Act 1.
The possibility



This may be a pivotal moment
in our nation’s history



Scientific American sciam - 6h

<
b A The outcome of today’s election may determine Canada's actions to combat
climate change bit.ly/1RRZbmv #climateaction
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Foreign Policy ForeignPolicy - Oct 16
];P How Canada’s election will decide the fate of the world. atfp.co/1PKRGWW
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This is a pivotal moment
in the world’s history
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The Time Machine”



If you could travel through time...
into the past...
carrying only your knowledge with you,

How far could you bring civilization forward?

How much could you change history?
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Agriculture is the enabling technology of civilization
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Persons fed by one acre of land
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10000 BC 80008C 6000 BC 4000 BC 2000 BC OAD 2000AD

Agriculture was the efficient power of its day

Credit: Ramez Naam, “Infinite Resource”



Hunting and Gathering
)
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Solar energy,
processed through plants and animals

Limited by biology and ecology

Diffuse

Agriculture

Solar energy,
More directly harnessed

Limited by technology

Distributed
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Agriculture

Brought us from diffuse bands of hundreds
and populations of few millions

To connected, urban, technological communities of billions

We overcame our constraints
't unlocked the potential of humanity
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Fossi| Fuels

Solar energy,
processed through plants and animals
...and geologic processes
Limited resources

You have to go find it

Diffuse and poorly distributed

Renewables

Solar energy,
More directly harnessed

Limited only by technology

Distributed everywhere

You need storage
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VWe may be at a similar time in history

Price of a solar panel per watt
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The price of solar power has fallen meteorically.

US Gas
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Only 0.5% of our land would be required
to power all our energy needs
less than 2% of our agricultural land use

We could transcend our past energetic limitations
And power amazing futures
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Act 2.
The challenges



the powerplants being built now will define the biosphere for the next 5000 years



How Many Gigatons of Carbon Dioxide...?

have we released more can we
to date*? ‘safely” release **?
19696tco. 405 360
fossil fuel burning added our
and land use change since carbon
2000 budget
added
1850-2000

Source: Carbon Tracker Project; http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/



http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/

How Many Gigatons of Carbon Dioxide...?

have we released more can we are left to release?
to date*? “safely” release **?

1563ctco.

fossil fuel burning
and land use change

added
1850-2000

Source: Carbon Tracker Project; http//www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/



http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/

Power Plants Last 60+ Years

- Age of US power plants
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I the Chinese Coal Plants Built since 2000 by 2030
last for 50 more years

we burn through =3/4 of our carbon budget

VWe do not lack for coal
Even we are unwilling to shut coal plants down

~ 2 Gigatonne increase in Chinese Coal Demand 2005-2030
| Gigatonne Coal = 2.1 Gigatonne CO2



as the world lights up, where will the power come from?



..Just in time...

We are rapidly approaching climatic limitations

How Many Gigatons of Carbon Dioxide...?

CURRENT HUMAN .
CMISSIONS PER VEAR |39 gigatons
TIME BEFORE WE BREAK N
OUR ‘CARBON BUDGET ]6 YEARS
ns continue to increase | average yearly emissions increase: 2.2%

Source: Carbon Tracker Project; http//www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/


http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/
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Climate Effects

T /1 —1 /1
GLOBAL WARMING over pre-industrial
IF RELEASED +0- 8°C + ]. . 5°C +3'4°C +5'6°C average temperature
1.4°F 2.7°F 3.6°F 5.4-7.2°F 9-10.8°F
SCENARIO happened inevitable “safe” limit tipping point nightmare
SEA LEVEL relative to
RISE BY 2100 1990 sea level

Source: Carbon Tracker Project; http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/



http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/
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Ice-albedo feedback

From Wikipedia, the free encyclopedia

Ice-albedo feedback
(or snow-albedo
feedback) is a
positive feedback -\
climate process
where a change in o
the area of snow-
covered land, ice
caps, glaciers or sea
ice alters the albedo.

This Change in e Diffofencefromavefa:oreﬂectrveness(wcom) : =
albedo acts to Albedo Change in Greenland =

reinforce the initial
alteration in ice area.



Permafrost Thaw Pools in Canada




A hidden danger lurking underground and undersea.
No, it's not Goazilla.
t's methane clathrate.



To which, I must add...



Crimes versus temperature

Until it's too hot
to do anything

1,250 = f
1,200 =
1,150 =

1,100 =

1,050 =

1,000 =

Tempers flare
as temperatures increase

Average number of crimes

® I ! I I [ ! ! I I I
10 20 30 40 o0 60 70 80 90 100

Degrees Fahrenheit

Data from Chicago



Impact of CO, On Human Decision Making Performance
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Classroom CQO2 Levels

600 ppm
Stupidrty
Begins

1000 ppm
Decline
|

|
100 pprn LI NN um‘»'

OUtSide on o O o ON o ofF  On o




But perhaps more important,
we are quickly encountering supply limits

The world needs so much more energy
And we have been running out of fossil fuels




Listed Oil Majors: Capex and Crude Oil Production

300 16.5
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Crude Oil Production and Capex

Combined data for BG, BP, COP, CVX, ENI, OXY, PBR, RDS, STO, TOT, XOM
Source: Bloomberg via Phibro Trading LLC

* Oil production has faltered, even as capex has soared
* Capex productivity has fallen by a factor of five since 2000

* Observed decline trend now approaching 5% per year



VWe have never before spent so much searching and found
so ittle

We spent a record $/00 billion search for oll last year
Replacing only 4.5 months of production in |2 months

Oill 1s half the world's commodity trade and half the cost
structure of the other half



LIMITS 10
GROWTH

"Anyone who believes exponential growth can go on
forever in a finrte world Is erther a madman or an
economist’ - Kenneth Boulding




LIMITS 0
GROWTH

"Anyone who believes exponential growth can go on
forever in a finite world s either a madman or an
economist” - Kenneth Boulding

"...or a technologist, who sees how technology can

transcend our past limrtations” -

Danlelle Fong



Act 3.
Getting to work



Won't all this efficiency be awfully
expensive?



Price and LCC

Price and LCC

Netherlands

Price and LCC per 100 L volume (2008S)

(2008%)

(20088)

X1

:

g 8

g

g

?

:

1000

8

8

100

§ &

Refrigerators

<+— 1988
+— 1

g
4

Clothes Washers

Central AC

50 75 100 250
Cumulative Shipments (millions)

25

50 75 100 250 500
EU 15 Cumulative Shipments (millions)

500

5 25 S0 250

Cumulative Shipments (millions)

Pre-standards Price
Post-Standards Price
Pre-standards LCC
Post-Standards LCC
— Two power law fit

¢OmOD




R D Van Buskirk et al
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Thereisnotreelunch

This lunch will buy you dinner



Thomas Edison’s
First Powerplant

Pear| Street Station

In a sense more efficient
Than most modern
power plants

Don't just waste the heat,
harness It




Natural gas: Local leaks impact global climate

EDF and Google Earth Outreach use new approach to pinpoint climate pollution

Natural gas heats our homes and cooks our dinner. But when natural gas—mostly methane—leaks into the air,
it’s a big problem for the climate. So EDF and Google Earth Outreach teamed up to build a faster, cheaper way to
find and assess leaks under our streets and sidewalks. We tested it as part of a pilot mapping program, and here’s
what we found.

Boston: Older pipes, more leaks Indianapolis: Newer pipes, fewer leaks

—

“India ?jjjjﬁj[_i s

A& )
—\):- Y - ’. < }."\ . H.)
Yo WO *.~ Ao O
) 7 ) (O OH O v/
®. 9l O BN fneten X —=AQCS

Click for interactive map Click for interactive map




Iberta’s Oil Sands Raise
Flaring Emissions as Rules

L The World Bank estimates that over 150 billion cubic metres
ag of natural gas are flared or vented annually. This amount of
...................................................................................... gas is worth approximately 30.6 billion dollars and is

by Jeremy van Loon equivalent to 25 percent of the United States's yearly gas

consumption or 30 percent of the European Union's annual
June 17, 2013 — 9:00 PM PDT

gas consumption.['0)

@ Emissions from flaring, or burning of natural gas, methane and hydrogen sulphide associated with oil preduction, have risen
in each of the last three years. Photographer: Lucas Schifres/Bloomberg
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Snapshot of waste. Infrared cameras quickly show where heat is escaping from a building. The older building on
the right, for instance, has leaky windows.



If you could travel through time...

from the future into the present...
carrying only your knowledge with you,

You would already know what could work

What would you build?
How far could you bring civilization forward?
And what would you need to know?



VWe can provide energy storage,
heating, hot water; and air conditioning
for profound Increases in efficiency
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My own story...



.
Jt 4
e T st AP
S Seidsr .,,.""

SER ErlC SHE O I

D
> N

"
W

e
physics at dalhousie university

”, o t... > o -5 a 1 gme y

O - Sl S ‘. L -
.- - *» ™ . » = -

R TR P e g

"‘ = - . ey vgr = B .‘\.,. _.' :

—




v
1%
-
B’
4
- -
\ - - ’
= . -

2005: begin

""""

Ph

D at Pr

Studying energy wit

- ., ? } -~ - : »
"‘ (2 B - -d ’
Y e 2 PRt b |
] S
h ¢ . .
| g i 1
- | 5
- ! T ——
..\ " . A r_ ‘\\
- B J x - .
.—(l' /-'~". - } y v
N . : L)
\ sl
y - [ o .
1 % .
4/'_‘.—-— .( 5 3
1 ’”
R ik 2 v .
2 g A&
m—— -
- - e -~ '3 -
-
3
- - « - - B
Al
- - - -
< -
- - i - -
0 . (e
- - - -
i K
. - . r P
4 . 3 v o _
B > S ( - . i % .
: s | o <l | P
AT . :
% IS

inceton U

o~

il

{
- R
.
&5 §F4.4
L .
A

niversity

N huclear

‘usion



=
2

2007/: Decide 1t I1s not fast enough, move to Silicon Valley
to become and entrepreneur and chase my destiny



°roblem:
Renewable Energy Is

VWe Need to Store t

s

Ntle

Als

‘mittent

—nergy



A Hot Day in Texas

Electricity prices skyrocket on a hot day in
Texas. What if wind or solar power could
be stored cheaply and delivered when it’s
needed? More profit for the wind and
solar farms, low cost energy for the users,
greener energy for the world.

3:00 AM 9:00 AM

100x

increase over
offpeak price

5:00 PM

$2500 / MWh

$1500

9:00 PM

68



A solar powered world is inevitable — if energy storage can be made economical at scale.

@000

Offpeak Energy Energy Storage Peakers Grid Upgrades

69



Bill Gates, TED, 2010, Innovating to Zero



All the batteries on Earth ca

store onlyl10/minutes of the

world’s electricity needs.

-~ Y \
B
t
_ \
-
-

Bill Gates, TED, 2010, Innovating to Zero
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Offpeak Energy Energy Storage Peakers Grid Upgrades
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VWe need technology that Is

Low Capital Long Service Avallable at
Cost Life Global Scale

Efficient

Enough

75



We have discovered how to do this with compressed air

Efficient

Low Capital Long Service Avallable at

Cost Life Global Scale

Enough

< |/3rd the cost ~ 20-30 year lifetime Harnessing engine  From 25% efficiency

of batteries manufacturing historically
20000+ cycles
Target cost Only need ~ |.% to
<$100/kWh  Tanks already certified of manufa.cturmg
capacity 60 - /0% efficiency

90+9% w/ waste heat

76



_ightSail's breakt
Regenerative air e

The RAES air compressor / expander:

a major thermodynamic innovation

Nrougr

solution:

nergy storage (RAES)

LightSail's proprietary air storage
technology can be sited anywhere

Major advances in both compressor design
and air storage technology



Even If you know what to build,
it was a long road

o iy | yes [ PROBLEMIS
SUCCEED? ALREADY
SOLVED

NO
YES

HAS IT BEEN SO IT’S PROVEN
YOU HAVE AN IDEA TRIED BEFORE? NOT TO WORK]— YOUR IDEA IS WORTHLESS
NO

IF I'T’S NEVER I'T°S PROBABLY
BEEN TRIED... A STUPID IDEA

How the world criticizes 1deas. ..

78



Trends and Forecast in Carbon Fiber Shipment

1508 - § |
Consumption

in million 1bs
Price/ 1b .

a

A

_‘

Price per 1b
|

Consumption in million 1bs

55 _‘I’
<
1970 1985 1990 2004 2008
Rocket & Sporting Industrial Automotive  Wind Energy

Aerospace goods Fuel cell



why don't people already use compressed air?
thermodynamics fights you

PV = NRT

compress air and It gets hot, and fights the compression




when compressing, you want the air to be as cool as possible

when expanding, you want the air to be as warm as possible
nobody had yet made this practical



to fight the heat of compression

we use water spray




During air compression,
mechanical energy is
converted into heat. Spray
water directly into the air
during compression.



Store the compressed air in
a tank.



Exchange heat between the
water and heat storage.



During air expansion, spray
warm water into the expanding
air. Heat energy in the water
Is absorbed by the air and is
converted into mechanical
energy.



why don't people already use compressed air?
thermodynamics fights you

PV = NRT

compress air and It gets hot, and fights the compression

Efficiency (One Way)
100% -

Friction
90% - Electrical Loss
80% - Thermodynamic Loss

® Recoverable Energy
70% -

60% -
50% -
40% - 77% improvement

30% - in efficiency
20% -

10% -

0%

Vintage Air Energy Storage LightSail Air Energy Storage
(Current)



Danielle Fong Dr. Steve Crane Ed Berlin Kevin Walter

Cofounder, CSO Cofounder. CEO Cofounder, CTO VP Mechanical Dev

Began PhD at |/ Physics at MIT, MIT electrical engineer; Protege of Roger Penske

Princeton Plasma Physics Lab  ~jtech and the Engineer of the Year, Developed engines which
Grumman Aerospace won racing championships

Scripps Institute

2009: Combined with world class cofounders



2010: industrial scale proof of concept



201 |: complete scientific demonstration



Age and capacity of electric generators by fuel type, as of year-end 2012
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2012: secure backing



Billions of $

US Cleantech Venture Capital Investment: 2010 - 2015
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[ esson: secure backers allows you to beat the odds



Crankcase

Crankshaft
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2012: design of product



Cylinder

Cylinder Head

Flywheel

201 3: build product prototype



Full scale 200 atmosphere compressor/expander prototype Full scale carbon fiber pressure vessel prototype
500 kW, 1200 RPM Lighter, more inexpensive than anything before

20 14: we demonstrated the technological breakthrough
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The compression process, at full pressure
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How water spray effects efficiency
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How water spray effects efficiency
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Levelized Cost of Energy ($/kVWWh)
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®
Offpeak Energy Energy Storage Peakers Grid Upgrades
3060 Efficiency Penalty
® Charging Cost @ 100% RTE
$0.50 Gl = O&M
| B Depth of Discharge Penalty
Degradation Penalty
$0.40 % Capital Cost
0.04
$0.30 0.10
$0.20 0.06
0.05 0.05
$0.10
$0.00

Previous
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Tesla Lithium  Peak Retall  LightSall Gen | LightSail Gen 2
lon Power Pack  Electricity
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Levelized Cost
of Peak Energy

$/kWh

{22

Offpeak Energy Energy Storage Peakers Grid Upgrades

3160 Levelized Cost of Peak E

Above Ground ‘ e\;e 1ze OOSt ol rea S nergg

Compressed Air Energy Storage rom Stored Offpeak and Solar Peak
versus Diesel Generators
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$1.20

Lithium lon Batteries

$1.00 -
$0.80 -
2010: LightSail Proves Isothermal
Compression
$0.60 -
2014:Tesla Announces Gigafactory
\20I I: Compre-ssion Project
$°4o . . and Expansnon — —— LN J LN J LN J —
Diesel Generators P — 2015: Tesla Announces Powerwall
. ® o — 2020: Gigafactory
= - -, e - e Fully Operational
$0.20 -~ -
2013-2014: Efficiency Gains — — 2018-2019: Vertically Integrate
= 1
and 200 bar pressure  905. ASME Composite Tanks | = wmm e C000 Fiber
$0.00 Certified. 2x kWh cost reduction 2017: 10+ MW production scale
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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@200

Offpeak Energy Energy Storage Peakers Grid Upgrades

Listed Oil Majors: Capex and Crude Oil Production
300 16.1 159 soao 16.5
16.0
250 3
- 155 -é‘
g 200 - - 150 g
= - 145 B
3 150 - =
- 14.0 E =
oD =
= 100 - - 135 T
- 130 B
=
S0 125 ©
o 12.0

?ooo ?007 Pooe 9003 9004 ?oos 8006‘ <Op = ?ooe 900.9 ?070 <'>o77 <o 7>

———CAPEX (SBillions) LHS e———O L PRODUCTION RHS

Crude Oil Production and Capex

Combined data for BG, BFP, COP, CVX, ENI, OXY, PBR, RDS, STO, TOT, XOnM
Sowurce: Bloomberg via Phibro Trading LLC

* Oil production has faltered, even as capex has soared
* Capex productivity has fallen by a factor of five since 2000

* Observed decline trend now approaching 5% per yvear
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Yes, we are raising a funding round. dfong@lightsallenergy.com
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