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EV Charging Strategies
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Explore the electric future

Portion of the work presented here was funded by
Department of Energy and Minnesota Pollution Control Agency
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What do | do: ;}o

»

Plug-in vehicle market and PluginConnect

business development e e ey
www.PluglnConnect.com |y

Charging information for

condos and apartment buildings
www.MultiHousingCharging.com

Woarkplace EV muglng p rovides
value 1o af stakehol

Charging information for workplaces
www.WorkplaceCharging.com

MN Plug-in Vehicle Owners’ Circle

www.pluginconnect.com/mnpevowners.htmi

EV market expert at Fresh Energy
www.Fresh-Energy.org

FreshEnergy
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Where the Average American’s
Carbon Emissions Come From

Home Heating
and Cooling
17%

Other Home

Transportation Energy Use
28% 15%

Stuff You Buy
26%

Union of Concerned Scientist, 2014
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MN PEV Owners Circle
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Average fuel economy for new
vehicles sold.
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Annual energy consumption
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CARBONCOUNTER.com | Carsevaluated against climate targets
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Gasoline combustion engine vehicle

— with EB85 for flex-fuel engine

Diesel combustion engine vehicle
Hybrid electric vehicle

Plug-In hybrid electric vehicle

— with federal tax refund

Battery electric vehicle

— with federal tax refund

Fuel cell vehicle (hydrogen: natural gas)
— with federal tax refund

— with hydrogen from electrolysis
Sales-weighted avg. (new cars; basic trims)

b) Vehiclt'a price only
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Electric era in transportation is coming.

The HAPPIEST DRIVERS
on the PLANET

» Over 500,000 plug-in
vehicles on US roads.

» About 4000 PEVs in
MN. Over 30 million
gas free miles in 2016.

» Very high satisfaction: Over 90% of owners say
their next vehicle will be a PEV too.

» People are hesitant to try new things but we are
approaching the tipping point.

www.PluglnConnect.com



EV Technology Fun Facts

vV Vv Vv Vv

vV Vv Vv Vv

EV drivetrain technology is four times more efficient
than the traditional ICE drivetrain

Nearly instantaneous heaters provide
cozy winter driving

Preheating offers a new level of comfort
Electric 4WD is more efficient than 2WD
More torque means better performance

Whisper quiet powertrain moves the world’s quickest
family sedans and SUVs.

DC Fast Charging provides quick range extension
Zero local emissions greatly improves the air quality
Solar and wind can power your drive

Autonomous vehicle technology is advancing fast

www.PluglnConnect.com
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https://www.youtube.com/watch?v=vk2cdwpg0jI

EV maintenance advantage

Maintenance Schedule
for your 2017 Chevrolet Bolt EV
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Plug-in vehicle types

» Plug-in Hybrid Electric Vehicle (PHEV) _z=wmw
(extended range EV) -

> First miles (10-50 miles) electric and then ICE turns
on and takes you further ( 300-500 miles)
- Examples of vehicles: BMW i3 Rex,
Ford C-Max Energi, Chevrolet Volt

» Battery Electric Vehicle (BEV)

- All miles always electric (Range 80-315 miles)

- Examples of vehicles: Nissan Leaf, BMW i3, Ford
Focus Electric, Tesla Model S

www.PluglnConnect.com



Models available in MN
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Plug-in vehicles available in Minnesota (December 2016)

Manufacturer Range Charging speed (miles/hr) Performance
Price after Toral Level 2 Accel.
PEV Battery Federal tax | federal tax |Electric Range| Range | Charging | Levell | Level2 DCFC Top Spd | 0.60 mph Crash
Name Model Photo Seating Type |size (kWh)| Base MSRP credit credit (miles) (miles) | Rate (W) | 120v 240v 400+v MPGe/MPG (mph) (sec) Rating
Audi A3 E-Tron Q 5 PHEV 9 $38,900 | $4,168 $34,732 17 430 33 2 8 N/A 86/39 130 7.6 NR
sMw i3 .wli 4 BEV 33 $43,600 $7,500 $36,100 114 114 (180)) 7.4 5 27 166 124 (39) 93 7.0 4 star
smMw i w B PHEV 7.2 $141,000 $3,793 | $137,207 15 330 33 3 7 N/A 76/28 155 4.2 NR
-
sMwW X5 xDrivedOe w S PHEV 9 $62,100 $4,700 $57,400 14 540 33 2 5 N/A 56/24 130 6.5 NR
sMw 330€ m 5 PHEV 7.6 543,700 $4,000 $39,700 14 350 3.7 3 8 N/A 72/31 130 5.9 NR
Nissan Leaf 6 5 BEV 30 $30,680 $7,500 $23,180 107 107 3.3 0r6.6 5 1lor22 152 114 90 10.1 S star
Porsche Panamera S E-hybrid ;‘; - ) 2 PHEV 9.4 $77,000 54,752 $72,248 16 540 3 3 6 N/A 65/25 167 5.2 NR
Porsche Cayenne S E-hybrid i' i I ’il S PHEV 108 $93,000 $5,300 $87,700 14 480 3 3 6 N/A 65/25 151 54 NR
Tesla Motors Model s @ -5 BEV 60- 100 $68,000 $7,500 $60,500 210-315 210-315| 100r20 B 60 375 101 155 28 S star
Tesla Motors Model X & 7 BEV 75-100 $90,000 $7,500 $82,500 238-289 238-289| 100r20 4 55 341 92 155 32 Sstar
Toyota Prius Prime ﬁ 4 PHEV 88 $27,100 $4,500 $22,600 25 640 33 6 13 N/A 133/54 155 3.2 NR
Volvo XC90T8 a 7 PHEV 9 $69,000 54,600 $64,400 14 350 33 2 5 N/A 53/25 125 5.9 NR

This table was updated in December 2016 by Jukka Kukkonen, PluginConnect. Photos and information sources: Manufacturers' websites and www.fueleconomy.gov More info: www.pluginconnect.com/MNpevmodels.htm|
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Upcoming models

—\ — i |
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Tesla Model 3

» 400,000 reservations
in 2 weeks!

» 200 miles range, $35,000, 0-60 under 6sec.
Options: AWD, Autopilot, Supercharging
» Deliveries start early 2018
» Competition out early 2017
Chevrolet Bolt and Nissan Leaf 2.0

www.PluglnConnect.com



Success stories

New plug-in passenger car registrations in Norway

5k | | 50%
4k I I 40%

3k

30%

2k 20%

1k 10%
Inside EVs

k 0%
TI S I IIIII IS ILLA9499989949y
E2 85553258325 :285RE53208285%¢
Registrations === Previous year — Market Share in %

Graph: leEVs www.PluginConnect.com



US Large Luxury Car sales

Model 2015 Sales 2014 Sales % Change
Audi A7 7721 8133 -5.07%
Audi A8 4990 5904 -15.48%
BMW 6-Series 8146 8647 -5.79%
BMW 7-Series 9292 9744 -4.64%
Jaguar XJ 3611 4329 -16.59%
Lexus LS 7165 8559 -16.29%
Mercedes-Benz CLS-Class 6152 6981 -11.88%
Mercedes-Benz S-Class 21934 25276 -13.22%
Porsche Panamera 4985 5740 -13.15%
Tesla Model S 26566 18480 43.76%
Total 100562 101793 -1.21%

'.:\’g,\\ S "
ssion

Info: EV Obse\\55|
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PHEV version sold 59% of
Outlander sales in Europe

www.PluglnConnect.com



Charging patterns

Opportunity charging
* Range comfort (BEVs)
‘ Public e Extra electric miles (PHEVs)

Daytime charging
Workplace  Range extension and flexibility

- charging * Preheating and cooling
- * Range comfort

" Home Main charging
charging * Overnight charging
* Preheating and cooling

www.PluglnConnect.com



How to charge an EV?

Level 1 Level 2
120 Volt 240 Volt DC fast c

Pictures: Bosc;l;l_’,»'?fi. B —
Clipper Creek, www.PluginConnect.com
ChargePoint, ABB



Real life energy costs example

Jan 2012 — Dec 2012

L4 2 ;
My neighbor comparison
Dec1—Dec 31
1,663 kWh You 978 kWh
All neighboers 1,145 kWh
Efficient 696 kWh
View each day
1,247
(o)
832
(o \q o O
© o = O @ QO
416 O o -~ -
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
7 B You
O B Al neighbors
Neighbors Weather I Efficient neighbors

Vho are my neighbors?

Graph: Xcel Energy www.PluglnConnect.com
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PEV vs. ICE household math test
assumptions and answers

+11,000kWh/year « 3 miles/kWh
+13,500miles/year » 8, 100kWh

+ 1.8 drivers/household » 25%

» 24,000miles/year +$2.5/gallon

+» 25MPG » $2,425
» 970 gallons +$0.07
+33.7 kWh/gallon » $570
+33,000kWh » $1855

AN
m www.PluginConnect.com



EV Charging for Multi-Housing
and Commercial Properties

www.PluglnConnect.com



BENEFITS FOR BUILDING OWNERS /
MANAGERS

» New service product

» Client attraction and retention
» Future proofing the property

» LEED points

» Property value increase

» Green credentials and publicity

www.PluglnConnect.com



How to future proof your property?

California Green Building Standards Code 2014

» Residential buildings
- 3 % of parking spots
- 208/240V 40A circuit breaker
> Conduit that can carry 208/240V 80A wiring

» Cost estimates:
- $53 for single family homes
> $110 for multi housing buildings

www.PluglnConnect.com



@ LEED v4 Credit 8, Green Vehicles

1 Point for Green Parking and Electric Vehicle

Charging

» Designate 5% of all parking spaces for green
vehicles

» Install Electric vehicle Supply Equipment (EVSE) in
2% of all parking spaces used by the project.

» The EVSE must:
- Be Level 2 (208/240V) or higher
- Use standardized connector (J1772)

- Be networked and be capable of participating in a
demand-response program or time-of-use pricing to
encourage off-peak charging.

Source:
LEED Referer

www.PluglnConnect.com



Considerations

» Electrical service
» Breaker panel capacity
» Future expansion

» Proximity to the
electrical service

» Safety

» Cord management
» Connectivity

» Lighting

» Sighage

www.PluglnConnect.com



Workplace Charging Simple concept

Low installation WPC

| Dedicated parking costs

X ) Simple

~ Affordable stations |

Flat monthly fee Mostly Level T
— N "~ No ongoing network
| Public stations q fees

‘\ provide flexibility )

Payroll deduction

www.PluglnConnect.com



Resources

Practical processes

1o PEV charging

A growing number of people are choosing to drive electnic vehicles and plug-in hybnds. These vehicies need to be charged at home rather than filled
up at the gas station. In single famify homes, EV charging systems are very straightforward to choose and install. Multi housing charging (MHC) can

workplaceCharging.com

HOME EV OWNERS EMPLOYERS BLDG OWNERS/MGRS UTIUTIES RESOURCES ABOUT US

N

3
'
—

Workplace EV charging provides
value to all stakeholders

www.PluglnConnect.com



Metering and Payment Systems Ta
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Multi Housing Charging worksheet

Maritbrnngl
MR HOUMRY CRMIgvg waihs el

£ o Loy

Pt = 0 s o b i e St e bt S P St e o

e .--«-—-—--.—.—-...- Stm e
> o vhat o it § | d
P s ot s ot 3 g

-~ e
S = ———— b0t ¢ P ot P
St | it ol mg v e B st o
o gy b e Al e o B s o g

e o steet o 10 1) e b ey S s o M et
e —— b

——— |
— it e T

L Ll o el T ———

T Thw |

VitimonreCregeg cav 1320

Sere o
. e —
—
. —— o
e -
e
——

-
o 4y v

s v s | s 4
—-—

e T« saate & e s vew —— v e P

~ro -t -

le

[ Lt 2 )

o s s

Yo et e vns e e

RS TS g b @ s

e bes
— T ST et i e s 2 e e
— g, L T b at vy et oy
s

b vt b ey o3 g gy Sy
- o M.
i o

Mottbeaie gt Saghy cae nass

Power and Energy Calculator tool

I earr g Ny ev meer

el

-........-‘..vv- -

3 om0}
‘l [ (———— 1

—.1-.-——-!— .

=
i

[y VS i

B

——— e e e t s = ———

www.PluglnConnect.com



MultiHousingCharging.com tools  muapmt sys table vr. 1.1
Metering and Payment Systems table

Communi- Time of
Who Compo- . . .
. cation Installation | Extra ongoing Day
Description does nents . Pros Cons
billing needed connec- costs costs me'le_rlng
tions possible
Connected to Utility Conduit and | No Low No Yes Simple, no extra None
1 | homeowner's wiring costs
existing meter
MNew, EVSE Utility Meterbox, Utility Maoderate, Monthly service | Yes Relatively simple, Some extra
dedicated, utility meter, company depending charge from utility does the installation and
2 meter conduit and | covers on utility uftility metering and ongoing costs
wiring company billing
setup
charges
Submetering Building | Meterbox, Depending | Higher, extra | Potentially Yes As accurate as Building
manager | meter, on the type | cost from communication utility metering manager has to
3 : - .
conduit and | of meter submeter costs, billing do the metering
wiring used labor and billing
Flat billing with Building | Meterbox, Depending | Higher, extra | Potentially Yes As accurate as Building
annual manager | meter, on the type | cost from communication utility metering in manager has to
4 | submetering conduit and | of meter submeter costs the long term, but | do the metering
based adjustment wiring used less billing labor and billing
than option 3
Flat billing with Building | Conduit and | No Low No No Simple, cheap Inaccurate, no
estimate manager | wiring system time of day
5 option, does not
take into account
charging outside
of home
Third party system | Service Conduit, Yes Varies based | Yes, often Yes Simple for building | Expensive,
and billing provider | wiring and on the consisting of flat manager and user, | ongoing costs
6 advanced service annual service provides more can in some
EVSE provider fee + data, enables cases be more
percentage of multiple users than electricity
billing cosis

This worksheet was developed as part of the Advancing Alternatives for Minnesota Drivers Initiative funded by the U.S Department of Energy.
Author Jukka Kukkonen, PluginConnect. For more information visit www._MultiHousingCharging.com .




Sharing experiences

» Over 20 case studies from the Twin Cities

MHC Case Studies

T /,—-,-/?"

www.multihousingcharging.com/case-studies.html

www.PluglnConnect.com


http://www.multihousingcharging.com/case-studies.html
http://www.multihousingcharging.com/case-studies.html
http://www.multihousingcharging.com/case-studies.html

Let’s dive in

» Choose the location

» Figure out the charging functions: home,
workplace, fleet, corridor, destination...

» Who will use it?

» Which stations would you use?

» How will users pay for the service?

» Who do you partner with to make this happen?
» Future expansion?

» Stakeholder benefits.

www.PluglnConnect.com



Societal benefits of PEVs

o

» Less energy produced
and used

» Local energy

» Cleaner air

» Curing our oil addiction

» Renewable energy
options

» Energy education

Photo: \ AT
MN Dept. of Comr www.PluginConnect.com



Q&A+0O

For more information visit:

PluginConnect.com
MultiHousingCharging.com
WorkplaceCharging.com

Jukka Kukkonen,

PluginConnect, LLC
jukka@pluginconnect.com
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