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Gasoline versus electric refueling
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Types of charging connectors

Level 1 and 2 DC Fast

CHAdeMO

e Level 1: up to 1.1 kW — about 5-6 miles per hour

e Level 2: up to 20 kW (but mainly 6, 6.6, or 7.2 kW) — about 25-30 miles per hour

e DC fast charging: 50-400 kW (but mainly 50 kW or 120 kW) — between 150 to 300
miles per hour




Charging standards: SAE J1772

* The Society of Automotive
Engineers (SAE) is a
professional association
and develops standards for
a variety of equipment

« SAE J1772 Is the interface
standard for plugging into
an electric vehicle

« Accommodates both Level
1 and Level 2 charging




Level 1 and 2 (and 3)

L1 -ACLinel
N — Neutral for Level 1, AC Line 2 for Level 2
PE — “Protective Earth” (ground)

PP — “Proximity Pilot”, indicates that the plug is
present (prevents vehicle from moving)

« CP —“Control Pilot”, communication between vehicle

and EVSE
Max. current Branch circuit Max. power
Charge method = Voltage, AC (V) Phase N ’ breaker rating P
continuous (A) (A)l (kW)
AC Level 1 120 1-phase 12 or 16 15 or 20 1.44 or 1.92
AC Level 2 208 or 240 1-phase 24-80 30-100 5.0-19.2
AC Level 3.l 208-600 3-phase 63-160 80-200 22.7-166


https://en.wikipedia.org/wiki/SAE_J1772#cite_note-25
https://en.wikipedia.org/wiki/SAE_J1772#cite_note-27

Charging standards: CHAdeMO

« CHAdeMO additional elements
Include:
 FG: ground

« SS1/SS2: start/stop charging signal
sequence

N/C: not connected

DCP: vehicle grants permission to
connect power

DC+/DC-: DC power flow

C-H/C-L: communication protocol
between vehicle

« CHAdeMO is built to be capable of
vehicle discharge Sallowmg vehicle-
to-grid interactions




Charging standards: CCS

« CCS stands for “Combined @ @
Charging System” since it is
an extension of the J1772 .

Type 1/2 connectors
« CCS additional elements: @
« DC+/DC-: Electrical contacts for

DC electricity flow

-




Charging standards: Tesla

Current pin Current pin

* Tesla vehicles have their own
charging standard, uniquely
capable of both AC or DC input
current

Tesla Proximity

- Adapters allow for Teslas to use control  Ground .
Pilot lot

the J1772 and CCS standards

 Some governments are
requiring standardization, many
Tesla stations now have CCS
support




DC Fast Charging

DC FAST

EV CHARGING ONLY
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Even faster DC fast charging




How fast is a charger? Your mileage
may vary...

* ADC fast charger may not always
operate at its full charging speed!

* For example: if you are at a 150kW
charger at a station with 10 other
chargers that are all occupied, other
vehicles charging may affect your
charging rate!

* The ablility of EVSE to sustain its full
charging capacity depends on the
electric infrastructure upstream of it.
Can the transformer maintain voltage
and current demands?




Europe and Asia
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Charging standards: Type 2

¢ IEC 62196 Type 2 COI’]neCtOr |S the AC & DC charging connector Type 2

primary standard in the EU, it is the
analogue of J1772 in the US

» Configurations allow for 3-phase
power and lower DC power flow

max. 500V AC
3 X 63A
or 1 x 80A

max. 500V AC/DC
3 x 63A

or 1l x 70A DC

or 1 x 80A DC

max. 500V DC
1 x 140A

= 500V DC
1 x 200A
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Plug-In Around the EV World

Standard Plug Types:|

CEE 1/16

iHIIHII]H

Common Connector Types:

SAE JIT2 SAE JIT72 DC CCS Combo 1 Connector Type 1

Nemasas | LLEERRRERRRERRREREREREE e nne

IEC 62196 Type 2 EUDC CCS Combo 2 Connector Type 2

ev-institute.com

Disclai Use of ev-insti .com is at your own risk: We assume no Liability or responsibility for use of our site or for it’s content.




Automakers and charging types

CHAdeMO

Tesla
P 0 ©
| - 00 o
cm) ccs
f\ N T
\/ Jeep
This looks skewed, but don’t be I
deceived! Both Nissan and Tesla —_— ...But both Nissan and Tesla are
have both sold more EVs than moving towards CCS
most other automakers @
HYURNDAI

combined!
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Infrastructure deployment: home

)

NEMAS5-15 Outlet




How many homes can support
charging?
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How might access change over
time?
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Infrastructure deployment: work

« Companies have
been providing
workplace chargers
as an employee
iIncentive/benefit

« Sometimes requires
Interesting charging
etiquette!







Public Chargers in Davi
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Chargers in California

» >75,000 public chargers in
California

« >10,000 DC Fast Chargers

 For reference: ~8,000 gas
stations across the state

-
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Chargers m the US
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Breakdown by network (old!)

US EV Public Charging Networks: # of DCFC Stations US EV PUBLIC CHARGING NETWORKS: DCFC STATION MARKET SHARE

Data Source: Alternative Fuels Data Center - March 31, 2019 DATA SOURCE: ALTERNATIVE FUELS DATA CENTER - MARCH 31, 2019
Chart: Loren McDonald/EVAdoption.com CHART: LOREN MCDONALD/EVADOPTION.COM
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Infrastructure costs - Level 2 Home

’ Usua”y the majority Of the COSt Fig. 1. Home Charger Installation

IS related to the hardware Cost per charger
(though many utilities actually 1 400
cover this cost in CA!) 0
 There can be substantial 1,000 - Permiting

variation in cost if a panel needs
to be upgraded (20 Amp circuit
to a 40 Amp or 50 Amp circuit)

$800 = Mobilization

$600 Electrician labor

$400
¥ Other Hardware/

$200 Materials

¥ Charge Station
Hardware

$0
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Infrastructure costs - Level 2 Public

Fig. 3: Curbside Installation
Cost per charger, thousands USD

Fig 2: Parking Garage Installation
Cost per charger, thousands USD

Permitting
5 “ Mobilization
4 " Other Labor
5 " Electrician Labor
) % Other Materials
" Electrician
1 Materials
" Charge station
_ hardware

Single Five
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% Other Labor
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" Electrician

Materials

" Charge station
hardware
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Infrastructure costs — DC Fast Charger

* Infrastructure gets more
expensive at higher charging
Speeds!

« DC fast charging requires an
expensive, high-voltage
transformer to transform AC
power from the grid into DC
power for the battery

« Substantial portion of the cost in
Installation (digging trenches for
wiring)

Fig. 4: Curbside DC Fast Charger Installation
Cost per charger, thousands USD
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LevelZ |Level2 |Level2 | DCFast | Description/Key Assumptions
Home Parking | Curb- Charging
Garage | side
Charge $450- $1,500- | $1,500- | $12,000-
station $1,000 | $2,500 | $3,000 | $35,000
hardware
Electrician $50- $210- $150- $300- * $1.50-2.50/ft for conduit and wire, plus
Materials $150 $510 $300 $600 misc other materials
* $50-80/hour (per dist?)
Electrician $100- $1,240- | $800- $1,600- | * $500-1000 if new breaker is required
Labor $350 $2,940 | $1,500 | $3,000 * Assume 2x electrical cost for level 3
Other $50- $50- $100- » $25-100/ft for trenching/boring—
Materials $100 $150 $400 depends on surface, soil, and underground
complexity
* Mounting, sighage, protection, and
restoration also included here, but don't
Other Labor $250- $2,500- | $5,000- usually contribute more than a few
$750 $7,500 | $15,000 hundred dollars
Transformer | NA NA NA $10,000- | » 480V transformer installed by utility
$25,000
Mobilization | $50- $250- $250- $600- * Home: 1-3 hours of electrician time for a
$200 $500 $500 $1,200 home installation
* Public: $250-500 of time for 1-2
electricians and other labor. We found that
the work could usually be completed in a
single visit from each contractor.
Permitting $0-$100 | $50- $50- $50- * Varies city to city, often a flat fee for one or
$200 $200 $200 several stations
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“Make-ready” infrastructure

« “Make-ready’ is a catch-

all term for all of the s
Infrastructure upstream Overcaren —
Of the EVS E u n It - Substation; ;‘j\:_:\\\ Spggttig(rg?irz‘e/r Step-down Transformer

* May or may not count -

portions of the |
Infrastructure paid for by (it DO
utilities (depends who
you talk to)

* Depending on the unique
properties of the site,
make-ready
Infrastructure may

e n CO m p aSS d Iffe re nt *Meter may be located on the other side of the transformer
things
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Installing EVSE

 Trenching, conduit,
pipeline, wiring costs
(construction and
material costs) can be | [z
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A case study of installation costs at
CA rest stops

* Estimates of costs shown 600,000
earlier tend to be a lower ss0000 [
bound—-but they can _ 400000 .
reach as high as = s300000 n
hundreds of thousands of ¢

]

$200,000 PR
dollars I

$100,000

* Why are these costs l

S0

. . Camp Roberts Westley SRRA Moon Lim Lee ~ Erreca SRRA Clyde V. Kane + Williow Creek  Caltra
|mportant to estimate from (N&S)+  (NS) "RRA  (N&S)+Lodi Velley Wells Maintenance  Distrct 6
Shandon SRRA Park & Ride  SRRA (Both Stt District Office
- - East & &
a policy perspective? westoun
B EVSE Cost Electrical
Labor Site Preperation
B Traffic Mgt M Irrigation facilities (unrelated)
B Other
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Tier ¥
Up 1o 100%
of Baseline
Allocation

26¢

Tier 2
101-400%
of Basebe
Allocation

33¢

>400%
of Baseline
Allocaticn

41¢

Residential elec

Pacific Gas and
Electric Company

Time-of-UseRatePlans

Time-0f-Use
(Peak Pricing 5-8 p.m. Weekdays)

Time-0f-Use
(Peak Pricing 4-9 p.m. Every Day)
(E-TOU-C)

Summer Season
June 1-Sept 30

ON-PEAK
OFF-PEAX

OFF-PEAK

Winter Season
Oct1-May31
P
OFF-PEAK ONPERX  oerpeax
308
23¢

(E-TOU-D)

Summer Season
June 1-Sept 30

ON-PEAK

OFF-PEAX

o D B e S | S O ! i
12am 5 p

Winter Season
Oct1-May31

OFF-PEAK

30¢

38¢

m

OFF-PEAK

~
1 ' ] ] ]
spm 124

ON-PEAX

OFF-PEAK

tricity rates
@ SMUD

WINTER (oct. 1 through May 31)

U=
sy
Customers with
plug-in electric
vehicles receive
arate of
$0.0819 kWh
between mid-
night and 6 a.m.

30cents
25
20
$0.0969 kwh $0.1338 kwh $0.0969 kwh
s | | !
|
&
10 Peak
Q Q
Off-peak Weekdays Off-peak
5 « Weekdays noon to 5 p.m. 5p.m.-8p.m. « Weekdays 8 p.m. to noon
« All hours weekends and holidays
l o (1 (&)
@) 5 8 (12) (6)
NOON P.M. P.M. MIDNIGHT AM.

SUMMER (June 1 through Sept. 30)

30cents

25

20

10

$0.1611 kwh

l

Mid-peak

= Weekdays noon to 5 p.m.

$0.2835 kwh
Peak
$0.1611 kwh C==
Weekdays s~
5p.m.-8p.m. 1 C. O .
ustomers wit!
. $0"66 kWh plug-in electric
Mid-peak IS vehicles receive
* Weekdays Off-peak arate of
8p.m. to - Weekdays $0.1016 kWh
midnight midnight to noon between mid-
« All hours weekends | Nightand 6 a.m.
and holidays f‘\_/
0 —0 (12 (6)
P.M. P.M. MIDNIGHT AM.
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Public charging rates

m— [ .
.= electrify
Y r=sL~A J amercd

Tier 1

HOME
PRODUCTS

LOCATE A CHARGER

HOW IT WORKS

Guest and Pass Members
$0 session fee

$0.43/kWh

MOBILE APP

Tier 2 Tier 3 Tier 4

Pass+ Members

$0 session fee

Charging at or

below 60 kW

Charging above 60 kW, Charging above 100 kW,

at or below 180 kw

Charging above

at or below 100 kW 180 kW $0.31/kWh

. . . . plus $4 monthly fee
Lowest price per Second-lowest price Second-highest price

Highest price

minute per minute per minute per minute

EVgo Fast Charging Pricing

S0.17/min
@60kW:
S0.17/kWh

S0.45/min
@100kW:

$0.27/kWh

S0.84/min
@180kW:
S0.28/kWh

S1.35/min
@250kW:
S0.324/kWh

(tA"i Bay Area

)

Pay As You Go

Recommended for occasional charging

EVgo Member

Recommended for 1x month charging

EVgo Plus™

Recommended for the lowest rates

Starting at Starting at Starting at
Idle fee (per minute) when $O 29 $O 29 $0 25
" g e | | n n
Country Currency || ldle fee (per minute) the station is 100% per ey per ey perlcwhy
CPCCUpiEd Rates in CA vary based on Time of Use (TOU Rates in CA vary based on Time of Use (TOU Rates in CA vary based on Time of Use (TOU
. @ session fees» $1.99 @ session fees» $0.00 @ session fees $0.00
United States LUsD $0.50 $1.00
@ prepaid charging credit » $0.00 @ prepaid charging credit » $4.99 @ prepaid charging credits $0.00
Ca nada L8] SC ¢ -l OO @ monthly subscription » $0.00 @ monthly subscription » $0.00 @ monthly subscription $6.99
@ reservations» $3.00 @ reservations» $3.00 @ reservations $0.00
Sign Up Sign Up Sign Up
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What is the business case for EV
chargers?

* Let's assume that businesses want a 3 to 5-year payback

period for any investment they are making. How do EV
chargers fare?

» Consider a $100,000 charger that makes $0.30/kWh selling its

electricity, how often would the charger need to be occupied to
make Iits payback?

-
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Wireless charging?

* Wireless (or inductive
charging) uses _
electromagnetic induction to
generate electricity through
Inductive coupling

« Magnetic field is create that
creates in AC current in the
vehicle’s induction coill

* Not a theoretical technology,
It already exists! However,
there are many challenges:

« More expensive than
comparable chargers

« Gap to vehicle leads to low
capacitance

« Generally inefficient

Communications:
SAE J2847/6

EVSE Power
Converter & Control
(SAE J2954)

Wireless Power Transfer:
SAE J2954 (VA & GA)

Ground Assembly (GA)
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Battery swapping?!

* Solves issues related to
charging time—likely similar
to the gas station model

* Many challenges remain:

« Many studies point to issues
with achieving positive
economics (needs more
batteries to handle flow, but
more batteries = $$%)

« Standardization of battery
types

« Must have specific vehicle
designs
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