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Disruptive Technologies




What factors drive disruptive technologies?

1. Price

2. Crossover Price!

3. Operational costs crossover
4. The Dark Horse!
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Solar Price Per Watt
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Cost of Solar — US data

SunShot Progress and Goals
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*Levelized cost of energy (LCOE) progress and targets are calculated based on average U.S. climate and without the
ITC or state/local incentives. The residential and commercial goals have been adjusted for inflation from 2010-17
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Crossover Price for New Projects

The average cost of energy in North America
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Alberta Major Projects since

2017 Brooks 17 MW 4.8 cts/ kwh
2020 Vulcan 500MW ?




What about energy storage?

2.3 Cents Per KWh
iIncluding Storage
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Operational costs crossover
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Crossover In 2019 in the U.S

OHIO

Analysis: New wind, solar
cheaper than operating most
existing coal plants
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Change
the World
of Energy
One Light
bulb at a
time




Price Reduction of LED Lights

Cost and lifetime for LED lighting 2010 - 2019 (projections)
B Price ® Lifetime

$80 per bulb




Price per Lumen Reduction
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Price crossover for New Projects
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The Edge building in Amsterdam
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Question?

i

If the energy saved from
upgrading 2000 4-foot tube to LED
from 2014-2018
How far would an EV travel?
1. Around the world (40,000 kms)
2. On the moon (385,000 kms)

3. Pass the moon.
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How far can an EV travel with the saved energy to date?
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<“' EnviroLight

w Refrofit & Recycling

— Alberta’s First Zero Waste
"o /// - Fluorescent light Retrofit and Recycle
system
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Operational Crossover in 2019

(o) T8 LED Tube Light

Plug and Play Lights
are $20. Electrician

not required. /
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B
The Dark Horse of Light Retrofit

Clean Water
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Question?
How much water can be contaminated by mercury from one tube?

: i b 1. 5 Litres
e '7 ‘ 2 50 Litres

(o 3 500 Litres
b 5000 thres

4 5000 Litres
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~ BILLC-238 - NOW LAW!

{ Disposal of Lamps Containing M

== With over 3/4 of Canadians using CFLs, they
contribute 1150kg of mercury per YEAR in landfills!

Toxic mercury causes health Not all qrovinces have
problems like birth defects- end-of-life plans for CFL bulbs.
It can also be fatal. They're thrown into landfills.

BILL C-238 IS ABOUT WORKING TOGETHER

C-238 calls upon the Minister of Environment and ¥ A
Climate Change to work with the provinces, territories — ‘
and all interested and appropriate governments & + =g ’

organizations to develop a robust national strategy.

“With a robust national strategy we can protect our lands and our waterways
from toxic mercury.

This is a government that cares about the environment.

But more so, Canada is a country that deeply cares about the world we leave for future

generations.” . -

4 A Darren Fishes, MP Dartmouth-Cole Harbour )
N Sponsor, Bl C-238 f Bnghtldea




The Coming Disruptive EV revolution
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The Internal Combustion Engine(ICE)
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The disruption of vehicle manufacturing logistics
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What percentage of the energy is used to move the driver
In a gasoline car?

1. Less than 1%
2. About 10%

3. Between 10% - 20%

Moving the
driver

|

Source: U.S. Department of Energy; Amory Lovins, Rocky Mountain Institute
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Gasoline Enerqgy Efficiency?

! Moving the
- ‘/er

X s
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Where Does the Energy Go in an EV?

! Moving the
- ‘/er

X s
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Battery Cost Reduction

Cheaper Batteries
The cost of storing a kilowatt-hour of electricity has plunged and is expected to drop further

< $1000 | $1,000

500

$

1

0
Vv
0

2010 2015 2020 2025 2030

Note: Figures for 2018 and beyond are projections
Source: BNEF BloombergQuickTake
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Figure 1: Annual Savings in Fuel and Maintenance of BEVs
Compared to ICEVs by Province
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How would you know about operational crossover?
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Retail Markets

Oil Supply Chain

Industrial Markets
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Commercial Markets

David Wood & Associates
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More Sustainable Energy Production




50,000 Kms

Paradigm Shift




The Dark Horse of EV Adoption
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London’s Clean Air Drive

ADVERTISEMENT FEATURE

LET LONDON

LET'SCLEARTHE AIR

London’s air quality is damaging our health. Here, we fill you g
in on all you need to know about the air quality crisis in
the capital, and tell you what we can all do to improve it

\

WHAT'S BEING DONE? #

S0, how bad Is our air? pumping out deadly levels of ‘clear up our toxic air:
Air pollution affects every . S
borough in London. In fact, more 05t
than 2 mil us - including 10 the effects of air po
around )00 London recent study showed tha
children - are living in areas Idren who grow up in poliuted ;
which exceed the legal limits for “zero-emission capable’ vehicles.
s pollution. = ;
i
Vihy isita problem? .
The huge levels of pol to make cycling easier for Londoners.
London's atmosphere
causing thousands of 2
installed across the city.
° s Ai
TIPS FOR YOU
w © 75 per cent of all TAL double-deck buses now meet or
NSHEE Qe bNCe R exceed new emissions standards.
London's air quality by
a making small changes to

your dally routine. Check

‘out theno easy tips:

 Improve your fitn

yourself some mox
and avoid polluting the
aie by choosing to cycle
= or walk wherever and
whenever possible.

# Make the most of TfL's

avallable at off-poak rates.
» Consider joining a car club
'sa

TRANSPORT :
MAYOR OF LONDON FOR LONDO! For more information visit tfl. gov.uk/air-quality

sport
for n

Ultra low
emission

At any time




London’s plan to fight Poor Air Quality
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The Mayor of London
just announced 50,000

EV chargers by 2025
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Adoption Rate

Disruptive Technologies

Air Travel
Color TV
Credit Card
Microwave
Video Games
PC

Cell Phone
Internet
Digital Camera

MP3 Player

Social Media

Smartphone

=—Tlablet

BLACKROCK'




What of those 3 factors is the most
important in driving EV sales?

o [

4. None of the above
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GLOBAL PLUG-IN DELIVERIES 2,2%

BEV & PHEYV - Light Vehicles

Y-0O-Y Growth
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Annual Canadian Electric Vehicle Sales
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https://www.fleetcarma.com/
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Transportation
as a
service
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