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TECHNOLOGY BASED

Disruption
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What Is a Disruption?

WHEN A NEW PRODUCT OR SERVICE HELPS
create a hew market

AND

significantly weaken,
transform, or

destroy an existing product,
market category / industry @
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FAST FORWARD TO 1985
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‘Expert’ Disruption Forecasts

In the mid-1980s AT&T hired McKinsey & Co to
forecast cell phone adoption by the year 2000

THEIR (15-YEAR) PREDICTION They were off

900,000 by a factor of:

SUBSCRIBERS

THE ACTUAL NUMBER WAS

109 million

Copyright © 2016 Tony Seba Motorola DynaTAC 8000X from 1984. Source: Wikimedia, Source: Economist




AT&T Disrupted - while $$ Trillions Created
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Company
Apple
Google

Alibaba
Facebook
Amazon.com
Tencent

eBay
Baidu

Priceline Group
Salesforce.com

JD.com

Yahoo!
Netflix

LinkedIn
15 Twitter

Total Market Cap of Top 15
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Home Market Cap.
Country ($MM)
USA $763,567
USA 373,437
China 232,755
USA 226,009
USA 199,139
China 190,110
USA 72,549
China 71,581
USA 62,645
USA 49,173
China 47,711
USA 40,808
USA 37,700
USA 24,718
USA 23,965

$2,415,867

» AT&T’s landline telephony market was disrupted
It missed out on multi-trillion dollar opportunities!

Copyright © 2016 Tony Seba

Sources: Subscriber Data : CTIA Companies:
Internet Report 2015 - Mary Meeker



It's usually the ‘experts’ and ‘insiders’
who dismiss Disruptive Opportunities
-

“It's important that [Internet] expectations aren’t cranked too high.
The total number of users is still very small...”
\ Bill Gates,CEO Microsoft, 1994

-

“There is no reason anyone would
want a computer in their home.”

Ken Olson, CEO DEC, 1977

/

/“The Internet will catastrophically collapse In 1996.”\

Robert Metcalfe, founder 3Com, 1995

AN
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FAST FORWARD TO 2000
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Kodak FY 2000: Record Results

» EY 2000 Einancial Results: /" "A great brand, a great balance sheet,\
cash flow. This Is a very smart time to
> Revenues: $14 B be in the picture business"

- - : Daniel Carp, CEO, Kodak
g Operatlng Earnlngs. $2'2 B \ Letter {o Inveztors, FY 2000
» Net Profits: $1.4 B

> "Picture-taking at an all-time high worldwide:" )

» Record # of Pictures taken: 80 billion.

» Record # of Prints ordered: 100 billion.

> 2012 - Kodak Filed for Bankru pICy
Protection

(1) Kodak, Annual Report 2000, Letter to Investors,

Copyright © 2016 Tony Seba Sources: Data and Image : Kodak



Why do smart people
at smart
organizations
consistently faill

to anticipate or lead
Market Disruptions?

Copyright © 2016 Tony Seba



Seba Tech Disruption Framework
to Anticipate / Lead Market Disruptions

€ Disruption Models

9 Business Model Innovation

Q Product Innovation & Architecture

Copyright © 2016 Tony Seba

9 Technology Cost Curves o
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Disruption Models



CI.—IRISTENS.EN
Disruption
From Below
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Disruption from BELOW

Performance

‘ -~ ity use
' Time

> Disruptive products or services that are Initially less capable than what the
existing mainstream markets are providing.

» They start out as ‘INferior’ technology and are dismissed as “low-quality”,
“toys”, or "not good enough”.

> Ex: PCs, digital cameras, mobile phones, solar power

Copyright © 2016 Tony Seba Graphics Source: Wikipedia
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The Print Newspaper Industry ca. 2000

Print Newspaper Advertising Revenue

Adjusted for Inflation, 1950 to 2011

$70,000 -

$60.000 - Millions of 2011 Dollars
$50,000 -

$40,000 -
$30,000 -
$20,000 -

Source: Newspaper Association of America
| |

$10,000—|IIIIIIIII|II I|I II
1950 1960 1970 1980

Record
Revenues!

i | (I |
1990 2000

myperry.blogspot.com

|
2010

Image Source: mjperry,
Data: Neewspaper Association of America



The Newspaper Industry after 2000

Print Newspaper Advertising Revenue

Adjusted for Inflation, 1950 to 2011 Record
$70,000 - Revenues!
e
Millhions of 2011 Dollars
$60,000 -
$50,000 -
$40.000 -
$30.000 -
$20,000 We b
| Advertising

§10.000 - > 0vree: Newspaper Assoctation of America B m e mEmEm

1950 1960 1970 1980 1990 2000 2010

Print Source: miperry, Newspaper Association of America.

Copyright © 2016 Tony Seba Internet Source: 1AB and PWC



SEBA
Disruption
From Above
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Disruption from ABOVE

> Start out with SUPErIor products and services
that are much more capable but more

expensive compared to what the existing
mainstream market is providing.

> But their technology cost curveisona

faster downward path than the existing
mainstream products.

> These products may be perceived as just |
substitutes for the existing mainstream products.
However, they may have a wider range of
capabilities, uses, and applications.

Copyright © 2016 Tony Seba Source: Clean Disruption, Tesla, Apple




Disruption from Above
Projected Cost of EV with 200-mile (320 Km) range

$80,000
Q
‘@  $70,000
S \
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O $60,000
>
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= \
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DOV\{NES & NUNES
Big-Bang
Disruption
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Big-Bang Disruption

> Big-Bang Disruptive Products start out with ) \\\ ¥
1. Better Performance A
2. Lower Price, and
3. More Customization

> EX:
» Google Maps with Driving Directions AP
e vs Garmin & Tom-Tom GPS

Copyright © 2016 Tony Seba Source: Cassiobeiabloggen



Garmin: 2005-2010 Stock Price

Garmin Ltd. (GRMN) - nasdagcs ¥ Add to Portfolio

47.10 s0.10 (0.21%) 4:00PM EDT | After Hours : 47.10 0.00 (0.00%) 4:02PM EDT - Nasdaq Real Time Price

GET CHART | CONMPARE EVENTS ¥ TECHNICAL INDICATORS ¥ CHART SETTINGS ¥ RESET

Week of Nov 1, 2010: == GRMN 31.17

Google Maps w/ Driving

Directions API 120
Launch 100
/\_\N/NV,/M %

2010

2005 2006 2007

Copyright © 2016 Tony Seba



How can NEW products
be Better and Cheaper?
And More

Customizable?

Copyright © 2016 Tony Seba



Technology Cost Curves



Computing:
Moore’s Law
(1971 - 2011)

» # of transistors doubles
(roughly) every two years.

> Annual iImprovement rate
~41.4%

» Exponential growth in # of
transistors

Copyright © 2016 Tony Seba

Microprocessor Transistor Counts 1971-2011 & Moore’s Law

16-Core SPARC T3
Six-Core Core i7

2,600,000,000 - 1 B i I I i B GoreXaon 7400\\' ®10-Core Xeon Westmere-EX
I I O n X Dual-Core Itanium 2@ o /g-cocrje POW1ESI;%67
AMD K10 <—Quad-core 2196 .
e roweRs e S S A ST T
Itanium 2 with 9MB cache @ Six-Core Opteron 2400
AMD K10 Core i7 (Quad)
Core 2 Duo
ltanium 2 @ Cell
100,000,000 2
8 Pentium 4 ® Atom
(/) L QMB %-m
g curve shows transistor AMD K6
% 10,000,000 - O count doubling every Qe i
(@) two years
O " — @ AMD K5
5 -
O
]
D 1,000,000 - - 80486 @
7)) e
C H
© —
- ©
80286 @
100,000 O)
O 68000 @
® 80186
8086 @ @8088
10,000 - N @6809
8080\1 @ 280
8008@ T ®MOS 6502
2,300 —  4004@ /RCA 1802
[ [ [ I |
1971 1980 1990 2000 2011

Date of introduction
Source: Wikipedia



PC / Internet / Mobile Phone industries:
Convergence of Exponential Technologies

» Several Technologles Iimproving at .
exponential rates

» Data Storage — Kryder's Law
» Hard Disk $ cost per bit down 50% every 18 months

» Digital Imaging — Hendy's Law
> Pixels per $ - 59% / year

» Network Capacity — Butter's Law of Photonics

» The $ cost of transmitting a bit decreases by 50%
every 9 months

Copyright © 2016 Tony Seba Source: Wikipedia Image: apple.com | - apple.com



http://apple.com
http://apple.com

Key
Technologies



2016: Key Technologies

3D Visualization
Mobile Internet & Cloud
Big Data / Open Data

1. Sensors /Internet of Things

2. Artificial Intelligence / Machine Learning
3. Robotics

4. Solar PV

5. Energy Storage

6. 3D Printing

/.

8.

9.

10. Unnamed Aerial Vehicles / Nano Satellites
11. eMoney / eFinance

Copyright © 2016 Tony Seba



Sensors

\

Hidden Innovation (_Gesture Seasor )
in the GCALAXY ()4 Recognizes the user’s hand

movements using infrared rays

A Y'Y G | . { | :c r r‘:-",t "
] 4 -/ \' -
( Proximity Sensor )

Recognizes whether the mobile
phone is located near the user
by using infrared rays

/ \

4
( RGB Ut Seasor) e r : -
P \

Measures the red, green, Blue, and - = S
white intensity of the light source . i AL AL Gym J
Adapt Display { 4! Detects the mobile phone rotation

’
state based on three axes

Sm 31t Rotat

; ) I' '-' \
( Hall ) : , @ (_Accelerometer )
R n whether ho < ¢ - S :
rrt shep ki B ‘ . Detects the mobile phone move-
COVEr is open or closed
ment state based on three axes

\;‘A Vie 1y W yurs S ;40-3 T" ‘.‘o’d ll‘:‘ "-'¢ e

e €9 G Ral

De magne id intenss
ientifies the atmospheric pressure Vacts gnetic field intensity
based on three aves

at the user’s current location |
Tenrpemure: :
Dignal Compass MAP

S Health: Walking Mate W ’

Checks temperature and
humidity levels

NG TOMORROW -S Healkth : Comiort Levs




Sensors: 1,000X changes in 7 Years (2007 - 2014)

UNIT CHANGE COMMENTS
Number of E
Sensors up 1,000x f#  From 10 million to 10 billion
'E.g., from $250/axis for gyros
Cost DOWN 1’OOOX 4 to $0.75 for three axis
Power  From W to mW and mW to
consumption pown 1,000 v UW, depending on sensor
Physical : E g., gyro from 2,000 mm3to 2
Size pown 1,000x & mm?3/axis
Number of 1 000 1 From 1,000s per sensor to
Transistors 5 UP X ~1,000,000s/sensor

On the road to trillions of sensors: Exponential Unit Growth

Copyright © 2016 Tony Seba Source: Janusz Bryzek, TSensors



Market: Trillions of Sensors in ~10 years

Copyright © 2016 Tony Seba

» TSensors: exponential growth from ~10 billion/yr to 10
trillion+/year over the next 10-15 years.

100,000,000,000,000

10,000,000,000,000

1,000,000,000,000

Sensors/year

1,000,000,000

100,000,000

10,000,000

100,000,000,000

10,000,000,000

Trillion Sensor Visions

~%
<—>‘°°‘°\
’-4 1 “Abundance"
A QCOM Swarm Lab, UCB
% Bosch
m Hewlett-Packard
@ Intel
M Tiinternetdevices

Yole MEMS Forecast, 2012
—TSensors Bryzek's Vision

10 year slope
Mobile Sensors Explosion

2007 2012 2017 2022 2027 2032 2037

Source: TSensor Summit 2013



Everything will
have embedded
SENSORS...

Copyright © 2016 Tony Seba
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Sports: Swinging with Sensors...

» Real-time, 3D Analysis of swings: golf, tennis, baseball, softball...

":1_‘ .......

' RN VO
)EED 'MPACT ‘ : 33141 .::- s .'\_"‘::‘:'.;‘:x':f
A TS DADAY .

. o

L W = Vs — - \ : & . '—/J::?
BASEBALL ' ‘ ' SOFTBALL" ™

Copyright © 2016 Tony Seba Source: zepp.com



Sports: Smart Sensor Basketball

> Real tlme 3D AnaIyS|s of basketball

","u”

- .... =4
-

AV b7

a\:

% Shooting Arc é Shot Release Speed
Soften your shot for more consistency by Increase scoring with more shot attempits
learning to shoot with ideal arc. by always shooting at game speed.

N4 Dribble Intensity + Speed 0 Shot Backspin
Become more versatile by learning to Improwve accuracy by developing a strong
dribble harder under pressure with either wrist for better follow through and a
hand. shooters touch.

Source: 94fifty.com, techdissected.com

Copyright © 2016 .
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Learning Thermostat

IN 20 MIN

72

Copyright © 2016 Tony Seba Source: Nest



AROS GE Smart Air Conditioner

> Aros GE Intelligent Air Conditioner for

» Learns user usage and patterns and
cools only when needed S—
" Open innovation: designed by Crowe i
< MARCH b ::::::::::::::::::::::.}}}}}}}}}}}}j.-}Z-}}}I'?}}Z{-}}}}.-. ..............
= _;__’—-“——

March 16

Copyright © 2016 Tony Seba Source: quirky, amazon



Smart Solar Trash Cans

Copyright © 2016 Tony Seba Photo by Tony Seba



Transportation...

Copyright © 2016 Tony Seba



Car Sensor Tech

» $99 auto accessory that connects to a
car's "BLACK BOX" onboard computer

and uses the smartphone’'s GPS sensors
to provide driver with real-time Info:

> “Check Engine” light codes
> Trip Timeline

«t | P\ﬂu!‘;.lw 4G U‘J't F‘plq

(as Volvo V40

The ‘Check Engine’ Light Is On

ENGINE CODE
"B" Camshaft Position - Timing Over-
Retarded Bank 1

> Driving information: acceleration,
braking, speeding

> Alerts your contacts after “Crash .
' ’ PO0O14
Incident

"B" Camshaft Position - Timing Over-

Advanced or System Performance
Bank 1

"_—K Search the web for more on POO1S

(k Search the web for more on POOYA

N Nearby Mechanics
Copyright © 2016 Tony Seba

Images: Tony Seba
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Convergence: Sensors + Mobile
Disruption of Car Insurance

METROMILE AP Pear-Mile Insurance Login

= (] 20

Device + App Device + App + Insurance

Features

Engine diagnostics

MP G tracking

(sas cost per trip

_ar locator

Compare trips

Automated street sweeping alerts (San Francisco only)

©
&
&
&
©
©

Par-mile car insurance

2A/ 7 service

Road=side assistance

Source: MetroMile.com



http://MetroMile.com
http://MetroMile.com

Intelligent, Connected Bicycles

roccesor <o e

Datap

Copyright © 2016 Tony S Source: TNO



Sensors Leading to The Internet of Things

» Cheap, smart, connected sensor-based ——

05 (o) | - Q

devices are giving rise to the Internet i

of Things Q% ---17(
> Trillions of sensors in billions of .'.‘ lNTERNETof ﬂ

devices
» Generating vast amounts of real-time QT H I N G S

data: mood, heart rate, location, speed, _= .@ "0 @
radiation, sunshine, temperature, @'*’Gw— . -
humidity, radar, lidar, video, audio, CO, () : Y
pollution... = -

Copyright © 2016 Tony Seba Source: TeaMartin.com
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BIG DATA / OPEN DATA
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Bronto-Data: The Internet of Things

> The # of sensor-based devices Is increasing
exponentially

» The # of sensors within each device Is 1 1030
Increasing exponentially anmbyte 10

> The amount of data that each sensor
generates Is Increasing exponentially

|
> The # of connections between those devices IS Zettabyte I
Increasing exponentially -

» The resultis a COMBINATORIAL EXPLOSION Petabyte (8 et By
of data

> This is not BIG DATA, this is BRONTO-DATA
(1027) or EPTO-DATA

Copyright © 2016 Tony Seba Source: Dot NHTSA



Data-Ruption

DATA about Things Is
becoming more valuable
than the Things themselves

> Data about money
> Data about energy G
> Data about transport UBER

QO0COSOOO

oooooooooooooooooooooooooooooooooooooooooooooooooooo
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

| Q nest

Copyright © 2016 Tony Seba



Ex: UBER - Ride-Sharing

Companies disrupting private and public transportation. — - -
- RSOt T

> Connecting users with drivers
> Ex: Uber, Lyft, Didi

» Uber (started 2009):

» Est. 2015 Bookings = $10 billion o
> 1 million drivers (global) @

> Uber Valuation ($64b) >
BMW ($54b) @

7 lyhn
)

Copyright © 2016 Tony Seba Sources: (1) (2) Busines Insider (3) Yahoo! Finance



Robotics

Image: RethinkRobotics



Copyright © 2016 Tony Seba Video Source: RethinkRobotics



Robots: Improvements in One Year!

Copyright © 2016 Tony Seba



ROBOT PERFORMS PROSTATE SURGERY

| SPECTRUM July 8%, 2015

With Robot: “The patient lies inside the MRl =
scanner and the non-metallic robot accesses
the prostate through the perineal wall.”

With Human Doctor Today: prostate biopsies
are disparagingly called ‘the blind biopsy'.
“There’s no lesion targeted, the doctor inserts
needles through the skin to get tissue
samples. It’s just: "Let’s push a bunch of
needles In and see what we get."

Copyright © 2016 Tony Seba



3D Printing




3D Printing: Toys & Jewelry?

shapeways*

Copyright © 2016 Tony Seba

Make + Seh

LT hH ' |

p Join Siagn In

Make, buy, and sell products with 3D Printing. How it works.

SO

Fouaturac Fhcaan
At

Hasrwon

For Your Vorme
Cladgets
Clarmon

Sy

Mabwor /Y

N rvatiwons

More than a 3D
Printing service

Tum your iIdoas Into
Procucts -

8 Cuffiinka
$40.00 Dy ThWaanorwy

Machanical Huing 2
S35, 00 Ly Masaho

O. vulgaris

$65.00 oy MuseurmotSiormmll Throns

Keepin' it Brassy

B S

Bicycie Chainrng Cufflinks
$00.00 Ly SomamSmn

Cranwa Anstomica Filigre (me
S150.03 Ly Jomrua -l

Thomas Culfink - Right Sloaws

SO5.00 by Trvoeo' N

Hyporcube Pencdent (33 mm)
S$568.00 Ty Barraea

_—

Keychan Mini Crowbasr Tool
S$32. .00 o oo

Ora Pondant
SO0 00 oy Hathar o

Source: Shapeways



3D-Printing: YOU!

> Personalized 3D Printed Body Parts

> Invisalign 3D-Printed 17 Million dental braces in 2013
in a 24/7 ‘lights out’ manufacturing facility in San Jose, CA

> Disrupted the dental brace industry

PERSONALIZED SURGERY

GUIDANCE AND CUSTOM DESIGNS

Copyright © 2016 Tony Seba Source: 3DSystems



3D-Printed Car

Image Source: localmotors.com

> Speed: 50 mph (80 kph)
> ABS Plastic, Carbon Fiber Reinforced — 49 parts total
> 100% Electric Vehicle

Copyright © 2016 Tony Seba Source:LocalMotors, Makezine



GE: 3D-Printing Turbine Parts

> The LEAP Jet Engine: 3D printed fuel nozzles, carbon fiber blades,

and ceramic matrix composites
> GE expects to 3D print 100k parts by 2020

GE WORKS. e

ADVANCED MANUFACTURNG /‘Jf/ﬁEINVENTING THE
a@y REMORK '

—

PLAY VIDEO —> °

GE WORKS / BUILDING / ADDITIVE
MANUFACTURING

Adcitive parts will be manufactured
100k by GE Aviation by 2020

368 Arnoumt GE immvests im RAD
woridwide oach yoor

S00+ 3D printing machines curmently in

wuse aomoas GE

e
“aky
‘

T SEE MORE STORIES

orming manufacturing, one layer at a time - S
MOVING

laser-powered 3-D printers, 3-D " nkmq and "painting™ machines, and other advanced
e 10 2 1O N o "3 R 2 S )

MM MODCOESIDIS 10 Droducs



3D Printing Big Things: Houses

> 3D-Printing a House in Amsterdam

Copyright © 2016 Tony Seba Images: Tony Seba



Machine Learning /
Artificial Intelligence
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Artificial Intelligence / Machine Learning

> IBM Watson is an Artificial Intelligence computer
» Capable of answering questions in Natural Language
> In 2011, IBM Watson competed in the TV Show Jeopardy

> Against former winners Brand Rudders & Ken
Jennings

» Watson won the $1m prize

> In the 3 years after it beat human contestants on
Jeopardy, Watson improved:

» Performance: by 25X
» Speed: by 24X
» Size: by 10X

(from the size of a master bedroom 3 pizza boxes)

Copyright © 2016 Tony Seba Image Source: Wikipedia



MIT
Technology

A new model developed by Huazheng
Huazheng Wang (University of Science and |
Technology, China) and Bin Gao (I\/Ilcrosoft
Research, Beijing) “can reach the
Intelligence level between people with
bachelor degrees and those with master
degrees.”

“With appropriate uses of deep learning
technologies, we could be a further step
closer to true human intelligence.”

June 12t 2015

DEEP LEARNING MACHINE BEATS HUMANS IN 1Q TEST

Wyan W Wi Wyem

LR #0000| [CO0E0| - |00800[ |

. 1 1 '

Ly, of relaien [y, 7. e} : - : '

| . n
OO
o il

- L

Wy

[ | |
Lot | gabegs 1 1ohrga oty |
| i B

Copyright © 2016 Tony Seba

Source: MIT Technology Review




Bloomberg July 19, 2016

OC g RICITY BILL WITH AR "
INTELLIGENCE

High PUE ML Control On ML Control Off

Alphabet's DeepMind Al helped cut Google's

Data Center Power Used for Cooling by 40%

and Power usage Efficiency (PUE) by 15%. M _
The Al manipulates 120 variables. It controls

how fans, cooling systems, windows, and

computer equipment and changes how they
work to lower PUE. \/\w

Google used 4.4 TWh of electricity in 2014.

Any savings In usage can translate into

hundred S Of mllllons Of do”ars In S aVIngS As seen n the graph, the data center's power consumption was cut by 40 percent when the machine learning controls were switched on
Graph Sources: Gizmag

Low PUE

Copyright © 2016 Tony Seba Sources: Gizmag and Bloomberg Technology



How can WE Anticipate Market Disruptions?

Business Model

€ Disruption Models

Wil .\ s
L \ Disruption

Models

Technology
Cost Curves

e Technology Cost Curves

‘.-'94._::'-. » % ' 4
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Energy Storage

.

GreenCharge Networks



http://telegraph.uk

The Telegraph

Home News World Sport Flnasce Comment Cultare Trawe Ul womes Fash

LiI-on Battery costs
drOpplng eXpOﬂentla”y Women Men [RLELITY ek Property Gudesing  Tood Reliondhipn  Expee

News Post Drives Manufacturers Festhvdof Motorieg Coodwond T Gewr Ao !

PPUINVE » MIDTURENG » CAN MANLTALTCRRES » YTRARY AN

» Laptop Li-on battery costs dropped The battery tech that could change electric cars

Valkswagen is testing a new type of battery that #t says could be four times a5 powerfal 25

~14% per year over 15 years. () existing technology

» Investments In battery tech increasing
dramatically:

» 3 multi-trillion $ industries investing:
1. IT/ Electronics

2. Automotive
3. Energy

» Since 2010, battery costs have dropped at
~16%/year — ACCELERATING

Copyright © 2016 Tony Seba (1) Clean Disruption
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Projected cost of Li-On Battery $/kWh

Cost of Li-On Battery Storage ($/kwh)

Copyright © 2016 Tony Seba
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TS S S S S

Assumption: 16% /year Technology Cost Curve

Source: Clean Disruption



Tesla’s Battery GigaFactory

» $5 Billion investment (6,500 jobs)

» Battery pack output: 50 GWh year
— 500,000 cars/year

> Double world battery production

Reduce battery LhiNHe
pack costs by

Tech improvement. “Tesla expects to increase pack
capacity by roughly 5% per year.” ()

Copyright © 2016 Tony Seba Sources: Tesla, (1) ChargeDevs Mag



Investments in Battery Megafactories increasing

» BYD could ramp up to 34 GWh by 2020 - matching
Tesla’'s 35 GWh (1)

» Foxconn and LG Chem could add combined 22 | ‘
GWh (2 L

» Samsung SDI, Dyson, Total, Bosch, Boston Power,
TDK, Apple, Nissan, Daimler, VW, etc.

- 12+ Megafactories expected to come online by 2020 (3) "

» Tesla could Triple expected output to 105 GWh
(cells) / 150 GWh (packs) ()

Tech Cost Curve could
accelerate!

Copyright © 2016 Tony Seba Sources: (1) Reuters, (2) (3) Benchmark Minerals (4) Electrek



ENERGY STORAGE

Business Model
lnnovation
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Business Model Innovatlon Storage as a Servme
Q()f@’&_l'\ IVEINGHEE 30 0 e Etwmeh

Power Efficiency Agreement™™

Save up to 50% on your demand charges with Energy Storage

@ NO Cost ° NO Risk o jJust Savings

> Stem and GreenCharge Networks offering StOrag e-as-Service to reduce
DEMAND CHARGES for businesses

» Zero-money down, 10 years
> Lower utility bills by 10-50% (1)

> Storage also increases resiliency and may allow C&l businesses to participate
In wholesale markets demand response programs.

Copyright © 2016 Tony Seba Sources: (1) Bloomberg



Storage Disruption: Residential and Commercial
» Average American consumes 903 kWh/month — ~ 30kWh/day

- By 2020 it will cost $36.8/month ($1.2/day) for a full day

of electricity storage

Monthly cost of residential storage Target year -> 2014
(Plujrscgjnls;f’vcrc.);st_gf battery storage system $600 $500 $300
SaaS services Hours kWh Storage: Monthly Cost
Demand response 1 1.25 $4.6 $3.8 $2.3
Avoid peak, buy low & shift usage 4 5 $18.4 $15.3 $9.2
Store all solar self-generation 8 10 $36.8 $30.7 $18.4
Self-sufficiency 16 20 $73.6 $61.3 $36.8

2024

$100

$0.8
$3.1
$6.1

$12.3

2028

$50

$0.4
$1.5
$3.1

$6.1

Full day 24 30 $110.4 $92.0  $55.2 m $18.4 $9.2

Copyright © 2016 Tony Seba  Assumptions: 4% cost of capital (mortgage) over 20 years

Source: Clean Disruption



EVvery house, retail business,

warehouse, building, factory,
parking lot, device will have
smart, connected

BATTERIES...

Copyright © 2016 Tony Seba



The Electric Vehicle
Disruption

CLEAN

DISRUPTION

TonySeba

Now Silcon Valley
Will Make Ol Nucleor,
Neturol Gos, Cool,
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MOTOR TREND

$ ~ —
large luxury car In
America! o
U.S. Sales of Large Luxury Vehicles
MODEL 2015 Sales 2014 Sales % Change
|Tesla Model S 25,202 16,689 51.01%
Audi A7 7,721 8,133 -5.07%
Audi A8 4990 5,904 -15.48%
BMW 6-Series 8,146 8,647 -5.79%
BMW 7-Series 9,292 9,744 -4.64%
Jaguar XJ 3,611 4 329 -16.59%
Lexus LS 7,165 8,559 -16.29%
Mercedes-Benz CLS-Class 6,152 6,981 -11.88%
Mercedes-Benz S-Class 21,934 25,276 -13.22%
Porsche Panamera 4.985 5,740 -13.15%
Total © 99,198 © 100,002  -0.80%

yright © 2016 Tony Seba
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Consumer Reports:

Best Car EVER!

Source: Motor Trends, (1) Consumer Reports, (2) Tesla



http://ExtremeTech.com
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But who can:afiora an
* FElectric Vehicle?

Photo: © Tony Seba




IS THE ELECTRIC
VEHICLE

Disruptive?

(You always need to ask)

Copyright © 2016 Tony Seba



1. Electric Motor - 5X more Energy Efficient

Energy Efficiency

@ @ (e
© TonySeba 2015

17 -21% 90 -95%

Internal
Combustion
Engine

Electric
Motor

Copyright © 2016 Tony Seba Sources:ICE - DOE, EM Wikipedia, Image Sources: ICE - Tony Seba, Electric - BradMerritt.com



http://BradMerritt.com
http://BradMerritt.com

2. EVs are 10X cheaper to charge/fuel

> |t costs $15,000 to fill up a (gas) Jeep

Liberty over five years (Consumer Reports)

> An Electric Jeep Liberty would cost $1,565

In electricity

> Improvements in power electronics will
Increase this 10X

Assumptions:
12,000 miles/year
Tesla Roadster: 4.6 miles per kWh.
Ave retall electricity in the U.S.: 12 ¢/kWh
5 year-cost = (60,000 miles * 0.12 $/kWh) / 4.6 miles/lkWh = $1,565.

Copyright © 2016 Tony Seba
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3. Maintenance - Gasoline Car:
2,000+ moving parts (1)




3. EVs: 100X fewer Moving Parts

ICE (Gas) Vehicle Electric Vehicle (EV)
2,000+ moving parts () 18 moving parts ()

y " -“: T ‘ iy L"‘”"_
pistons, gears, | # 2.9 T8 -

carburetors, [T )’
crankshafts... i

Transmission,
driveshatft, clutch,
valves, differentials,

--‘ |

- EVs 1OX-OOX cheaper to maintain!
. Tesla: INfINite Mile Warranty! .,

Copyright © 2016 Tony Seba Source: (1) Baron Funds, (2) Tesla Blog



4 — EVs MORE powerful than ICE

“‘University Student team builds EV that breaks world
acceleration record (0-100 Km/h in 1.51 sec) beats the $1m
Porsche 918 Spyder (2.2 sec)” o

(1) ETHZ news



Copyright © 2016 Tony Seba

EVs Shift the Price/Performance equation:
Disrupt the BASIS of COMPETITION

-

e NSy 3 .

High $$$

Price

Medium $$

Low $

A

——

/\Eo/rsche 011 T
\/Carrera y
B <

Téla Model 3

Low

Performance

>

High

EVs: Porsche performance for Buick prices!

Car Image Sources: WikiMedia



OK, SO THE EV IS DISRUPTIVE
How long will the transition

take?
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Disruption from Above — Electric Vehicles
Cost of EV with 200-mile (320 Km) range

$80,000
@  $70,000
—
e
o $60,000
>
©  $50,000
e
dd
O
@ $40,000
LL
©  $30,000
dd
2,
O  $20,000
O

$10,000

Copyright © 2016 Tony Seba

Y

|ICE “Affordable

SUV": $35-$40K

Ave ICE Car
In US: $33K

Ave Low-end

gas car US: $22K

\

lean DiS

sruption

B, .

Assumptions:

* 4 miles/kWh,

« 50kWh batteries,

* 16% yearly battery cost
Improvement,

 EV Cost = 3X battery

Source: Clean Disruption
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“It's more than a
car, It’'s an
upgradeable
platform for new
technologies.” (1)

FORTUNE

CEO BARRA UNVEILS BOLT EV @QCES

2017 Chevy Bolt: 200-mile range
Electric Vehicle for $37,500

“Car-sharing, new
ownership models,
automated
driving... down the
road.”

January 9™, 2016

Copyright © 2016 Tony Seba

ource.




Tesla Model 3 — Record Single-Day Sales for any

Product of Any Kind Ever!
Tesla Model 3

$ 35,000 Unsubsidized

Autopilot (semi-autonomous)

215-mile range
0-60mph In < 6 secs

Market reaction:

180,000 Cal'S ordered / reserved first 24h!
>$6 _ 3b pipeline first 24h!

Biggest Crowdfunding Event in History: $400m & counting!

Copyright © 2016 Tony Seba



COMPUTERWORLD
FOXCONN TO MAKE EV FOR $15,000

September 41", 2014

“Foxconn, the maker of the Apple
IPhone to invest $811m to develop
Electric Cars.”

“CEO Terry Gou said they are

targeting EVs priced at $15,000
(1)

"200+ Chinese startup EV companies
developing 4,000+ models."

Copyright © 2016 Tony Seba Source: (1) Computer World (2) Bloomberg



E.I_ECTRIC VEHICLE / CHARGINEE-
Business Model Innovations

(That can accelerate the Disruption)

Copyright © 2016 Tony Seba



EIBnb enables anyone's power outlets
to become public Electric Vehicle
Plug-In Stations.

“The home stations will be featured on a
map accessible by EV drivers. Charging
times and prices are determined by
homeowners and drivers."

ROAL | SOl

BY CNET

Renault launched Elbnb, a F
Platform

June 17™, 2016

P EV Charging

Copyright © 2016 Tony Seba

Source: (1) RoadShow by CNET



The Autonomous
Vehicle Disruption
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FINANCIAL TIMES May 5%, 2015

yright © 2016 Tony Seba

\EVADA APPROV AUTONOMOUL

TLC y
d .

Voice of WolfgafidiBernhard

Head of Daimler Titickers & Buses




CB Insights Aug 11%, 2016

33 Corporations Working on Autonomous Venicles

©) BOSCH DAE [, i DELPHI
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i % REUTERS

SELF-DRIVING CARS MAY HIT THE
ROAD IN 2018: RENAULT-NISSAN CEO

PARIS TueJun 3, 2014 103pm ED |

0 COMMENTS = E& 3 Share this m_ Email ¢ Print

June 3 2014




October 2™, 2015

1THE VERGE

TESLA CAPABLE OF SELF-
DRIVING 90% OF THE TIME

“00% Autonomous. For Fully selt-driving

sure on highways.” () within 2 years.” 2
Elon Musk, Dec 2015

Autonomy Capability

Copyright © 2016 Tony Seba Sources: (1) UK Daily Mall, (2) Fortune



WHAT ABOUT THE
COST of

Autonomous Venhicles?
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Exponential Technologies:
Machine Vision (LIDAR Sensors)

Google announced that the cost of ~$150k

2 O 1 2 technology In its self-driving car was

LIDAR Sensor (for Machine Vision) was $70k

By the end of

2 O 1 3 The next generation LIDAR was $10k

By Oct

2 O 14 A SV Startup company announced LIDAR for$1 k

Copyright © 2016 Tony Seba



L IDAR: From $70,000 to $250

2015 GEN 1 LIDAR $1,000
20106 GEN 2 SOLID STATE LIDAR $250

Copyright © 2016 Tony Seba
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GEN 3 (POSTAGE STAMP) $90

70,000

$60,000

$50,000

$40,000

$30,000 1

§20,000

$10,000

50

II——__.__.

2012 2013 2014 2015 2016 2017 2018 201S
Sources: Quaner gy,Clean Disruption



Are we at the 'Garage' stage
of Autonomous Vehicles?

Copyright © 2016 Tony Seba



First Person To Build a Self-Driving Car In

GARAGE!

"George Hotz built a Self-Driving car
with off-the-shelf parts with $50,000
Investment. He Is taking on Google and
Tesla by himself."

“The goal Is to sell the self-driving
package for $1,000 per unit either to
automakers or directly to consumers" (1)

Bloomberg

’6 EA - o‘ ."k .
i “ 7 i\ /& - ! it
J7- '
- 7 1
[ "Q‘ (/\)
INSIDE HOYZ’S =
ACURA ILX :
A 21.5-INCH SOREEN : '
DISPLAYS THE CAR’S /

AUTONOMOUS TECHNOLogQ

(THE OPERATING SYSTEM IS

UBUNTU LINUX), ALONG WITH

FEEDS FROM THE CAMERAS

AND LIDAR SYSTEMS

' HOTZ ADDED A JOYSTICK
TO THE CAR’S CENTER
CONSOLE. A PULL OF THE
TRIGGER ENGAGES THE
SELF-DRIVING SYSTEM

/
y
/

1S

December 16t 2015

THE GLOVE -COMPARTMENT .|
HAS BEEN TURNED INTO

A COMPUTING HUB WITH

A MINI PC, A NETWORKING
SWITCH, AND GPS SENSORS

Photo Sources: Bloomberg

Copyright © 2016 Tony Seba

Sources: Bloomberg



fortune.com

> Not just substitution of existing modes of transportation. -
> Self-Driving Delivery units ___aul
> Impact on food de|ivery? Self-driving Scooter at SMART MIT

Copyright © 2016 Tony Seba



Cool! | can . g @

Disruptive

Copyright © 2016 Tony Seba



BUSINESS MODEL
INNOVATION:

Car-as-a-
Service

Copyright © 2016 Tony Seba



SELF-DRIVING + CAR SHARING:

Convergence of
Technology &
Business Model
Innovation

Copyright © 2016 Tony Seba



My Smartphone: On-demand Car-as-a-Service

Plan & schedule All transportation needs with Apps

1. Buses: Muni, NextBus

2. Trains: CaltrainMe, IBART

3. Car-Sharing: Zipcar

4. Ride-Sharing: Uber, Lyft
5. On-Demand Bus: VTAFlex

6

. Taxis: FlyWheel
Asset Utilization

(- @ @ ( ( r
© TonySeba 2015

o o
Copyright © 2016 Tony Seba 4 A’ 80 - 90 A)




Cars: Hugely Inetficient Use of Assets

ﬂ e ~ .
: n e N |
- fr < - <oor st -
\;g - . A "' . e
. ~ n -
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» Cars = 2"d Jargest Capital Expense

» Ave. car costs = $31k

»|Cars are parked 96% of the time!

» 4% Asset Utlilization is a disruption waiting
to happen!

Asset Utilization

[ @

~ & W
C @ @ C
40/(’ 80 - 90%@ TonySeba 2015

Copyright © 2016 Tony Seba Source: (1) Donald Shoup




Bloom berg August 18", 2016

UBER's SELF-DRIVING FLEET ARRIVES THIS MONTH

"Uber’s Pittsburgh fleet, will consist of 100
modified Volvo XC90 SUVs.

Uber riders are logging 100 million miles per A (5

day. '

Uber can use the data collected from its app to
quickly improve its self-driving mapping and

Mavigationsystems.

“When there’s no [driver], the cost of taking an Uber
anywhere becomes cheaper than owning a vehicle and .
i 7 J | “'. o N/

then car ownership goes away.” Uber’s CEO (2

p : s "
W /:/-\\‘\ @ —":-t L\ R | Tony Seba
i/ ~\\ I PR A y

Sources: (1) Bloomberg, (2) the Verge

Copyrnght© 2016 Tony Seba



January 13" 2016
Mashable g

GM TO LAUNCH SELF-DRIVING LYFT FLEET IN
AUSTIN, TX

“The first mainstream deployment of
autonomous vehicles won’'t be to
customers but to a ride-share
platform.” GM President Dan
AMmmann

“This makes sense for GM:

1. An autonomous Bolt EV will be in use 60-70%
of the time.

2. Easler to create a car that works in a known city
within certain limits below 30mph.

3. Open up new markets.”

Copyright © 2016 Tony Seba



Car-as-a-Service: The End of Car Ownershig

>~ Mobility on Demand / Car-as-a-service: g@%ﬁ'
» Self-Driving tech plus

» Car/Ride Sharing biz model
» Vehicle Asset Utilization goes UP 10X-20X

» From 4% to ~80+%
» Cost / mile ~10X cheaper

. car Fleet ~80% smaller

» 80+% fewer parking spots (1)

Asset Utilization

Copyright © 2016 Tony Seba A%



3D - CLEAN DISRUPTION OF TRANSPORTATION

Energy Efficiency

u 100%
& 5 C

20-95%

Asset Utilization

(el

80 - 90%

Autonomy Capability
A

(*-1) 100%
@~ P

» car Market: From B2C t0 B2B2C

Copyright © 2016 Tony Seba



(4 The Solar Disruption

CLEAN

DISRUPT|ON

OF ENERGY AND TRANSPORTATION
-—

TonySeba

Will Make Ol Nucleor,
Neturol Gos, Cool,
Electric Utilities and
Conventional Cors
Obsolete by 7030

Y
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Solar PV Costs: DOWN 222X

oo
) L]
450/
L - e 2011
| 222X
o 10 100 1,000 10,000 100,000 1,000,000

* hstonc pnces  ——expenencecurve i Chinese c-Simodule pnces + Fwst Solar

Copyright © 2016 Tony Seba Source: BNEF - Economics of PV Power



Market: Solar PV Installed Capacity: UP 174X

250,000

200,000

150,000

100,000

50,000

Copyright © 2016 Tony Seba

Global Installed Solar PV (MW)

185,356

102,156

1,400 1, 765 2, 235 2,820 3,952 5,364 6,946 9-521 .

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

> Solar PV Market CAGR 2000-2015 ~41%
» Solar PV installed Capacity 2000-2015 Growth ~ 1 74X

2012 2013 2014 2015

Source: EPIA, PV Magazine



Can Solar
Continue Growing
at this Rate?

Copyright © 2016 Tony Seba



Solar Cost Trends

VS

Conventional Energy

Copyright © 2016 Tony Seba



Since 1970 Prices for conventional resource-
based energy sources are up 6X - 16X

$120 $9.00 . .
Figure 8: Actual Capital Costs of Completed
$8.00 | ',. l‘ :
US. Nuclear Reactors (in 2004 Dollars)
$7.00
$80 $6.00 L1008
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Copyright © 2016 Tony Seba Source: DOE, Clean Disruption



Solar Cost Improvement vs. Conventional Energy

Solar PV Cost Times
Improvement improvement

relative to: (1970-2016)

Petroleum
Nuclear

Natural Gas

Coal

» Since 1970 Solar PV has improved cost by thousands of times
relative to most conventional forms of energy

» Note: unsubsidized cost of solar PV Source: Clean Disrunton

Copyright © 2016 Tony Seba



BACK TO SOLAR COST TRENDS:

1- Grid Parity, then
2 - Goa Parity?

Copyright © 2016 Tony Seba



DB: Grid Parity in 80% Global Markets by 2017

030 4
c-Si Electricity from solar Demand
a=-Sil2x) B PV is becoming New technology
- 026 4 cheaper... \ wildcard Potential for explosive
= CIGS \ growth in demand Supply
@ B upon convergence
é CdTe
0% rid cost .
E convergence o/
3 f)“/u
“w
g e 4%
S US - Average price of S e i
- electricity in 2009 est: t = =g
rid cosis -

5 9.5 cents/kWh ...and 9 ‘ e ———p

0101 @ eSS

T IR Periodic over | (ave) —O—c-Si(wk) —a—<-Si(h CE)
T Si (un) ———e— CIGS —&— CdT
......... S -supply is SQP,,(,:W Demand .
0 05 Q-_————._————’I—— - m‘um—' \ - -
2003 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020

> Deutsche Bank: Solar Below Grid Parity In
> 47 US states by 2016 ()

» Up to 80% of Global market by 2017

» PWC: 69% of Corporations actively pursuing solar purchases ¢

Copyright © 2016 Tony Seba

Sources: (1) Deutsche Bank (2) PWC



Solar Growth
Rate may

Acceleratel
(TECH S-CURVE)

Copyright © 2016 Tony Seba



Technology Adoption S-Curve (color TV % US)

100 . YY)

\ " ColorTv

80— m
Installed base
sl0] -
40 - -
o) — Price %
0 | | |

1950 1960 1970 1980 1990 2000

» Solar PV Is a technology

» Tech adoption is not linear but follows an S-Curve

Copyright © 2016 Tony Seba Graph Source: Technology Futures, Inc.



Solar GOD Parity
Pomt of No Return




God Parity by 2020 - $ Rooftop Solar <$ Transmission

Transmission
Cosis ¢ KWh

7.00
6.00

5.00

Costof 4.00
Solar

(¢/kwh) 3.00

1.00

0.00
0% 1% 2% 3% 4% 5% 6% 7% B% 9% 10%

Cost of Capital (Interest Rates %)

» God Parity: cost of (unsub) rooftop solar lower than cost of transmission!
> Centralized Generation can't compete
> Obsolete: Nuclear, Natural Gas, and Coal

Copyright © 2016 Tony Seba Source: Clean Disruption
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Utility Scale Solar —> Dropping below ~5¢/kWh

200

2175

PPA Price ($MWh)

$25

20
2008 2009 2010 2011 2012 2013 2014 2015

Contract Execution Date

» 2015 USA PPAs ~5 C/KWh (+/- 1¢/kwh)

» “Solar at 5.8 ¢/kWh is competitive with oil at US$10/bbl and gas at US$5/MMBtu” ()
» 2015 Saudi Arabia PPA 4.9 ¢/kWh (unsub) (Aug’15) (3)

» 2016 Chile PPA at 2.91 ¢/kWh (unsub) (Aug16) (4)

Copyright © 2016 Tony Seba Sources: (1) GTM Research, (2) University of Cambridge & PWC, ((3) CleanTechnica, (4) El Economista



Back to the Future



On the Cusp of major Disruptions in Energy and
Transportation

27016 We are here

-

i
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2016 - Clean Disruption of Energy & Transportation

> The new tech-based architecture of energy and
transportation will consist of billions of distributed,
smart, mobile, connected devices - generating,
managing, consuming & trading energy

1. Energy Storage
2. Electric Vehicles
3. Self-Driving Cars
4. Solar PV

> We will see more changes In energy &
transportation over the next 5-10 years than we |
have seen In a century.

Copyright © 2016 Tony Seba



This is NOT an Energy Transition
This Is a Technology Disruption
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Thank Youl

www.tonyseba.com



Energy & Store

Development Conference 1@ 4 !

Anticipating & Lead]

NG

Disruptions

Opening General Session Keynote




