Solar and Electric Vehicles:
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What are the Opportunities




Megatrends in EV

Models:

US today, 40 / by 2020, 80

Price parity expected 2022, no subsidy
GM x20, Ford x13 by 2023

Volvo all, VW 80, Toyo all, MB all ...
Global in five years, 127 PHEV /BEV

Oil:

Exxon doubled forecast, OPEC sextupled
Diesel:

Banned in India, China, Norway, UK, France

Charging:
Electrify America $2B
VW Mitigation Trust $2.4B ($360M EVSE)

Investment:
Utilities proposing $100M investments

Electric-Car Boom
Models by style and range available through 2020
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Why Is This Important

CO2:
ICE is now largest source of emissions as wind
and solar green the grid and gas shutters coal

Smut:
White House covered in coal ash, cities and
states step in to clean up

RE:
Most economic source for new power
Requires grid flexibility

EV+PV+Wind:
Perfect match

America's New Pollution King
Transportation emissions have surpassed electricity emissions for the first time since 1978
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Takeaways

Utility or
LE-!." 50 Energy Monitoring and
. DM Charging Instructions
DRSM
Local -—
—_—
e | MY ® Gl
Smart Building / Campus Charging Stations
Enterprise can extend DR management to its

—— standard Energy Flow | Availability offices using local controllers.
———* Modified Energy Flow Enterprise manages employee authorization for
—————— = Communication charging. Notification services to employees If

they login to enterprise networks.



Why Shared Mobility?

1 TNC Vehicle=30,000+ miles/year 2.5 personal vehicles=30,000 miles/year




Project
Benefits:

150 Maven Bolts Result in
annual benefits of:

* 4.5 million eVMT
* 150,000 gallons of

gasoline saved

* 1,000 Tons of CO,

avoided




Advancing the Electric Vehicle Market in Colorado

Will Toor
Southwest Energy Efficiency Project

A

SWEEP



Automaker Investments in Electric Vehicle Development

*  Ford will invest $4.5 billion in electrified vehicles by 2020: including a 300 mile range fully electric SUV
and a F-150 hybrid

*  GM recently laid out a bold vision for a “zero crashes, zero emissions, and zero congestion” future,
announced plans for 20 new electric vehicles by 2023 — including two by 2019, and rolled out the
acclaimed Chevy Bolt across the U.S.

*  Toyota committed to having at least 10 new models of all-electric vehicles by the early 2020’s

- Daimler AG announced a billion dollar investment to build electric vehicles in the U.S. with production
starting in the early 2020’s

- BMW reached 100,000 in global electric vehicle sales while promising a dozen new models of electric
vehicles by 2025

Fiat-Chrysler to electrify portfolio (Wards Auto, July 2017)

Volvo announced that “all the models it introduces starting in 2019 will be either hybrids or powered solely
by batteries” (New York Times, July 2017)



http://wardsauto.com/industry/fca-flips-electric-switch
https://www.nytimes.com/2017/07/05/business/energy-environment/volvo-hybrid-electric-car.html

Figure 1: Lithium-lon Batteries Costs are Falling Faster than
Anticipated (From McKinsey & Co. — January 2017)

Average battery pack price

1000 0% Cheaper Batteries
’ Lithium-ion battery prices just keep falling. They're down 24% from 2016 levels.
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EVs growing rapidly in Colorado

*  41% annual growth rate 2012-2017
* Salesin 2017 up 53% over 2016

Where Are EVs Taking Off?

While California remains the country’s largest EV market in terms of cars on the road, it is no longer the
fastest-growing. More states are encouraging EV driving by offering incentives such as tax credits, HOV lane
access, utility rebates and special rate plans for EV charging.

Top 10 States

Total EVs in Operation
1. California
2. Georgia

Top 10 Metro Areas

Los Angeles

1
2. Bay Area

3. Washington 3. New York Metro
4. Florida 4. Atlanta
5. Texas 5. San Diego
6. New York 6. Seattle
7. Michigan 7. Chicago
8. llincis 8. Washington, D.C
9. Gregon 9. Detroit
10. New Jersey 10. Portland

W EV Growth EV Growth
1. utah 1 Las Vegas
2. Nevada 2. Kansas City
3. Nerth Carolina 3. Raleigh/Durham
4. Celorade 4. Denver
5. Kansas 5. Miami
6. New Hampshire 6. Phoenix
7. Pennsylvania 7. Philadelphia
B. Virginia I Top 10 states for total EVS in operation 8. Partland
9. Florida B Top 10 states for EV growth 9. San Diego
10. Arizona Top 10 metro areas for total EVs in operation 10. Los Angeles

@ Top 10 metro areas for EV growth




New state EV plan

Approximately 1,000,000 EVs by 2030
200,000+ EVs by 2025
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2017

Total Number of EVs in Colorado

2020 2025

940,000

2030




Key State policy issues

* Removing prohibition on utility investment in EV charging - encourage utility
support for electrification

* Demand charge reform
* Use of VW funds, CMAQ funds
e Continue $5,000 state tax credits for EVs

* Push back against Trump administration proposal to weaken clean car
standards



Key policies and programs: local

* Investing in charging stations
* Electrifying TNCs
— Oregon Uber- goal of 10% electric
* Discounted group purchase programs
— Very powerful tool for selling EVs
* EV ready building/zoning codes
* Local fleet purchases

* Ambitious local EV adoption goals



Contact Info

Will Toor
Transportation Program Director,
Southwest Energy Efficiency Project

www.swenergy.org

wioor(@swenergy.org

303-447-0078 x6

e ee—"

SWEEP


http://www.swenergy.org
mailto:wtoor@swenergy.org
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What are the Opportunities?



REV West MOU

* Regional Electric Vehicle Plan for the West
signed October 12, 2017

Intermountain West EV Corridor &@

., M

1-90

e CO, UT, NV, WY, NM, AZ, ID, MT

115

* Provides a framework for creating an
Intermountain West EV Corridor that will make D
it possible to seamlessly drive an EV across the )

Signatory States’ major corridors ',

25

* Recognizes EV infrastructure will increase access . :
to each state’s highways and promote tourism
and recreation in our rural communities |



Colorado Electric Vehicle Plan

» Released January 24
Colorado Electric Vehicle Plan

C E lectric Vehic le p la n to bUi ld Ou t IN SUPPORT OF THE EXECUTIVE ORDER, SUPPORTING

COLORADO’S CLEAN ENERGY TRANSITION | JANUARY 2018

key charging corridors that will:

« facilitate economic
development

* boost tourism
* reduce harmful air pollution

« Action #1: Build out Colorado’s
EV fast-charging infrastructure
through public-private
partnerships and in coordination
with other programs and funding
sources.




Charge Ahead Colorado -

Charge Ahead Colorado is a
partnership between the Regional
Air Quality Council (RAQC) and the
Colorado Energy Office (CEQ).

Provides grants for Level Il and DC
fast-charging stations across the
state and assists with purchase of
EVs in the 7-county metro area.
Visit
http://cleanairfleets.org /programs
/charge-ahead-colorado for more

info

Community Charging

Electric Vehicle Charging Stations, CO w

Map Source: CEO

GE 4
PN —
()@o | | |

REGIONAL AIR QUALITY COUNCIL



http://cleanairfleets.org/programs/charge-ahead-colorado

DCFC Corridors - Role of the State

* Stakeholder alignment

* Utility engagement

* Policy development

e Standardization

e Collaboration with local

government

* Incentivize public and
private investment

Source: CDOT



DCFC Corridor Considerations

30 — 50 miles between stations

1 mile or closer to highway

24 hour access

Restrooms, water fountains

Close /walking distance to restaurants, businesses, tourist destinations
ADA Compliance

Safety & Lighting

50 kW, Futureproofing to 150, 350 kW

Innovation with solar and storage

Consistent User Experience & Customer Service

Appropriate Signage



INL |

4kV to 35kV AC

— 430V AC
wee  High Voltage DC (e.g. 1,000V DC)

"ht o S(ale)‘ -

*Meter may be located on the other side of the transformer

Figure ES-2. Diagram of a multi-port DCFC complex with onsite ES and solar PV systems.



INL - Continued

men Sized for Future Upgrade
to 350-k\W DCFC Units and
Addition of ES and PV Systems

Step-down
Overcurrent  Transformer Load DCFC Units {with AC/DO)
Protecticn (AC/AQ)

Meter (Center each rated at 50 kW

A) DCFC complex with 50-kW chargers and no ES and PV systems at initial installation

DC/DC
Step-down Load Center DCFC Units and ES Onsite Onsite
Overcurrent  Transformer with AC/DC (with BC/DO) {harge  Energy DC/BC Solar
eachrated at 350 kW Contrel  Storage Converter PV Array

Caonversion

Protection {AC/AC)

Meter
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Zach Owens
Program Manager
Transportation Fuels and Technology

 gm
f The Colorado Energy Office

M @coenergyoffice
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—chargepoin+
ChargePoint Mission: EV Charging, Everywhere

Get everyone behind the wheel of an EV
and give them charging wherever they go. .

Out of Town

Convenient and connected

Work/Fleet Around Town  charging for home, work,
around town and out of
town.

© 2017 ChargePoint, Inc. 2



-chargepoim:
Largest EV Chargmg Network in North America

ONTARIO R QUEBEC

, 8 e %NIANA DAKOTA angsog 0
42,900+ R0 Gghio S
Charging Spots 0) e'dvomms
(650+ DC)
29M+

Charges Delivered

© 2017 ChargePoint, Inc. 3



—chargepoin+
Addressing Every Vehicle Charging Need

On Route

Mixed Use Home

Depot Mixed Use/Work Home Charging s On Route Charging
Dedicated vehicle Fleet vehicles and Drivers can Drivers can easily pay
charging in the employee personal charge vehicles at for and use public
depot parking area vehicles share home — home and stations that require

access to charging WP is where 80% payment (ChargePoint

stations or charging Card)

happens.
4

© 2017 ChargePoint, Inc.
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© 2017 ChargePoint, Inc.

02:00

—chargepoin+

06:00

08:00

10:00

12:00

14:00 16:00
Time of Day

18:00

20:00 22:00



—chargepoin+

Multi Level Power Management

Site Sharing

Power Managed at the Transformer/Site

Panel Sharing Circuit Sharing

Power Managed at the Panel Power Managed at the Breaker

© 2017 ChargePoint, Inc. 6



—chargepoin+

Example: Capital Savings with Energy Management

Capital Savings with Energy
Management Per Site

$16,000.00
$14,000.00
$12,000.00
$10,000.00
$8,000.00
$6,000.00
$4,000.00
$2,000.00
$-

© 2017 ChargePoint, Inc.

Business as Ususal

CapEx L'Savings

Energy Management

Over 60% CapEx Savings
Assumes 45 EVs at a single site

Significant cost reduction in:
* Electrical Panels

« Conduit and Wiring

* Transformer

Analysis excludes cost of installing stations
(this is common across both scenarios)
Key features:

* Scheduled Charging

* Panel Sharing
« Can Solar increase these savings?



—chargepoin+

Example: Fuel Savings with Energy Management

Annual Fuel Savings Per Vehicle

$900.00

$800.00
$700.00
$600.00 T

$500.00
$400.00
$300.00
$200.00
$100.00
$-

Business as Ususal

Demand Charge

© 2017 ChargePoint, Inc.

1
|
I
|
$411.49 :
|
I

I
i
i
I
i
i
i
I
i

Energy Management

Energy Charge L'Savings

57% Fuel Savings
Utilize utility off-peak energy rates
Significant demand charge reduction

Power allocation is flexible and will never
exceed a static or dynamic power ceiling



—chargepoin+

ChargePoint Vehicle and Station Data and Reporting

Measuring Success

Energy use (kWh) and cost
Peak Power Load, Average Power Load (kW)
GHG Avoidance and Gasoline Savings

Peak occupancy of stations

+
+
+
+ Utilization of stations
+
+ Charging session duration
+

Detailed transaction data

Integrate data into existing systems

© 2017 ChargePoint, Inc.

T

VY ‘




—chargepoin+
World Class Support

Station Support Driver Support
- B ~
-~ ~
| ~
I N
\

\
\

( -chargepoint - - - -

/ Drivers

-~y -
— —-—
§—J———

ChargePoint Services
Cloud-based solutions for
managing every application

Charging Driver Applications & Services
Stations Web, mobile, fleet card service

© 2017 ChargePoint, Inc.
10



—chargepoin+-

For questions:
lan.markovitz@chargepoint.com
303-902-5163

© 2017 ChargePoint, Inc. 11



Pressed Duck
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Thinking of buying
a Toyota Camry?

Car + Home Energy
Monthly Expenses: $715

$450

Car Loan Costs
{1.9% for 5 yrs)

Car Gas

$128

Home Fuel

Home Electricity

Approx. Loan Costs

Instead, consider
a Nissan Leaf (EV), Solar (PV),

Heat Pump, Energy Efficiency (EE)
Net Zero Home + Transportation)

Car + PV + EE + Home energy
Monthly Expenses: $715

$166

Car Loan Costs ‘

Monthly total of
loan payments

$715

(4% for 6.2 yrs)

$274

PV Loan Costs

$274

EE Loan Costs

U car Monthly Fuel Cost B Home Monthly Energy Costs

DENVER, CO

EV + PV + EE
Paid off in

0.2 years

Savings over 10 years*

$17,370

Savings over 25 years®

$06,820

Yearly CO,, reduction
18.51

*Minus axtra loan payments
until paid in full. Includes a 3%
anamy ascalation rate.

Leaf: $10,961 after mbates
Solar P\ $18,032 after rebates
Solar PV Capacity: B.4kW
Efficiency Upgrade: $18,032

2400 SgFt homea
10,000 car mil esyr
Camiry: $22.970

lR.AD IANT
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One pound of CO2

www.carbonvisuals.com



BOULDER NISSAN

DAILY CO2 EMISSIONS USING 904 kWh OF ELECTRICITY PER DAY

904 kWh creates 1,690 lbs of CO2

Each sphere is ONE POUND of CO2 and is 30.5 INCHES in diameter.
Dimensions of the stack are 25’ x 25’ x 43’




BOULDER NISSAN

AFTER INSTALLING LED LIGHTING THROUGHOUT THE STORE.
Daily saving of 773 lbs of CO2
Down from 1690 lbs to 917 lbs




BOULDER NISSAN

AFTER INSTALLING 50kW OF SOLAR PANELS.
Daily saving of 399 Ibs of CO2
Down from 917 lbs to 518 lbs




In 2017 BOULDER NISSAN saved 88.7 tons of CO2.
ONE TON OF CO2 IS EQUIVALENT TO A 33’ DIAMETER SPHERE.







CO2 produced in New York City in 1 hour
6,164 Tons




CO2 produced in New York City in 1 day
147,945 Tons




CO2 produced in New York City in 1 year
54,000,000 Tons




ISsions

USA Daily CO2 Em
18,821,217 Tons




USA Daily CO2 Emissions
218 tons every second

13,000 tons every minute
784,000 tons every hour

‘




N+g-L =z-+d
Electric vVehicle Specialist

Mobile: "120.8 18651571
Store: 3¥3.443.8113

Fax: 3134439 5269
E: nigel@bouldernissan.com
= Vel bouldernissan.com

=285 28th Street
Boulder, CO so3>1




