trim tab!
noun, aeronautics!
an adjustable tab or airfoil attached to a control surface, used to trim an aircraft in flight.
in other words,!
a rudder for a rudder too large to be turned directly.
a lever to move a larger lever,
a leader capable of lead otherwise stubborn leaders to action!

!
This is a pivotal time in history. For the first time ever, the most economically powerful nations in
the world are aligned upon this century’s most critical concern — transforming the energy
infrastructure of civilization from one inducing destructive climate change on a massive scale,
towards an infrastructure capable of sustaining us and our life supporting ecologies indefinitely.!

!

International political will is, finally, willing to commit to publicly and concretely to limit the scale
of climate change — to a scale of approximately half the heating that the planet surface has
experienced since the past ice age. While still drastic, our assessments indicate a dramatic risk
reduction, allowing us to avoid the most severe ecological and societal risks and tipping points.!
!
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!

When, one month hence, at the conclusion of the COP21 (the 21st Conference of Parties on
Climate), we may find ourselves with an international commitment to limit climate change, we
must then face quantitative reality. This is no ordinary challenge. The sheer scale of the world’s
energy systems are beyond any other in civilization. Energy literally powers our society, and
today is a $8 trillion industry — greater in scale than all global tax revenues combined. Hence,
this system cannot be simply reorganized by fiat. The system must transform by economic
steps, lest short term pain overwhelm the will to do right.!

!

Over the next two to three decades, we must find a way to cleanly supply energy services for
the equivalent of 20,000 to 30,000 gigawatts of constant demand. To do so with fossil fuels is an
impractical dream and likely impossible at scale — to do so with nuclear a political challenge
and a security nightmare. To reduce demand with efficiency, policy, and education may be an
even greater challenge. Hydro power cannot scale to these levels, and fusion is still too far out.
This leaves us with solar and wind power, backed by energy storage.!

!
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The rise of solar and wind power is one of the greatest techno-economic achievements of the
past few decades. For both solar and wind power, we have finally passed thresholds where for
typical electric demands the world wide, it is common for wind or solar to be economical on an
unsubsidized basis. And with that, along with a business infrastructure evolved to develop these
projects, global installations have been growing exponentially.!

Global solar Installations have grown exponentially, having passed critical thresholds !

Wind installations have been economical in many windy areas for more than a decade!

!
!
!
!
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!

The challenge is with energy storage. Solar and wind power are intermittent and unreliable, and
demand is both uneven across the day and night and relatively inflexible. Without storage, we
must still supply much of our power with climatologically intolerable levels of fossil fuels.!

!
To meet the economic and political constraints, there is a challenge of cost.!
!
To meet the global demand in time for the world, there is a challenge of scale.!
!
On the economic threshold for energy storage:!
!

This is a simple formula showing the cost criterion energy storage must meet. The objective:
offpeak energy (from the solar peak mid-day, during windy periods, or during the dead of night)
plus the cost of energy storage must be cheaper than the cost of peaker plants (inefficient
plants throttled up and down to meet demand) and the grid upgrades necessary to move power. !

!

Until very recently, the cost of energy storage was untenably high (except where pumped
hydroelectric storage could be used — a small minority of cases). Only in the past year has
compressed air and battery technology become sufficiently inexpensive and long lasting enough
to satisfy this criterion in places where the cost of power being displaced is high. Further
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improvements of nearly 10x for batteries and 3x for compressed air are necessary to make the
economics work in generic circumstances worldwide. My company, LightSail Energy, is
responsible for the dramatic improvement in efficiency and reduction in cost of compressed air
thus far, and is working to make the further cost reductions a reality. !

!
The challenge of scale:!
!

Scale is a challenge that is perhaps more dire than cost. For, it may be possible and even
acceptable to pay a premium for globally sustainable power, at least initially. However, if we
cannot actually obtain the sustainable power, we would have no pathway to meeting our needs
at any price.!

!
And unfortunately, the scale and growth rates of batteries to date have us nowhere close. !
!
Lux Research predicts what it calls a dramatic growth in energy storage.!

!

(source: http://www.luxresearchinc.com/news-and-events/press-releases/read/energystorage-market-rises-50-billion-2020-amid-dramatic)!

!

This represents a compound annual growth rate of about 8% per year. Our estimates of what is
necessary to limit ourselves to just a 4 degree C average heating — approximately one ice age
unit, show that while solar can scale at its current growth rate, 8% growth in batteries cannot. !
!
Quite simply, this falls far short of the mark. !
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!

Compressed air energy storage is, presently, at even smaller scale. However, it has a great
advantage. Air compressors and expanders can be made out of parts manufactured by the
same processes by which engine parts are manufactured. In fact, LightSail Energy’s air
compressor and expanders are made from parts exclusively sourced from engine parts
suppliers, and the majority of engineers on our staff come from the automotive industry.!

!
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Components of the Regenerative Air Compressor/Expander System
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!

Furthermore, an energy storage system is vastly more valuable than an automotive engine. An
automotive engine needs to consume high value fuel — an energy storage system consumes
energy when it is needed least and provides it when it is needed most (and is thus the most
expensive). And an energy storage system can be used much more often than a car engine —
for four hours per day, or more, for 20 years. !

Engines are valued and sold at about $50/kW, whereas energy storage systems and power
plants are valued at $1000 - $2000/kW — a 20 to 40-fold difference. Engine factories may be
able to be retooled into compressed air energy storage system factories with nearly the same
production capacity. This could increase revenues by 20x, or more. !

!

The potential for the Canadian economy is immense. Cars and engines represent the second
largest export class behind oil — and by selling a higher value product, energy storage could
become Canada’s #1 export, its new green backbone. !

But perhaps most importantly, the scale of the automotive industry may be great enough to
meet the world demand for energy storage. Globally nearly 10 TW of automobile engines are
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manufactured every year, yet engine manufacturing capacity is more than 40% underutilized.
That excess capacity, retooled for energy storage production would vastly exceed our needs. !

!

Nonetheless — to meet this need in time, we would have to retool with great speed and
massive scale. But there is a precedent for this: industrial mobilization during World War II. !

!

“If America was to become the Arsenal of Democracy, it had to first convert its civilian-based
industry to the task of producing war materiel. The main industry to be converted was
automobile manufacturing. This American enterprise was equal to the total industry of most of
the countries in the world… Automobiles consumed 51 percent of the country's annual
production of malleable iron, 75 percent of plate glass, 68 percent of upholstered leather, 80
percent of rubber, 34 percent of lead, 13 percent of copper, and about 10 percent of aluminum.” !
“One of Nelson's first orders was to cut off car production, and the last automobile to come off
the production line during World War II did so on February 10, 1942. This move was essential
because during the war automobile manufacturers produced more than 50 percent of all aircraft
engines, 33 percent of all machine guns, 80 percent of all tanks and tank parts, one half the
diesel engines, and 100 percent of the trucks the Army moved on. This industry produced
airplanes by the tens of thousands. Most of the B-24s, the most heavily produced airplane in the
United States inventory, were manufactured by what had been the automobile industry and
most of those were manufactured at one factory, Willow Run. About 20 percent of total United
States munitions production came from the automobile industry. It manufactured 455,522 of a
total of 812,615 aircraft engines and 255,518 of a total of 713,717 propellers. The industry also
produced 27,000 complete aircraft.”!
Like the mobilization of America for war, we envision a mobilization of industry for the
ecosystem. We envision a triumphant retooling of Canadian engine production facilities and
automotive assembly halls, to begin to meet this global need, earn a glorious lead in a critical
new industry, and pave an economical path forward towards a sustainable future.!

!

Our eco-mobilization has already begun.
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LightSail Energy’s founder, Danielle Fong, grew up in Dartmouth,
Nova Scotia. With her father, Greg Fong she has worked to bring
innovation and jobs back to Canada. In collaboration with Innovacorp
(a Nova Scotia Crown Corporation) and Unify Energy (project
developer in Dartmouth), they launched the Liverpool Wind Energy
Storage Project, to be commissioned in 2016. This project couples
wind and air energy storage for the first time, while making innovative
use of waste heat to improve efficiency.!

!

Additionally, the manufacturing and integration of the air tank
modules will be done in Dartmouth at a partner facility.
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In collaboration with Halifax Mayor Mike
Savage, and TEAL Principal & former
Dean of Architecture at Dalhousie
University Tom Emodi, we are working on
a revolutionary green redevelopment of a
downtown region of Halifax. The objective
is to build a significant sustainable living
and commercial district of 16 acres and
2500 residents without requiring
additional electrical generation or excess
distribution infrastructure. LightSail’s
Energy Storage system allows the district
to be powered using off-peak wind energy
and off-peak energy from the nearby
power plants — dramatically improving
efficiency in the system and allowing a net
carbon negative development. We aim to
finance the project with the savings. !

!

Additionally, our regenerative air energy
storage technology “upgrades” heat from
the environment and waste heat sources
(in this case effluent from a water
treatment facility). Like a heat pump, it
provides an extremely efficient source of
heat for space heat and hot water. !

!
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!
The world is looking to Canada to lead in action on climate change where it has once
been powerfully resisting.!

!

This moment has given Canadian technology, Canadian manufacturing might, and
Canadian willpower the chance to provide radically economical energy storage —
perhaps the single most decisive technology the world needs. With our new political
leadership, we can change the direction of our country, align the leaders of nations, and
save this planet.
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