BMWi3.htm

1 Plugin Hybrid: A gasolirelectric hybrid witha mediumsized battery. Examples: ForeMAX Energi has a6
kWh battery,Toyota Prius Plum has 8.8-kWh battery.

http://insideevs.com/oped-terminologybattle-ev-vsplugin/

Fuel-Cell Electric Vehicles
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How a fuel cell workshttp://insideevs.com/toyotamirai-explainedengineeringexplainedvideo/
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http://insideevs.com/hydrogerfuel-celltoyota-mirai-energy-efficiencycomparedto-bevs/

FCV vs. EV Energy Efficiency

« The EPA gives the Toyota Mirai FCV a range of 312 miles @ 67 MPGe = 4.66 kg of H2,
w At an average of ~80 kWh-per-kg using compressed elecirolysis, to produce 4.66 kg of H2 would require 279.4 kWh of electricity.
« Wihose 279.4 kWh were used to charge EVs at an average wall-to-wheels efficiency of ~77%, how far could they travel in comparison?
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My Future Electric Cars

=A =4 =4 =4 =4

| leased a 2012 Nissan LEAF SL on 7 May 2012 for three years.
| leased a 2015 Nissan LEAF SV on 4 March 2015 for two years.
I bought a 207 Chevrolet Bolt EV on 11 April 2017

| have put a deposit on a TasVlodel 3.

Eventually | wanha BEV with ~40iles or longer range.
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Current Electric Cars (2014)

Battery
Miles/Gallon Size
Make & Model Equivalent | Miles/kwWh Range (kwWh)
BMWi3 124 3.62 81 22
Chevy Spark EV 119 3.47 82 20
Fiat 500e 116 3.39 87 24
Nissan LEAF 114 3.33 84 24
Mitsubishi i-MIEV 112 3.27 62 16
Smart Electric 107 3.12 68 17
Kia Soul EV 105 3.07 93 27
Ford Focus EV 104 3.04 80 23
Tesla S 70D ? ? 240 70
Tesla S 85/85D/ P85D 89 2.48 265/270/253 85
Mercedes B250 e 84 2.45 104 36
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http://insideevs.com/plugvehiclecrosssectionacceleratior”30-mph-60-mph-ev-mode/
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http://insideevs.com/plugvehiclecrosssectionaccelerationl30-mph-60-mph-ev-mode/
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