Chapter Ten: Transforming Energy:

We are like tenant farmers chopping down the fence around our house for fuel when we
should be using Nature’s inexhaustible source of energy—sun wind and tide. I’d put my
money on the sun and solar energy. What a source of power! | hope we don’t have to wait
until oil and cola run our before we tackle that

Thomas Edison

Dr. Jeremy Leggett started his profession conducting research on shale oil as an earth scientist
funded by British Petroleum and Royal Dutch Shell. What he learned convinced him to pivot
and became a renewable energy entrepreneur. Now Chair of Carbon Tracker, a financial-sector
think-tank that warns investors of the risk that investments in carbon-fuel assets will be
stranded, he is also a great storyteller. His most recent book, The Winning of the Carbon War
reads like a thriller as it chronicles the transition from the recent past when a fossil future
seemed inevitable to the cusp of the greatest energy transformation in history. Jeremy writes,

A Saudi Prince talks of his nation's "dangerous addiction" to oil, and sets out a plan to
kick dependency within just a few years. A Bloomberg guru talks of renewables
"crushing" fossil fuels around the world. Arguably the most successful entrepreneur
ever turns the unveiling of an electric car not due to be delivered for 18 months into the
most successful product launch in history. A revered Silicon Valley futurist ponders the
seven doublings of the global solar market since 2000—one roughly every two years—
and advises doubters in the technology not to ignore the arithmetic of exponential
growth: six more doublings over the next 12 years would mean 100 percent of global
energy from the sun.’

Official energy prognosticators aren’t worried. The International Renewable Energy Agency
predicts that solar will comprise, at most 13 percent, of global electricity by 2030.

Bloomberg New Energy Finance disagrees, stating,

The best minds in energy keep underestimating what solar and wind can do. Since 2000,
the International Energy Agency has raised its long-term solar forecast 14 times and its
wind forecast five times. Every time global wind power doubles, there's a 19 percent
drop in cost and every time solar power doubles, costs fall 24 percent.'

Leggett is not along in calling 2014 as the year of the shift. Paul Gilding, an Australian corporate
consultant, in a paper titled, “The Fossil Fuel Industry Is Now Entering Terminal decline, writes,

“It’s time to make the call—fossil fuels are finished.... The rest is detail...and once
everyone wakes up to that reality, it will die faster because the market will discount it,
taking away capital and shifting it to the future winners. This process will drive scale
deployment and innovation of renewables while denying capital to fossil fuels,
constraining their options.... The fossil fuel energy industry ...will be all but gone within



15-30 years. The key driver is not what most see as their greatest threat—future climate
change policy. It’s that competing energy products of renewables and batteries, in a
system with electric vehicles, will behave as a disruptive technology always does,
delivering ever lower prices and ever higher quality in a decades’ long period of
innovation and deployment, which fossil fuels can’t match.

Jeremy Leggett worries, in fact, that the transition is happening so rapidly that the fossil
industries may implode before the ascendency of renewables is ready." He cites the Chinese
retreat from coal, the divestment movement, the bankruptcies of coal and oil companies
around the planet and the fall of Venezuela. At the same time that the price of oil falls, the cost
of extraction rises. This, he fears, will result in what Carbon Tracker is now calling a “disorderly
transition.”v

The economic slowdown after 2018 worsened the fundamental dynamic that it now costs
more to pull resources from the ground than they are worth. This puts banks holding debt
paper of extractive industries at risk. The 2008 economic collapse was triggered in part by high
oil prices. The next banking emergency may be triggered by low prices. An analyst writing in
Forbes concluded,

Persistently low oil prices represent a risk on par with the housing bust. And in recent
days we’re seeing the signs of another global financial and economic crisis creeping
uncomfortably closer to a ‘round two.” As we’ve said, this time would be much worse
because governments and central banks have exhausted the resources to bailout failing
banks, companies and countries. But central banks, namely the Bank of Japan and/or
the European Central Bank do have the opportunity to step-in here, become an outright
buyer of commaodities (particularly oil), as part of their QE programs, to avert

disaster. But time is the oil industry’s worst enemy and therefore a big threat to the
global economy. The longer policymakers drag their feet, the closer we get to the edge
of global crisis—a crisis manufactured by OPEC’s price war."!

The global economy remains dependent on the dwindling supply of fossil energy. In 1955, the
Paley Commission in the U.S. urged an immediate transition to renewable energy as a matter of
national security."l Had we done it, the transition would already have been achieved. We have
left it until essentially the last moment, and so concerns about resource security, the issue that
motivated the Paley Commission, are more acute.

This is not to say that we are running out of oil. A Shell oil geophysicist named M. King Hubbert,
writing in the mid-1950s pointed out that if you have a finite resource—and it is a corollary of
the round earth theory that oil is finite—and exponential demand for a resource—which
human desire for petroleum has certainly been since the 1950s—then you fall off the
production curve as steeply as you went up when you have exhausted half of the resource.
Peak oil, named for what was called “Hubbert’s needle,” or peak, has many adherents, who
herald every run up in oil prices as the beginning of the end.” It is more likely, however that we
are facing peak demand. It is true that new oil discoveries are at a 70-year low and declining,*
and the costs of extraction are rising, but the cost of oil continues to fall, because demand is



falling, and alternatives emerging. The success of U.S. shale oil extraction from hydrofracturing
swamped the world market with cheap oil and gas. And this is only the latest example of a
durable phenomenon of oil price volatility.

Daniel Yergin® has long been an advocate of the position that oil is effectively economically
infinite: as soon as shortages begin to bite, the price rises, and the enormous overhang of
efficiency brings demand back down. If this dynamic exhausts itself, then the substitutions
(electric cars, renewables) become attractive as soon as prices get much above $50 a barrel X
The trouble with the belief that we are on the verge of running out of oil is that at higher prices
other alternatives become attractive, too, most especially energy efficiency, and now the
various renewables.

Rising costs of extracting more of the ever-scarcer fossil resources®’ depress demand. Investor
Jeremy Grantham*¥ warns that because of this, the era of economic growth may be over,
entirely. He argues that the years of low economic growth are not an aberration, but the
durable result of exhaustion of productivity gains that cheap energy, and the entry of women
into the work force had made possible, as well as the rising capital expenditures needed to
extract ever scarcer ore bodies, oil and gas. Before the recent fall in oil prices, Grantham stated,
“Resource prices are now rising, and in the last eight years have undone, remarkably, the
effects of the last 100-year decline!"™

This projection may seem at odds with predictions of low prices for oil and gas, and to some
extent it is, but it is precisely the volatility phenomenon discussed above.

Costly Quest

Exxon, Shell and Chevron have been spending at record levels as they seek to boost their oil and gas output. It has yet to pay off.
Below, change in production and capital expenditures since 2009.
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The price of oil, and to some extent gas, is a function not only of supply and demand, but of the
political forces at work. Can OPEC can keep prices high by constraining its members’ desires to
meet their budgets by extracting more?" Are the Saudi’s cashing out of oil and investing in
renewable energy?' They built up a huge war chest to enable themselves to weather
extended low oil prices, but even with this, they will run out of money in five years.* To meet
current accounts,™ they need oil to be at more than $100 a barrel. Countries like the Emirates



can make it on $50 a barrel oil, but Venezuela requires a price of almost $150 a barrel to break
even, and has collapsed into a failed state.*

What matters, however, are the long-term dynamics. If the costs of extracting more resources,
particularly fossil energy and minerals, are higher than the revenues derived from selling the
resulting oil, coal or metals, they will stay in the ground. Which is a very good thing, because if
fossil energy continues to fuel the economy, we truly are lost.

The Climate Crisis

Scientists agree that to avoid total system collapse it is essential to cap global warming at no
higher than 2° Celsius (C) above pre-industrial levels. Our current trajectory will result in a world
that warmed 5° to 6°C or more.

The International Energy Agency’s (IEA) World Energy Outlook™ calculated various scenarios
that would result in a world able to hold warming to 2°C (2DS). This scenario, the focus of the
IEA’s Energy Technology Perspectives “sets the target of cutting energy-related CO2 emissions
by more than half in 2050 (compared with 2009) and ensuring that they continue to fall
thereafter.” The 2DS acknowledges that transforming the energy sector is vital, but not the sole
solution. The goal can only be achieved, in this scenario,*

provided that CO2 and GHG emissions in non-energy sectors (agriculture, waste
disposal, industrial activities) are also reduced. The 2DS is broadly consistent with the
World Energy Outlook 450 Scenario through 2035. This is consistent with an emissions
trajectory that climate science indicates would give an 80 percent chance of limiting
average global temperature increase to 2°C.

In contrast, a middle scenario would see the world warm by 4°C. This is where the world is likely
to get to if no greater action is taken than the voluntary pledges made by countries to cut
emissions and improve energy efficiency prior to the Paris Climate Summit in December of
2015. That may seem easy, but it is a relatively ambitious scenario compared to the emissions
reductions achieved to date and will require significant changes in policy and technologies over
current practice.

Worse, a 4°C world says, World Bank President Jim Yong Kim, is still a “doomsday scenario.”*
The Bank’s report, “Turn Down the Heat,” shows that a 4-degree increase in temperature
would drive extensive crop failures and malnutrition. Rising seas would inundate vast areas,
dislocating large numbers of people.

The 6°C Scenario, an extension of current trends, is the nightmare. By 2050, energy use almost
doubles (compared with 2009) and total GHG emissions rise even more. This scenario is
pronounced by many scientists as unsurvivable XV

Bear in mind that IEA is an intergovernmental organization whose board is composed of
delegates from OECD (the rich countries). There is reason to question strongly whether



their scenarios are bold enough. Leading climate scientists like Johan Rockstrom, Malte
Meinshausen, John Schellnhuber, believe they are far too inadequate, and call for rapid
decarbonization.® They state that “although the Paris Agreement’s goals are aligned with
science and can, in principle, be technically and economically achieved, alarming
inconsistencies remain between science-based targets and national commitments.” They
fear that long-term goals will be trumped by political short-termism.

The Paris goals, they say, must translate into a finite planetary carbon budget:**Vi

A 50 percent chance of limiting warming to 1.5° C by 2100 and a 66 percent probability
of meeting the 2° C target imply that global CO2 emissions peak no later than 2020, and
gross emissions decline from roughly 40 gigatons (metric) CO2/year in 2020 to roughly 5
gigatons/year in 2050.

To make this happen, Rockstrom et al introduce a global roadmap based on a simple
heuristic—a “carbon law”—of cutting gross anthropogenic carbon-dioxide emissions in
half every decade. If such a reduction pathway is combined with carbon removal and
efforts to cut land-use emissions, “this can lead to net-zero emissions around mid-century,
the path necessary to limit warming to well below 2°C.”

The roadmap affects all sectors and suggests much more rapid action than hitherto
discussed. Fossil fuel subsidies have to be abolished no later than 2020. Coal has to

exit the energy mix no later than 2030. A carbon levy of, at minimum, $50/ton must be
imposed. Combustion engines should no longer be sold after 2030. After 2030, all building
construction must be carbon-neutral or carbon-negative—a daunting task. Agro-industries
must develop sustainable food strategies and massive reforestation programs be launched.
Removal of CO2 from the atmosphere will have to complement efficiency in the form of
biosequestration (BECSS) and/or direct air carbon capture and storage (DACCS). Direct
carbon capture, however, remains an expensive proposition.x*Vii As described in Chapter
Nine, using smarter agriculture to take carbon out of the air and return it to the soil makes
great sense.

But what really is needed is a new energy economy.

The Chronology of Change Over the Last Four Years Is Inspiring
In June 2014, Citi Group released its “Energy Darwinism” report, warning of the “alarming fall in
the price of solar.” Alarming to who?

Citi stated that this was now the Era of Renewables, predicting that within 10 years solar, even
without subsidies, would be the cheapest way to generate electricity. ! Actually, in much of
the world, it already is.*™

And if we did the economics honestly it already would be everywhere:

Subsidies are a two-edged sword. They have been instrumental in the shift to clean energy, but
we also subsidize the continued use of fossil fuel. Free marketeers would prefer eliminating ALL



subsidies and letting the technologies fight it out in the market. This isn’t going to happen. But
the magnitude of the subsidies makes clear the economic advantage of eliminating them. In
2015 the International Monetary Fund reported that fossil subsidies had reached $5.3 trillion a
year, or $10 million every minute, more than all spending in the world for health care.® The
IEA has repeatedly called for an end to such market distortions.

Such economies as Egypt, India, Indonesia, Malaysia, Mexico, Thailand and the United Arab
Emirates are doing just that: cutting or abolishing fuel consumption subsidies. It’s not easy.
These hold prices of fossil fuels lower on the argument that poor people cannot afford higher
prices, and from China to Indonesia to Iran to Africa, efforts to cut such subsidies have resulted
in riots.

It would at least be better to eliminate the worst subsidies and use the money to make poor
people less poor.

[Chart: ]

1 kiloWatt (1KW) about the amount of power used by a hairdryer. A typical middle class
home uses somewhat under 10 KW on average. ™!

1 megaWatt (1MW) about the power. About enough to power 164 homes from solar
photovoltaics. The actual amount depends on where you are (how much sun you get,
and how efficient the solar panels are >

1 gigaWatt (1GW) is a billion Watts, roughly the amount of power produced by a nuclear
plant.

1 kiloWatt hour (1kW/h) the energy to run a hairdryer for an hour. Typical electric rates
in the U.S. are 11¢ kW/h. Energy efficiency in well-run programs costs %¢ kW/h.
Running a natural Gas plant costs 4 to 6¢ kW/h. Building a new nuclear plant can cost
upwards of 20¢ kW/h>V

In January 2015, Deutsche Bank analyst, Vishal Shah, predicted that rooftop solar will be the
cheapest electricity option for everyone in the US by 2016.** In April 2016, the average cost of
rooftop solar was 12.2¢ per kiloWatt hour (kW/h). The average cost of grid electricity was 12¢
kWh.XXXVi

Only one month later Agora Energiewende, a German think-tank, reported that solar electricity
was already a low-cost renewable energy technology in many regions of the world. i |t stated
that by 2025 solar will be the cheapest form of electricity everywhere. The report described
how large-scale photovoltaic installations in Germany fell from over 40 cents per kilowatt-hour
(c/kWh) in 2005 to 9 c/kWh in 2014, with even lower prices reported in sunnier regions of the
world.

Even with no technological breakthroughs, the report concluded, there is no end to cost
reduction, with costs of 4 to 6 c/kWh (competitive with just the running cost of a natural gas
plant, heretofore the cheapest option) expected by 2025, and 2 to 4 ¢/kWh by 2050. In spring



2016 a consortium of solar developers led by Abu Dhabi committed to build the 800 MW
Mohammed bin Rashid Al Maktoum Solar Park at an unsubsidized price of 2.99¢ kWh. i At
that price, solar competes with energy efficiency. The German study warned, “Most scenarios
underestimate the role of solar power in future energy systems.”

The National Bank of Abu Dhabi now says that even at $10 a barrel, oil no longer competes with
solar™ Wind has even cheaper. Dong Energy’s latest unsubsidized offshore wind farm is bid at
less than the running cost of a natural gas plant. UNSUBSIDIZED. The report’s projected 2025
price was achieved for utility scale solar four months later when Austin, Texas, announced that
its utility had >

received offers for 7,976 megawatts of projects after issuing a request for bids in April.
Out of those bids, 1,295 megawatts of projects were priced below 4 cents per kilowatt-
hour.

Change rolled on. In March 2015 Bloomberg Business reported that from 2013 to 2014,
California went from utility-scale solar installations supplying 1.9 percent of its electricity to five
percent.X And that number is not even counting the private roof-top solar, which would
increase the figure by almost half again.ii The National Bank of Abu Dhabi report stating that
solar energy is on track to achieve grid parity in 80 percent of countries by 2017.

In April, 2015, Michael Liebreich of Bloomberg New Energy called the time of death, saying,
“Fossil fuel just lost the race with renewables....The world is now adding more capacity for
renewable power each year than coal, natural gas, and oil combined. And there's no going
back.”" By late 2016 he declared that solar was now cheaper than coal, and even more
surprising, cheaper than wind .

In late 2016 the CFO of Royal Dutch Shell stated that the company expects demand for oil to
peak by 2020V

In 2017, the amount of electricity generated by nuclear in the US fell below that generated by
renewable energy. Solar and wind are now cheaper in most of the world than the cost of
running an existing coal, gas, or nuclear plant. Nuclear is dying, solar, wind and the other
renewables are increasing. It’s only a matter of time before the old nuclear plants are shut
down and a brighter future dawns. i

If humanity is in a horse race with catastrophe, we may just be witnessing the winning move.

The Rest of the World

In June 2015, the Institute for Energy Economics and Financial Analysis reported slowing
demand globally for coal and rapidly rising investment in renewables. Tim Buckley, the
Institute’s Director of energy finance stated,

Globally, 2014 was the year of the renewable energy installation juggernaut....
Wherever you look around the globe, be it China, India, Europe or the U.S., the trend of
a rapidly-expanding renewable energy industry is the same. 2015 will inevitably see this
gather pace. Vi



He was right. In 2014, South Africa began using solar and wind to meet its capacity shortfalls
because doing this was cheaper and faster than building new coal or nuclear facilities. ™ This
saved the country $69 million that year,' created jobs' and local industrial capacity. With
proposed coal plants on hold because of soaring costs,' South Africa then commissioned 79
renewable energy projects, totaling more than 1 GW. A gigawatt is roughly a nuclear power
plant-sized chunk of capacity, but a new nuclear plant would take 10 years to build and cost $6
per Watt according to one recent estimate.' Coal, long thought of as dirt cheap, comes at $2.30
per Watt. Top Chinese manufacturers were producing solar panels for 42 cents per Watt."v

South Africa’s renewable capacity hit 5.24 GW in 2015, and 7 GW by 2016," up from nothing in
2012.M Another 6.3 GW is already commissioned." No fossil technology can scale this quickly.

Across the Atlantic, Brazil’s commitment to biofuels and hydroelectricity made it independent
of imported oil in 2006."i Since 2009, Brazil has added solar and wind energy, contracting 14
GW of wind at prices below any other option. In 2014, at prices only a bit higher, Brazil also
brought on almost 1 GW of solar energy. As a severe drought drives Brazil’s electricity prices
higher, industries eager for access to reliable and affordable power are turning to renewables
that do not require dams and abundant rainfall."™

The biggest user of energy, China, is becoming the world’s renewable energy powerhouse.

As described in Section Two above, China is coupling energy efficiency with renewable energy
to shift away from fossil fuels. The IEEFA study agrees: “While real economic growth in China
exceeded seven percent, electricity demand grew by less than four percent.” Rapid supply
diversification saw China’s coal consumption drop two percent and coal imports fall by 11
percent in 2014. China’s coal demand may have permanently peaked in 2016 and will decline
thereafter, the report predicted.”

Growing its installed solar capacity by twenty-fold within only four years, China went from a
capacity of 0.3 GW in 2009 to 13 GW by 2013™ and added 30.5 GW of renewable energy in
2015, 16.5 GW of that solar. It plans to grow its renewables 21 percent in 2016.

The transformation has only begun. The "China 2050 High Renewable Energy Penetration
Scenario and Roadmap Study" released in 2015 found that renewable energy could
economically provide China the majority of its energy by 2050."" Wang Yimin, representing the
State Grid Corporation of China, told the United Nations Global Compact meeting on pricing
carbon in June 2015 that by 2050 China would be 80 percent renewable.™

Even India, the world’s fourth largest emitter of greenhouse gasses, and long seen by the coal
industry as their last great hope, is entering the solar age.™ As described in Chapter Four, India
pledged to cut the energy intensity of its economy up to 35 percent by 2030, and get 40
percent of its electricity from non-fossil sources by then.™i' India’s Power Minister, R.K. Singh,
observed, “This is a matter of worry for those who produce coal or oil. But, this (growing use of
renewable energy) cannot be stopped as it makes economic sense.”™ii



At the Paris Climate Summit in 2015, Indian President Narendra Modi joined French President
Hollande in launching the International Solar Alliance, a union of countries with abundant
sun.™ India, like Pakistan, has long declared that it has every right to burn coal, or build nuclear
plants (the latter clearly for military purposes in both cases) to deal with energy poverty.
International energy experts have, however, pointed out for years that the fastest, cheapest
way to reduce energy poverty is to enable villagers to use the biomass they now burn (dung or
wood) far more efficiently in better cookstoves, or in biogas plants, and to leapfrog to
renewable energy as soon as possible.™

Modi pledged to enable India to exceed its 2016-17 target of 30 GW of renewable energy to
175 GW of renewables, most of it solar, by 2022. To achieve this, India increased its subsidy for
roof-top solar five-fold to $3.7 billion in late 2017.™ If successful, it would cut 326.22 million
tonnes of carbon dioxide equivalent per year. States such as Punjab and Karnatatka are
shuttering coal plants and building solar, instead.™ India also has a significant wind resource,
estimated at 70 percent of India’s renewable potential. i

Companies like SELCO (the Solar Electric Light Company™ are delivering this future today.
SELCO sells solar electric panels that provide lighting and electricity to poor villagers, at monthly
prices comparable to what they would pay to use traditional, less effective sources. Through its
network of 25 centers across India, SELCO provides solar lighting and electricity, clean water
and wireless communications to underserved households and businesses with advanced but
inexpensive lighting, electricity, water pumping, water heating, communications, computing,
and entertainment. The systems do not require connection to a larger network. SELCO meets
its customers where they live, partnering with rural banks, leasing companies, and micro-
finance organizations to provide necessary credit. It has brought reliable, environmentally
sustainable electricity to 200,000 homes and businesses since 1995. SELCO empowers its
customers by providing complete packages of products, services and consumer financing.

With solar electricity comes communication technology, clean drinking water, refrigeration,
power for clinics and other development technologies. Lighting even one bulb enables villagers
to provide light for silk worms, for looms, and moveable lights that can go room to room as
needed. This gives them an income source to power sustainable development.

SELCO’s market based system, requiring no government subsidies, lifts thousands of people
from poverty vastly more effectively than many aid programs. The company’s founder, Dr.
Harish Hande, suggests that development experts rethink their definition of what poor people
can afford. He argues that the poor actually spend a great deal of money on kerosene lamps,
diesel for generators, and batteries for flashlights. With fair financing, they are capable of
paying for a solar installation to displace the more wasteful options. If people are told that the
solar installation will cost them $30 a month, they tend to say that it is too expensive. But if
asked to pay S1 a day, they agree, “Yes, we can do that.” In the SELCO model, the purchaser
pays 20 percent down. SELCO provides financing that enables the buyer to pay off the system in
4 years at $10 - $20 per month. The financing matches a person’s ability to pay.



President Modi has realized that conventional western grid-based systems will never meet the
needs of the 360 million people in India without electricity. Only distributed renewables can
meet his goal of electricity in every household. According to the Climate Group and Goldman
Sachs this approach can overcome projections that, business as usual, only 10 percent more
households will get power over the next 10 years.™

The Profound Transformation:
Massive change is coming to the energy sector. Entrepreneur Elon Musk created a car company
that now threatens the car, oil, gas, coal, nuclear and utility industries.

In early 2016 Tesla’s market capitalization was $30 billion, compared to $47.7 billion for GM.»i
despite selling 300 times fewer cars. By spring 2017, the company’s market cap exceeded $52.7
billion, beating both Ford Motor Company and General Motors.”™ i Tesla also pulled off the
entrepreneuring coup of the century, selling $10 billion worth of orders in one day for cars that
would not be built for at least a year.”™ii

OK, it’s a market darling, but what makes it such a threat?? Because Tesla, as its Master Plan
Part Deux, released July 2016, makes clear, is not a car company, it’s a battery company. More
than that, it’s an integrated energy company. In 2016, Tesla bought Solar City to integrate all of
the energy solutions customers want. Combining rooftop solar with home battery storage with
electric cars™™ will eliminate pretty much any rationale to dig up and burn ancient sunlight in
ways that are dirty and dangerous. If battery costs come down as they have been—dropping 70
percent since 2009™*—then the game really is over for the fossils.

Advocates of last century’s energy options think this is nuts. OPEC believes that in 2040, electric
vehicles will make up just one percent of all vehicles.

They‘d best watch out: Bloomberg New Energy Finance sees 2025 as the peak year for oil, coal
and gas.”™ In 2009 there were essentially no electric cars on American roads, compared to
nearly one billion gasoline cars. Today there are more than 2 million cars with a plug, and
electric car sales are increasing ten times faster than purchases of fossil fueled vehicles.™
China, representing one quarter of the world automobile market mandated that eight percent
of cars sold there be electrics by 2018.™ii |n 2017, it announced that it would begin phasing
out sales of internal combustion vehicles.™V

Cheaper oil prices in 2017 engendered one last American explosion of sales of urban assault
vehicles. But by fall 2017, EVs sales regained their American momentum, increasing almost 50
percent over 2016. Globally, sales rose 63 percent in the third quarter of 2017 over the year
before, with China representing a half of the increase.”™i

Such numbers are impressive, but the increases are over a very small base. EVs have only just
reached the one million sold per year mark, one percent of global car sales. Like many new
technologies, they are also very sensitive to policy shifts. But globally, policy seems to be going
in the right direction: like China, countries from the UK to France, India and the Netherlands say
they will ban sales of fossil fueled cars, with California likely to follow suit.”oi



In Norway, a combination of tax relief, free parking and ability to drive for free on toll roads
brought electric vehicles to almost half of all new car sales. AlImost 40 percent of Norway’s cars
are now electrics, and they expect that to be 100% within eight years.™ii And they are
cheaper to operate: a grid charge costs the Norwegian equivalent of a couple dollars. A fill-up of
gasoline would cost $6.” |n the U.S. the money you spend on monthly payments for a Nissan
Leaf is what you would have paid in gasoline. In effect, the company has given you a free car.*®

Bloomberg believes that EVs will constitute half the cars on the road by 2040. But long before
this, by 2023, it predicts, reduction in demand for gasoline will cause another oil price
collapse.“ With transportation responsible for 30 percent of carbon pollution, soon a bigger
problem than power plants,! displacing oil for vehicles will be as big a deal for climate
protection as bankrupting coal, but it will be a far bigger deal economically.

Whole new business models are emerging. One of Solar City’s co-founders, believes that well
before 2020 there will be a “sharing economy for electricity.” ! Battery costs will have come
down so much that houses will all have battery banks like the Tesla Wall, capable of powering
them through the night from the solar energy stored during the day. These smart storage units
will be able to trade power with electric cars, and share electricity across the grid, earning their
owners extra cash every time they do and further stabilizing a renewable grid.*V

This means that traditional utility companies face the “Death Spiral.”*® Their old business
model of building large fossil plants is no longer viable. Former Energy Secretary, Dr. Stephen
Chu warned, “The utilities are in danger of getting ‘Fed-Exed’ just like the Post office got ‘Fed-
Exed’ as roof-top solar modules drop in price.”

In Europe, where feed-in tariffs allow farmers, cooperatives, communities and citizens to make
money from installing renewable energy, RWE and Eon, two of the biggest European utilities
lost 60 percent and 91 percent of their profits respectively in the first nine months of 2014.
Declaring themselves to be distributed renewables companies, they divested of ownership in
fossil and nuclear facilities.

Most utilities, however, still fight the transition. All things equal, they claim, gas is cheaper than
renewables and battery storage, and gas is the transition fuel to a renewable future.

They’re wrong. A report from Lazard ! proves it:

The levelized cost of utility-scale solar power with storage is $92 per megawatt-hour
(MWh). This means that solar-plus-storage can be highly competitive, even after dark,
with natural gas peaking plants, which have levelized costs ranging from $165 to $217
per MWh. It is even competitive to a degree with gas-powered reciprocating engines,
whose costs are from $68 to $101 per MWh....Both onshore wind and solar PV have
seen insane drops in cost over the past eight years—66 and 85 percent,
respectively....And, in ... emerging nations ... electricity demand (is) rising quickly. They
need new electricity generation, and when one surveys the options for new power
plants, renewables look really good.



In Australia that became true in 2016: storage plus solar is cheaper than gas-fired generation.x*

In late 2017, the coal dependent Public Service Company of Colorado released the numbers
from its request for bids to supply energy for its utility customers. Thousands of MW of wind,
solar and solar with battery storage were offered at prices far below competing fossil options:©

Median wind price below 2 cents/kwh
Median solar below 3 cents/kwh and
Median solar and storage median price at 3.6 cents/kwh.

The future has arrived.

In late 2016, the Financial Times® reported that Fitch Ratings agreed that gas plants were
unlikely to have much of a future, but warned that utilities are not the only ones at risk:

“Widespread adoption of battery-powered vehicles is a serious threat to the oil
industry....The oil sector would not be the only industry affected. Big electricity utilities
burning fossil fuels such as gas or coal face the risk of batteries solving the intermittency
problem of wind or solar plants that cannot generate on windless days or at night.

Utilities with a lot of gas “peaker” plants that deliver power quickly at times of peak
demand, when prices are generally high, could be more at risk. If batteries start
supplying this peaking power, prices could eventually fall to the point where “traditional
peakers can no longer compete....But the impact of batteries on the oil industry may be
profound.... transportation accounted for 55 per cent of total oil use in 2014....An
acceleration of the electrification of transport infrastructure would be resoundingly
negative for the oil sector’s credit profile....In an extreme scenario where electric cars
gained a 50 per cent market share over 10 years about a quarter of European gasoline
demand could disappear.

It endangers the banks, as well: a quarter of all corporate debt, perhaps as much as $3.4 trillion
is related to utility and car company bonds that are tied to fossil fuel use. Fitch, the ratings
agency warned that low cost batteries could

“...tip the oil market from growth to contraction earlier than anticipated. The narrative
of oil’s decline is well rehearsed—and if it starts to play out there is a risk that capital
will act long before” and in the worst case result in an “investor death spiral.”

Tesla and other battery companies are working hard to make it so. In 2016, Tesla teamed with
four other battery companies to set the world record for fast installation of utility-scale battery
storage.

The speed was driven by crisis. In 2015, the natural gas well and storage facility at Aliso Canyon
operated by Southern California Gas Company failed. For 119 days, gas spewed out, forcing
thousands of nearby residents to evacuate, hospitalizing many and emitting as much climate
damage as a year’s worth of 2 million cars, the burning of a billion gallons of gasoline or the



corporate emission of 9 million tons of CO2.%" This loss of gas cast into doubt utilities” ability to
meet summer peak demand. Southern California Edison and San Diego Gas and Electric
companies commissioned Tesla, Samsung, AES and others to meet the shortfall with the largest
utility-scale battery storage facility ever built.

In early 2017, six months later, 20 megawatts of battery storage went live, capable of delivering
80 megawatt hours. !l In contrast, competing gas peaking plants would have taken years to
build and required far more land. The exercise was driven by need, but soon such facilities will
simply be cheaper.®V

Tesla immediately bet that it could install 100 MW of storage in South Australia, creating the
world’s largest battery, in 100 days or the rig would be free. It won that bet, proving not only
that grid-scale storage is faster, but now cheaper than any other option.¥

Elon then signed a deal with South Australia to give 50,000 low income households solar panels
and Tesla Wall battery packs, creating a 250 megawatt virtual power plant, the world’s largest.
Smart meters will dispatch the power from the distributed renewable and battery storage
systems, giving the utility the ability to react to load fluctuations instantly, and reliably, giving
the residents a 30 percent discount on power.® South Australia plans to greatly expand the
system in the coming years.

Battery technology continues to improve and prices fall. They’ve dropped by almost half since
2014. In Ojai California, SimpliPhi Power is producing lithium ferrous phosphate batteries for
the U.S. forward operating bases in Afghanistan,® as well as for homes in the U.S. and aid
operations in Africa.©l Unlike the lithium cobalt batteries produced by Tesla and most other
battery companies, SimpliPhi’s product is non-toxic (cobalt, a conflict mineral, is highly toxic.)®
The military likes them because they do not get hot, and without a heat signature are far less
likely to attract a heat-seeking missile. In home applications they are far less likely to catch fire.
They don’t care if they get cold, hot or are deployed in inhospitable conditions.

Organic flow batteries of the sort now being prototyped are safer, cheaper and capable of
being scaled to backup renewable technologies.® Similarly, vanadium flow batteries are safe
and scalable for utility applications. Vanadium is an abundant material, and because of the
nature of the system, the batteries do not degrade over time, or develop “memory.”

Lithium air batteries being developed in the lab use far less lithium and can store five times as
much energy as today’s lithium-ion batteries.®"

Going all the way

With cheap, ubiquitous batteries, solar and wind become firm power and replace all fossil
power plants. Already a growing number of companies and cities are committing to become
100 percent renewably powered

Launched during Climate Week in 2014, the RE 100 is a consortium of more than 119
companies who have pledged to go 100 percent.® They range from Unilever and WalMart to
Google and Goldman Sachs, Coca Cola to BMW and Apple. Most companies pledging to go



entirely renewable have set target dates of 2020, but commitment dates range from “soon” to
2016 in the case of Microsoft and Pearson, to 2050, the date set by the world’s scientists as
needed for decarbonization. Alstria, a large real estate company in Germany, has committed to
power all of its portfolio buildings with renewables by 2025.

Google became 100 percent renewable in 2017 through purchasing energy from installations in
five countries on three continents.*" Unilever, promising to be 100 percent renewable by 2020,
has also pledged to be energy positive by 2030—making more renewable energy than it needs
and giving power to the communities in which it does business.®¥ Corporate buyers make up 50
percent of the purchases for renewable energy in the U.S, even in the face of historically low
prices for grid electricity (from the natural gas bubble.) The second biggest buyer is the U.S.
military, which has found that renewable energy enhances its warfighting ability.®V

In the wake of the historic agreement by all of the world’s nations in Paris in late 2015 to cut
carbon emissions and drive the transition to renewable energy, more than 1,000 cities have
committed to become 100 percent renewable powered. Since the U.S. announcement that it
will not honor its Paris commitments, this movement has gained strength.

Author and technology investor, Ramez Naam agrees. Asking how cheap solar can get,*! he
reviews the falling prices for solar, wind,*! battery storage®™ and electric vehicles®™ to predict
that renewables can provide at least 90 percent of American energy by 2030. His answer: very
cheap indeed.

Naan believes that three changes to the current electricity supply system will make this
possible: increasing capacity factors for solar and wind, far lower prices for battery storage and
grids that span continents.o

Entrepreneur and financier Jigar Shah believes that the only things stopping all of this is a lack
of effective business models and financial innovation. His book Creating Climate Wealth®"
issued the 100 x 100 =10 challenge: a worldwide challenge to solve climate change by
unleashing the equivalent of 100,000 companies each selling $100 million worth of climate
change solutions by 2020, creating a new $10 trillion economy. i

“Solving big challenges have always resulted in wealth creation. Think about the
challenges of transportation, and then the economic and societal impact of the railroad,
automobile and airlines. Or think about any other industry like telecommunications.
Then let’s think about big goals we have had like curing polio, or landing a man on the
moon. Addressing all of these issues had much more of an impact on our society and
our lives than just solving the problem or taking on the challenge. Each changed our
lives, created jobs, and made life better. We have always been able to make problems
into opportunities. So, | look at climate change as the biggest opportunity in our
lifetime, in fact the largest wealth creation opportunity on the planet.” oV

Shah’s business model innovation of “no money down solar installations” is one of the three
reasons that solar is now adding more new energy generating capacity each year than coal, oil



and natural gas combined. He believes that 50 percent of greenhouse gas emissions will always
be profitable to eliminate due to continuous technology innovation.

Utility-scale PV:
283 million GWh

@

U.S. annual electricity consumption:
TECHNICAL POTENTIAL 3.7 million GWh

The shift is already creating wealth where it is being implemented. In California, which, as
described above, has committed to cut it carbon emissions 80 percent below its 1990 levels by
2050, there are already more people employed in the solar industry (64,000 people) than in the
electric utilities. Manufacturing is expanding in the state, and the economy is booming, with
state gross income increasing 17 percent from 2003 to 2013, while greenhouse gas emissions
fell by 5.5 percent.**V

In his early article declaring the end of fossil fuels, Paul Gilding wrote,

With renewables already competitive today without subsidy in some markets and the
above trends playing out, it is inevitable that before long—maybe a decade—uvirtually all
new electricity generation will be from renewables. Add in the need to be clean—not
just for climate change reasons but for local air quality—and the choice developing
countries will face will be between large, old, dirty, hard to finance infrastructure that
requires heavy government support or small scale, easy to finance, more convenient,
popular and clean energy and transport that will get even cheaper over time. Tough
choice?

So the very thing that the fossil fuel industry had relied on for its growth—the rapidly
expanding need for energy in the developing world—is the very thing that will drive the
competition to wipe them out.o*

Change will not come easily. President Jimmy Carter once stated that energy was not a
commodity, but the entity on which the entire economy depends. Thus, he said, any attempt to
limit America’s supply of it was, “The Moral Equivalent Of War.” Such beliefs derive from
extremely powerful forces and will not cede global power gracefully. The Union of Concerned
Scientists study, The Climate Deception Dossiers showed that for decades the fossil industry



conducted a coordinated campaign to spread climate disinformation and block climate action
to protect its profits,®Vi

A common way of arguing for the continuation of the status quo is to claim that renewables
cannot possibly meet our energy needs until after said fossil company executive, or incentivized
legislator has safely retired. Despite the evidence listed above, they can find plenty of analysts
like the U.S. Energy Information Administration to say that coal will provide a third of the
world’s electricity by 2040, and renewables only 17 percent.oViii

If that is true, say fossil advocates, and if climate change is a threat, then it will be essential to
make all that coal clean, using carbon capture and sequestration (CCS). It is tempting to say
that, well, China will burn a lot of coal, regardless, and therefore perhaps we should invest in
this technology. Sure, it has never worked on a commercial scale, but shouldn’t we put more
research dollars into one more go...?

No. We shouldn’t. The trouble is that, like nuclear power, it will take a LOT of dollars, assuming
you can ever get it to work. .

Bill Becker, Executive Director of the Presidential Climate Action Project described why carbon
capture can never deliver:>*x

Despite the years of research and spending, CCS is not yet ready for large-scale
commercialization. So, part of the price is further delays in the urgent job of cutting
emissions. Electric customers will pay a significant price: Researchers say that CCS would
add between 35 percent and 80 percent to consumer electric bills initially, and only
slightly less in the long term.

Power plants equipped with CCS would increase water withdrawals by 83 percent to 91
percent depending on the type of technology used to generate electricity. That makes
CCS problematic in arid and drought-affected places and in places where power
production must compete with agriculture and city water consumption.

It’s time to stop nibbling at this bullet and invest in the triumph of the sun.“** This change can
happen fast. Globally renewables have been increasing dramatically. In Chile® and
Germany“i recently, so much solar energy was produced that the utility gave it away for free.
Germany has pledged to be 80 percent renewable by 2050, Scotland 100 percent by 2020. In
the U.S. since 2009 solar costs have dropped 80 percent and installations increased 20-foldo*i
to more than 42 GW in service. In 2016, annual installations grew 95 percent over the number
of only a year prior.®V

Is it enough? Is it too much?

Some predictions say that all this is just the beginning. As described in Chapter One, Stanford
Professor, Tony Seba, believes that by 2030 the entire world will run on renewable energy—not
just for electricity, but for all forms of energy. If this is true, oil companies, gas, coal, uranium
extractors, the nuclear industry, utilities, the auto industry and the banks that hold the loan



paper for all of these industries will either become part of the solution or they won’t be a
problem, because they won’t exist.

Seba’s book, Clean Disruption,”* describes why he believes the transformation will come so
fast. He credits the convergence of disruptive technologies and business models, especially four
factors: the fall in the cost of solar, the fall in the cost of storage (batteries), the electric car and
the driverless car, to make a renewable world inevitable.

This will have profound implications for, well, everything. But particularly for transportation.
Transportation as a Service using autonomous electric vehicles will be ten times cheaper than
current private ownership of internal combustion cars. Seba points out that whenever in history
a new technology has enabled ten-fold savings, it has driven disruption of the dominant
industry, ooV

He reminds doubters that experts totally underestimated sales of mobile phones. In the 1990s,
McKinsey told ATT that to expect 900,000 mobile subscribers by the year 2000. They were only
off by 108 million.®*ii By 2014 there were more mobile phones on earth than the seven billion
people, increasing five times faster than humans.oVili

Seba cites what is called Swanson’s law®** (named for Richard Swanson, founder of the solar
company Sun Power) which holds that for every doubling of solar photovoltaics made and
shipped, the price declines 20 percent.

Seba’s colleague at Singularity University, Ray Kurzweil, calculates that it would only take six
more doublings to power the entire world with solar:™

“In 2012, solar panels were producing 0.5 percent of the world’s energy supply. Some
people dismissed it, saying, ‘It’s a nice thing to do, but at a half percent, it’s a fringe
player. That’s not going to solve the problem.” They were ignoring the exponential
growth just as they ignored the exponential growth of the Internet and genome project.
Half a percent is only eight doublings away from 100 percent.

Now it is four years later, [and solar] has doubled twice again. Now solar panels produce
2 percent of the world’s energy, right on schedule. People dismiss it, ‘2 percent. Nice,
but a fringe player.” That ignores the exponential growth, which means it is only six
doublings or [12] years from 100 percent.”

It’s not true we’re running out of energy. We’re only running out of resources if we stick
with 19th century technologies.

That’s fast. And it’s possible. Dr. Mark Jacobson of Stanford demonstrated in 2009 that
renewables could power the world by 2030.% His Solutions Project has shown how to do that
for every U.S state.® More recently, scholars like Christian Breyer have shown how to do this
with photovoltaics alone. ™

Seba warns that falling costs will see solar achieving not only global grid parity by 2018, but
soon what he calls “God parity.” This means that the cost to put solar on your roof is cheaper



than just having the utility ship power to you and maintain its lines. In this scenario, which Seba
believes could come as early as 2020, even free electricity at any central station would be more
expensive than distributed solar. Tony writes: ™V

Don’t believe in the Clean Disruption? The IEA wants you to invest $40 trillion in
conventional energy (nuclear, oil, gas, coal) and conventional utilities. It’s their Kodak
moment. It’s your money.®V

OK, a new solar array goes up in the U.S. every 150 seconds,®" but can the whole world be
renewable by 20307 No way, you say....

Or will it?

In August China announced that it had already eclipsed its 2020 goal in solar installations. It
now adds 45 GW of solar (more than the entire installed solar capacity of Germany) every
year.®Mi California predicted it will hit its declared 2030 target of getting 50% of its power from
renewable energy by 2020—10 years early™"ii—and, as described earlier, is debating resetting
the goal to 100 percent renewable power.

In April 2017, an industry journal predicted that solar power would fall below 2¢ per kilowatt
hour (kWh) that year.®* In October, Saudi Arabia announced the new world record low price:
1.7¢/kWh.? When the Kentucky Coal Museum puts solar on its roof rather than plug into the
coal fired electric grid at its doorstep,” you know that the fossil era is over.

Well, OK, we CAN run our society on solar energy, but what if the sun isn’t shining or the wind
blowing?

Storage technology to make renewable energy available 24/7 is only in its infancy as an
industry, but, as described above, it is coming on fast, and its prices are collapsing, too."
Combinations of renewable energy and storage are now cheaper than the fossil alternatives.

Then there are electric vehicles. Two days after Jerry Brown, Governor of California, announced
that he intended to follow China’s lead to ban internal combustion engines, General Motors,
which had reclaimed its coveted status of the world’s leading automobile manufacturer on the
strength of its Bolt electric car, announced that its future is electric. Meanwhile, Daimler,
Volkswagen and Volvo had already committed to electrifying their entire product portfolios.c"

Within a month, Elon released an all-electric long-haul truck and China announced the launch of
the world’s first all-electric cargo ship.

Hmmm, that looks like three for three. But in Seba’s scenario, it’s the driverless, autonomous
electric vehicle (AEV) that drives the real reduction in cost he claims will make the disruption
inevitable. Are AEVs more than just science fiction? Didn’t Tesla’s self-driving car kill a guy?

To get the straight story, let’s talk to Tom Chi,”" the brilliant head of Product Experience at
Google X and one of the designers of the self-driving Google car. Is what Tony’s saying possible?



“Within ten years?” asked Tom. “Easy.” Tesla, he said, released its driverless vehicle when it
was as safe as a human driven car. Remember, hundreds of thousands of people die every year
in car crashes. Teslas have driven more than 5 billion miles in autonomous mode,®¥ en route to
the company’s 10 billion mile safety proof point. In fact, all Teslas are now capable of full
autonomous mode. The Tesla Autopilot car fatal crash, one of several accidents now
accumulated was caused by a flaw in the detection system: the car failed to distinguish a white
tractor-trailer rig pulling out in front of it while driving into a brightly lit sky. Even so, the Tesla
car is far safer than human driving. This one fatality came after 130 million miles of testing.
Humans crash once every 60 million miles.®Vi The Google car has driven four million real miles,
and 2.5 billion simulated miles.®Viil Waymo, Google’s spinoff, threatens to have its service on the
road very soon.

It better. GM just announced that it is pivoting its business model to offer autonomous electric
vehicle Transit as a Service by 2019.¢/

Does that make it four for four? Is Tony right?
You decide.

But realize that if the evidence laid out here is true, it will mean the dissolution in value, likely
complete loss, of the oil, gas, coal, uranium, nuclear, utility, auto industries, the banks that hold
the loan paper for all of these companies, the pension funds and insurance companies that are
invested in them. Just the self-driving cars will drive significant changes. The war between taxi
and ride-sharing drivers will be over soon. Both will lose.”* That’s 4.1 million jobs.

Unless managed well, the changes that are already upon us will mean an economic collapse on
a scale you’ve never seen, coming at us within about 10-years.

So, let’s get serious about managing the transition well. Contrary to popular belief, switching to
the regenerative economy would create millions of jobs. It is obvious to anyone with empathy
that the shift needs to give people time to adapt. Millions of people working in 'dirty' sectors
will lose their jobs, especially those working in the fossil fuel business today. But those numbers
are not as big as many think. By early 2017 you were twice as likely to have a job in solar as in
coal.®™ That’s right solar employs twice the number of people as the coal industry.?* These are
good paying jobs that cannot be outsourced to machines or offshoring. The workforce is
diverse, featuring women and minorities, and spread across the country. Massachusetts has
more solar installers than Texas despite being a lot less sunny.

In 2015, only 184,500 Americans worked in oil and gas extraction, a number 17,000 fewer than
it was a year before. The number of U.S. mining jobs had decreased to 191,000 from the
203,700 it had been a year prior. Coal extraction actually increased between 1980 and 2015 but
coal jobs fell 60 percent because of automation. X

The International Renewable Energy Agency (IRENA) stated that in the U.S:

Solar employment continued its rapid expansion—growing by almost 22 percent to
reach 209,000 in 2015. Jobs in the solar industry grew 12 times as fast as overall job



creation in the U.S. economy, and surpassed those in oil and gas extraction (187,200) or
coal mining (67,929). Most solar jobs (194,200) are in solar PV.

IRENA, noted in mid-2016 that renewable jobs were growing at five percent a year globally,
then exceeding 8 million.® By 2015, China, alone, had created 3.5 million renewable jobs. By
2017, there were more than two and a half times more clean energy jobs than fossil
employment,”™ and almost 10 million people employed in renewable energy industries
globally, with the number expected to grow to 24 million by 2030.¢

Bob Keefe, Executive Director of Environmental Entrepreneurs cited the obvious:

In a short amount of time, clean energy has become a huge part of our workforce and
our economy. Smart policies helped jump-start this industry, and smart policies will
keep these made-in-America jobs growing—and help our environment along the way.

Dan Smolen, managing director of The Green Suits echoed:

“Clean energy is no longer a niche business—it’s a big-time job creator. Our lawmakers
need to realize that—and put policies in place, right now, to help the sector grow even
more.”

The jobs are also more satisfying than many today. This fact is not lost on young people, who
want a greener and more responsible world. Johnson Controls found that 96 percent of workers
aged 18-35 want to work for a responsible and green-minded company. i

Interestingly, it appears that if the renewable energy projects are locally owned they create
twice the number of jobs, and deliver up to three times the economic value to the
community, i

These figures focus on jobs in renewable energy, but the principles applies even more to the
transition to a regenerative economy. More sustainable approaches create more not fewer
jobs.™x A greener economy could create between 15 to 60 million jobs worldwide over the
next two decades. Achim Steiner, Director of the UN Development Programme estimates that
by 2030 at least half of the global workforce will be in the green economy.®** The discussion
earlier in the section on the speed with which the transformation in energy is coming suggests
that the UN’s numbers are conservative.

Stranded assets
Carbon Tracker neatly summed up the situation facing the fossil companies:**i

A trend in US coal risk disclosures:

1. Assume no new technology & policy
2. Go bankrupt

In 2011, Mark Campanale and his colleagues at Carbon Tracker published the first of its series
of reports, “Unburnable Carbon—Are the world’s Financial Markets Carrying a Carbon
bubble.”®i Carbon Tracker calculated that at least 80 percent of the fossil deposits still in the



ground would have to stay there, if the world is to avoid warming beyond 2 degrees C more
that pre-industrial levels.

On the basis of that, John Fullerton published an article titled “Big Choice,” describing the
financial implication of Carbon Tracker’s numbers.®™ii Given that those fossil assets are on the
balance sheets of some of the world’s wealthiest companies and sovereign wealth funds of the
nations of the world, Fullerton estimated, this implied a write-off of at least $20 trillion dollars.
In contrast, he warned, the 2008 financial collapse was triggered by the stranding of only $2.7
trillion in mortgage assets. We’re looking at an order of magnitude more dislocation.

A year later Bill McKibben, founder of the climate activist group 350.0rg, popularized the math
in a Rolling Stone article titled, “Global Warming’s Terrifying New Math.”<™V Bill was less
concerned about the financial health of the fossil companies, but alarmed that to keep that
much carbon in the ground would require instant and massive mobilization. By bill’s numbers,
we can burn 565 gigatons more carbon. Period. Ever. That’s our carbon budget.

But the companies have five times that: 2,795 gigatons of fossil assets in reserve, and it is their
business model to dig them up and burn them. If they do, the scientists warn, we roast.
Between 60 to 80 percent of all coal, oil and gas reserves of publicly listed fossil companies are
unburnable if we are to keep within the 2° C limit. And yet the companies spend enormous
amounts of money continuing to search for more. This is a somewhat puzzling, as the rising
threat of climate change means that they will not be able to burn what they already have on
hand, let alone more of it—Carbon Tracker estimates that such companies as Royal Dutch
Shell, Pemex, Exxon Mobil, Peabody Energy, Coal India and Glencore are wasting $2.2
trillion of investment—old habits obviously die hard.

"THE $22 TRILLION CARBON BUBBLE
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On our present pathway, humanity is expected to burn
through proven fossil fuel reserves by 2050, with global PUBLIC COMPANIES [| NATIONAL & PRIVATE
warming greater than 5°C (9°F) likely. To have an 80 percent (47 TRILLICRIR RRCEZENRELION)

chance of keeping warming below 2°C, 80 percent of proven
reserves need to stay unburned. The present estimated value of
these civilization-threatening reserves is approximately $22 trillion.
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Sources: Meinshausen et al. 2009; Allen et al. 2009; Sokolov et al. 2009; Carbon Tracker Initiative 2011. Carbon reserves as of the start of 2011; since then approximately 50
gigatons of carbon dioxide have been burned. Total fossil reserves are projected to be four times larger than proven reserves, and exploration for new reserves continues.

John Fullerton described the risk of carbon bubbles and stranded assets and set forth
fundamentals that should guide investors in the age of climate crisis.“™ Short answer: fossil
energy is no longer a safe place to put your money.



In 2014 Bloomberg New Energy Finance estimated coal stocks had lost 50 to 90 percent of their
value since 2005.<vi

This sobering conclusion was joined by the 2015 report by Mercer analyzing the portfolio risk to
investors who hold stocks of fossil companies.®i |t found:

Average annual returns from the coal sub-sector could fall by anywhere between 18
percent and 74 percent over the next 35 years, with effects more pronounced over the
coming decade (eroding between 26 percent and 138 percent of average annual
returns). Conversely, the renewables sub-sector could see average annual returns
increase by between 6 percent and 54 percent over a 35-year time horizon (or between
4 percent and 97 percent over a 10-year period).

Bank of America stated in May 2015: Coal mining companies pose an increasingly risky
investment.

“Going forward, Bank of America will continue to reduce our credit exposure to coal
extraction companies.” It also committed to increasing lending to renewable energy,
energy efficiency and carbon capture and storage. The spokeswoman said the bank’s
renewable energy portfolio was currently more than three times as large as its coal
extraction portfolio.cvi

“Coal companies’ underperformance against the global equity market is unprecedented,” said
IEEFA’s Tim Buckley. “A more than 50 percent decline in coal prices has seen most listed coal
companies globally lose 80-90 percent of their equity market value in the last four years. While
the sun will undoubtedly rise for renewable energy in 2015, for coal, there remains a lot further
to fall.”choix

Change came fast. By Feb 2015 an analyst observed, “Shares in Peabody, the world’s biggest
private-sector coal company, have sunk 84 percent since 2010. Its debt has slipped to three
rungs below investment grade. The company lost $525 million in 2013 and hemorrhaged $787
million in 2014.”¢<xx

Peabody Coal’s 2015 filing with the SEC signaled this, warning that, “Divestment could
significantly affect demand for our product.”

This turned out to be a bit of an understatement.
By 1 July 2015, Peabody Coal, which had traded at $S60 a share in 2011, fell to $1.68.

In August 2015 Hunter Lovins called out the behavior of Peabody Coal, and its marketing
muscle, Berson Marsteller,®™ for mounting a campaign to get Bill Gates and Bjorn Lomborg to
trumpet that coal was the answer to energy poverty.“™i |t was thus gratifying to watch on 13
April 2016 as Peabody Coal, once the world’s largest private sector coal company, filed for
bankruptcy. i



In covering Peabody’s demise, Bloomberg noted “Recovery prospects for unsecured notes are
poor.”?™ This turned out to be true when the judge approving Peabody’s exit from
bankruptcy rewrote many longstanding legal provisions, including requirements that all classes
of creditors be treated alike.® The deal, being challenged by investors left holding the sack,
means that the CEO will net an estimated S15 million in stock bonuses, with $3 - $5 million each
going to five other executives.Si

As stated above, oil is not much safer. A Financial Times article from 2013 described the
performance of international oil and gas companies as “lamentable from a shareholder
perspective” over the last decade. Since June 2014, big oil has lost $200bn.c*Vil According to
Tom Sanzillo, who served as Deputy Comptroller of New York State, Exxon was, until the fall
2017 run-up in oil prices, borrowing to pay dividends.<ii

Goldman Sachs warned that nearly $1 trillion worth of oil projects in the U.S. were effectively
stranded, costing more to continue operation than any oil that might be recovered would be
worth.®* The study, which found that $930 billion worth of projects (more than two-thirds)
would be unprofitable at Brent crude prices below $70, was conducted when oil prices were at
$70 a barrel. Through much of 2017 they hung around $50. They will go up. It would surprise no
one to see an attack on oil facilities that drive prices over $200 a barrel. Or sudden claims of oil
curtailment. Day traders now make the same arguments that they did about coal, before that
crashed. But if the dynamics laid out above are at all right, it’s not a market for amateur
investors—like most of the people now owning oil stocks.

Early in 2016, the consulting company Deloitte predicted that more than 35 percent of
independent oil companies would go bankrupt, with another 30 percent to follow in 2017. This
came on the heels of 50 North American extractors bankrupted in late 2015.%¢ Ernst and Young
warned that 64 percent of the 365 oil and gas megaprojects they surveyed were over budget,
with 74 percent behind schedule.*“

The International Energy Agency, generally very conservative in such matters, warned the oil
industry that more than $1.3 trillion in oil assets and another $300 billion in natural gas were at
risk of being stranded as companies and countries move to clean energy.>

Mark Campanale recently warned that it’s even worse: an October 2017 CitiGroup report
calculated that if you count the foregone revenues from not digging up, selling and burning all
that fossil fuel, the looming loss is $100 trillion, or more than global GDP .ol

It is essential that a just transition be found for the mining communities and all of the working
people abandoned by fossil energy companies. In addition, resource extraction has massive
impacts on the environment, but because of the complicity of regulators for decades, the
companies have typically been allowed to self-bond for clean-up costs. Who will pay those, if
the companies are gone? Peabody Coal, previously the world’s biggest coal miner, is expected
to default on its environmental obligations and on lease payments to various governments.
Peabody was the fourth such company to crash, but it will not be the last.



Fossil companies are highly leveraged (which means that they owe a lot of debt). The high and
rising costs of extraction mean that they borrow to punch new holes in the ground to find ever
more oil, gas and coal. If oil prices rise, it all works out, But if they don't...?

Nafeez Ahmed, in an article titles “This Could Be the Death of the Fossil Fuel Industry—Will the
Rest of the Economy Go With 1t?”<V wrote:

Oil and gas companies most at risk are those with the largest debt burden. And that burden
is huge -- as much as $2.5 trillion, according to The Economist. The real figure is probably
higher.

At a speech at the London School of Economics in February, Jaime Caruana of the Bank for
International Settlements said that outstanding loans and bonds for the oil and gas industry
had almost tripled between 2006 and 2014 to a total of $3 trillion.

This massive debt burden, he explained, has put the industry in a double-bind: In order to
service the debt, they are continuing to produce more oil for sale, but that only contributes
to lower market prices. Decreased oil revenues means less capacity to repay the debt, thus
increasing the likelihood of default.

This S3 trillion of debt is at risk because it was supposed to generate a 3-to-1 increase in
value, but instead —thanks to the oil price decline—represents a value of less than half of
this.

Ahmed concludes that if oil company projects are rendered unprofitable, it would cut oil and gas
extraction by eight percent of current world demand, posing the risk of crashing the global
economy. He also shares the belief supported by a paper in the journal Applied Energy from a team
at Oxford University's Institute for New Economic Thinking, “that the ‘stranded assets’ concept
applies not just to unburnable fossil fuel reserves, but also to a vast global carbon-intensive
electricity infrastructure, which could be rendered as defunct as the fossil fuels it burns and supplies
to market.”™< This is precisely the fate that befell the two big European utilities RWE and Eon,
above.

Of course, the costs of continued fossil use are even higher. A variety of studies going back to
the Stern Review in 2006 found that unmitigated climate change poses financial risks. Lord
Nicolas Stern, previously the Chief Economist of the World Bank, was commissioned by the
government of the UK to consider the economic impact of global warming on the global
economy. In a massive, data rich tome of 700 pages, Stern showed that approximately one
percent of global GDP will need to be invested to hold warming to below 4° C, but that costs of
failing to limit climate change would rise to between five and 10 percent of world GDP. Clearly,
he argued, there’s a business case to act.

Deutsche Bank’s 2013 study supported Stern.““i Following the release of the
Intergovernmental Panel on Climate Change’s 5 Scientific Assessment, it observed:

If governments do not implement policies that sufficiently reduce GHG emissions, this
could reduce economic growth and increase volatility.... More and more potential



investors now consider companies’ sustainability risk management as part of their
investment decisions. Sustainability rating used by investors are starting to ask
questions about whether banks’ own lending and financing leads to higher greenhouse
gas emissions. Over the next two years, the financial sector will develop new tools to
measure the emissions that arise from bank business activities.

This is of particular concern to insurance companies, for several reasons. One, they are, at root,
investment companies, seeking sufficient returns to pay claims from their policy-holders over
time. insurance companies own large fossil holdings. With the risk to the solvency of these
companies, this is uncertain.

Second, climate change worsens the risk of fire, floods, extreme weather, crop failure, and
many other risks against which these companies insure. Bloomberg Briefs reported that
insurance companies’ refusal to consider these risks threatened the financial system.®iit A
report from the Asset Owners Disclosure Project (AODP)*“* showed that only 14 of the 116
insurance companies surveyed are taking action to screen climate risk from their portfolios.
Quoting the AODP Chief Executive, Julien Poulter, Bloomberg reported,

“Investors in insurance companies must start to care" about climate risk in insurers'
investment portfolios, Poulter said. "l don’t think it's any accident that [Bank of England
Governor] Mark Carney gave his speech last year on climate risk to the insurance sector
at the Lloyds of London event. If the insurance sector gets climate risk wrong, there is a
financial stability problem for everybody."<

The Global Risk Institute agrees. Their 2016 report, “Climate Change: Why Financial Institutions
should take note,” warns that insurers now face annual losses of $50 billion from climate
change driven weather events (increased from $10 billion a year over the past decade); as well
as “transition risk” from a lower-carbon economy. It also urged banks to cut exposure from
“High carbon industries” and other assets that may suffer from efforts to curb climate change,
and “pursue new green opportunities in commercial and investment banking.”<

A case in point is the recent fires in California. Severe drought, record winds and high
temperatures fanned the biggest wildfires ever in state history. Several appear to have been
caused by failing utility company infrastructure. The California Public Utility Commission ruled
that the utility at fault could not recover its costs, and liability for the fire, from its ratepayers.
The CEO of San Diego Gas and Electric stated, "
if these wildfires become the new normal, if these wildfires become endemic and part
of the effects of climate change day in and day out, | don’t think it’s sustainable for
utilities to afford that on a long-term basis.

A month prior, that is precisely what Governor Jerry Brown said, calling California’s fire
situation, “the new normal. California is burning up.” He said, “The fire season is not a couple of
months in the summer; it’s virtually year-round.”



2017 was only the third hottest year on record, but climate change driven impacts set a new
record for devastating, and expensive “natural” disasters, with almost a third of a trillion dollars
in damages. il

Investing in a Finer Future

Milton Friedman famously admonished, that the “social responsibility of business is to increase
its profits.”<~ Throughout history there have been corporate leaders who have rejected this
fixation on profit maximization, but they have been a minority. In the late days of the
Presidency of George Bush, the U.S Department of Labor issued a guidance to discourage
investors managing employee pension funds from considering environmental and social factors
in the companies and funds in which they invest.«V

Churches and other moral leaders ignored this. They had begun in the 1960s to, refuse to own
so-called “sin stocks:” weapons, tobacco, alcohol and what they saw as companies producing
degenerate products. Even they believed that such a philosophy, while noble, was going to
result in lower returns on investment. Professional investors just thought it was foolish. Why
mix the work of making money with Sunday School?

But a funny thing happened on the way to the counting house: investors who blended money
and morality out-performed the market. It turns out that companies that fail to respect people
and the planet are a risky business.

Early in the 21st Century, a group of investors and sustainability experts convened Bottomline
2001 in San Francisco. They invited several of the largest institutional investors to consider
whether there might be a business case for shifting their investments to more sustainable
options.cvi

Pension funds have substantial resources. OECD estimates that in 2013 institutional investors
held $92.6 trillion in assets. In contrast, the 34 countries that comprise OECD have $47.3 trillion
in GDP. Exxon-Mobil’s capitalization was only $334 billion.*V Traditionally, pension funds
invested their money without any particular concern for social and environmental criteria,
despite the fact that the invested money came from constituencies such as workers, teachers,
churches, charitable organizations, and educational institutions who often are value-driven.

The neoliberal belief held that portfolios screened to exclude any class of investments must
under-perform financially, because they, by definition, are not playing with a full deck.
Adherents say that trustees have a fiduciary duty to earn the highest possible return over the
short term, therefore it would be irresponsible to limit their investment options.

But what if it’s not true that screened investments always underperform? What if they often
outperform less socially conscious companies? When presented with the business case for
behaving more sustainably, the pension fund managers and state and municipal treasurers who
attended Bottomline 2001 began to redefine their fiduciary responsibility and as a result,
reorient their portfolios.



Such speakers as the Treasurer of California, the Chair of California Public Employees
Retirement System, one of the world’s largest pension funds, and many other representatives
from institutional investors generally agreed that their funds must, by definition, be interested
for the long-term success, and overall sustained upturn of the entire economy. They agreed
that it matters little to a pension fund if one company does well in the short term, especially if it
does so at the expense of natural and human capital, the health of which underlies the health
of the economy. Pension funds are so large that they are invested in essentially every large
company in the economy. Further, unlike day traders, next quarter’s profits do them little good.
What matters to them is ensuring that the whole of the economy is healthy in 20 years when
they will be paying out the pensions for which they are investing the money today. These
investors realized that they may turn out to be the institutions with the greatest vested interest
in sustainability.cVii

They were right. US Forum for Sustainable and Responsible Investment (US SIF) now states,

The past 25 years have shown that environmental, social and governance (ESG) factors
can affect shareholder value and corporate and investment portfolio risk and return,
discrediting the longstanding perception that fiduciary duty precludes consideration of
ESG criteria in institutional investment decisions. In 2005, international law firm
Freshfields, Bruckhaus, Deringer found, after examining fiduciary law in nine developed
markets, including the United States, that, “...the links between ESG factors and financial
performance are increasingly being recognized. On that basis, integrating ESG
considerations into an investment analysis so as to more reliably predict financial
performance is clearly permissible and is arguably required in all jurisdictions.”

Two years later, Bob Massie, founder of CERES, one of the most effective group working to get
institutional investors to become active in countering climate change, created the Investor
Network on Climate Risk.c* Mindy Lubber, his successor at CERES, has worked tirelessly to
engage 120 institutional investors (with assets of more than $14 trillion) in countering climate
change and all other forms of unsustainability. Her Clean Trillion initiative seeks to close the
investment gap between what is spent on clean energy and what is needed to protect the
climate.

In 2007 Mindy and former CalPERS Chief Investment Officer Russell Read organized investors
with $1.2 trillion in assets to petition the Securities and Exchange Commission to issue guidance
on how companies should report their risks from climate change.“* More than 100 investors
with $7.6 trillion supported the effort. In 2010 the SEC issued such a guidance, and climate
reporting became mainstream.

In 2016 the Department of Labor repealed its anti-responsibility bulletin, stating,

Environmental, social, and governance issues may have a direct relationship to the
economic value of the plan’s investment. In these instances, such issues are not merely
collateral considerations or tie-breakers, but rather are proper components of the
fiduciary’s primary analysis of the economic merits of competing investment choices.®



This happened in part because Socially Responsible Impact Investing (SRI) is the fastest growing
investment field. The US SIF reported that:c*

assets managed using strategies that consider environmental, social and governance
(ESG) issues in investment analysis, portfolio selection or shareholder engagement
totaled $6.57 trillion at the start of 2014. This represented one out of every six dollars
under professional management in the United States and growth of 76 percent over
2012.

By early 2016, global sustainable investment assets reached $22.89 trillion, a 25 percent
increase from 2014.c This shift is itself changing how business is done. The US SIF<" found
that: SRl investors have created four key impacts:

Changed the investment industry and investors

Influenced companies through active ownership and engagement strategies
Assisted communities, and

Achieved progress on various environmental, social and governance issues by
influencing public policy and by supporting the development of US and global
organizations to promote sustainable investment.
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The importance of SRl is reflected in the statistic that 73 percent of all investment managers
globally use ESG criteria for making investment decisions.c*"

The Stranded Assets discussion above brings even greater urgency for investors to ensure that
the companies in which they are placing their faith and their money are taking sustainability
seriously.

As Chris Davis, the senior program director at the sustainability consultancy Ceres, puts it, “If
climate trashes the economy, they’re not going to be able to meet their pension-fund
obligations.”cVi

Ellen Dorsey, the Executive Director of the Wallace Global Foundation created the “Divest -
Invest movement to enable investors to begin voting with their dollars.©i' Asking what she
could do after the 2009 failure of the UNFCCC Climate Summit in Copenhagen, Ellen shifted her
foundation’s endowment away from fossil fuels and into clean investments, pointing out, “if
you own fossil, you own climate change.”

In the cold and rain in November 2012, Bill McKibben, who had helped call global attention to
the issue of stranded assets, boarded a bus to tour the U.S. on what he called the “Do the Math
Tour.”*®Viil Using his Rolling Stone article, he toured almost every corner of the United States,
speaking at sold-out shows on college campuses, calling on students to protect their future by
demanding that their college endowments divest of ownership of fossil companies.

No one gave him a prayer of success.“**

But a funny thing happened on the way to the bank. Thousands of people started calling for a
fossil free future. Divestment started to catch on. The Oxford’s Stranded Assets Programme’s



report concluded, “Divestment outflows, even when relatively meagre in the first wave of
divestment, can significantly and permanently depress stock price of a target firm if they trigger
a change in market norms.” ¢

In early 2015, the movement got international support from Alan Rusbridger, the courageous
and visionary Chief Editor of the Guardian. Alan called an array of advisors to his office
overlooking the Regent’s Canal and asked how the newspaper might be most effective in the
fight against climate catastrophe in the run-up to the Paris Summit. After extensive
consultations, he launched a Guardian campaign to Keep It In the Ground, calling for
divestment by such entities as the Gates Foundation and the Welcome Trust.co

Values-oriented investors heard the call and began pulling their money out of the fossil
industry. Ordinary investors began to realize that the economic fundamentals of the fossil
industry had turned against them.

Fossil fuel divestment scaled rapidly. In September, organizations with $2.6 trillion in assets
under management had joined the divestment movement.

Prior to the 2016 Paris Summit activists announced that holders of $3.4 trillion in assets had
pledged to divest from coal or other fossil fuels. Shortly after, 70 new institutions joined.* By
the end of 2016 Arabella Advisors reported: i

To date, 688 institutions and 58,399 individuals across 76 countries have committed to
divest from fossil fuel companies, doubling the value of assets represented in the last 15
months. Pension funds and insurance companies now represent the largest sectors
committing to divestment, reflecting increased financial and fiduciary risks of holding
fossil fuels in a world committed to stay below 2° Celsius warming.

The increase comes, in part from evidence that fossil-free portfolios have outperformed fossil

heavy ones.“" FTSE’s North American fossil fuel-free index has consistently outperformed the
conventional benchmark index.¥ MSCI, a stock market index company, found that fossil-free
funds have earned a higher return than conventional ones over five years.<i

Norway recently announced that it is considering divesting of ownership in fossil industries.cVi
BNP Paribas, the large French bank sold its holdings in a tar sands pipeline.coVili

On 7 November 2017, the little company Change Finance,*™ rang the opening bell in the New
York Stock Exchange on Wall Street as 3.5 million eyeballs watched the launch of the first truly
fossil free exchange traded fund.“** For the price of a pizza, ordinary individuals can now invest
in companies that are not subject to the looming fossil risk.

The death knell of fossil investing came a bit more than a month later when the Governor of
New York and the City Comptroller of New York City both announced a freeze on fossil
investments and proposals to divest their collective $390 billion from fossil fuel companies and
reinvest in renewable energy. Bill McKibben wrote,®



The dam has broken: after years of great activism, New York has taken a massive step
towards divesting from fossil fuels. Coming from the capital of world finance, this will
resonate loud and clear all over the planet. It’s a crucial sign of how fast the financial

pendulum is swinging away from fossil fuels.

Funding the New Energy Economy

Christiana Figueres is the wickedly bright, inspirational leader of the UN’s Framework
Convention on Climate Change, who masterminded the success in delivering an internationally
binding accord to limit global warming in Paris in 2015. Now head of Mission 2020, she has
stated, "Where capital goes over the next 15 years is going to decide whether we’re actually
able to address climate change and what kind of a century we are going to have.”coi

How money is invested—whether by companies, by colleges or by you—determines whether
we trash the planet or save it. What you do with your money does make a difference.

In 2015 investors from around the world poured $348 billion into clean energy, a new
record,“ " and up from $60 billion a year in 2004.<* The amount invested fell 18 percent in
2016, in part because falling costs of renewables meant that more could be built for less
money. Acquisition of clean energy companies rose, however, to 117 billion, up from $97 billion
in 2015.ccxxxvi

The report, “Carbon Clean 200: Investing in a Clean Energy Future”<i reported that the 200
leading clean energy companies returned triple the profits of fossil fuel companies in the last 10
yea r.s.ccxxxviii

Again, new business models are being created. Green bonds (debt instruments offered to raise
money to finance clean energy and other green initiatives) more than doubled from $93.4
billion in 2016 to an expected $208 billion in 2017, according to the rating firm, Moody’s,
doubling the record set in 2016.°* China was responsible for a third of this, a number that is
expected to rise, as the country seeks to fund a projected $308 billion in projects to cut air
pollution, meet its climate targets and ensure abundant energy for prosperity.

The market has grown by 163 percent a year since 2011, with consecutive issuance records
every year from 2013 to 2017. Created initially by the European Investment Bank in 2007, they
are now being used by a variety of nations, “* and such states as Connecticut and New York
who have created Green Banks. Apple issued a billion dollar green bond to finance its efficiency
and renewable projects after the U.S. announced its withdrawal from the Paris Accord.© The
bonds are being joined by such green money-market securities as short-term commercial
paper, and preferred stock, structured as securitized transactions.

As impressive as this is, it represents a small part of the $6.7 trillion a year global debt market.
And it is miniscule compared to $44 trillion that the International Energy Agency projects needs
to be spent on energy deployment by 2040,



Still, remember the logic of exponential growth that Kurzweil described above. The green bonds
market grew by 42 percent in the first quarter of 2017, with more than $20 billion offered in
the first three months. This is almost 7 times the amount offered in the entire year in 2012, i

What can you do?

For starts, figure out where YOUR money is. It appears unwise to have any of your assets in the
industries that will be disrupted. Bevis Longstreth, former Securities and Exchange
Commissioner, observed, v

“It is entirely plausible, even predictable, that continuing to hold equities in fossil fuel
companies will be ruled negligence.”

Think about where your energy comes from. Are you dependent on an industry that is at risk?
Are you part of the millions of people, communities and cities that are implementing
renewables?

Is your job at risk? Companies will either become part of the solution or they will face stiff
headwinds. The emerging industries are creating millions of jobs, but millions are at risk.
Figuring out how to deal with this is discussed more in the Fourth Section, but it’s time to begin
discussing it in your community. Will we entrepreneur our way to a Well-being Economy? Will
we substitute a Universal Basic Income? Will we descend into unimaginable darkness? Or will
we create a Finer Future?<>V

What is increasingly clear is that we will totally transform the global economy. The crises we
face, and the inevitabilities of change described here WILL drive change.

The change is here. How will you change to deal with it?

Conclusion
Standing at the bottom of any S curve of adoption of a new technology, it may seem impossible
to get there from here.

When change comes, however, looking back, it will seem inevitable and incredibly rapid.

The speed with which renewable energy, especially solar, is growing means we have a shot at
solving the climate crisis, creating jobs, reinvigorating manufacturing and buying the time
needed to do the more fundamental work of implementing a Regenerative Economy. Let’s
return the energy sector to Nature’s principles. Nature runs on sunlight, not huge flows of fossil
energy. We can too.



" Leggett, Jeremy, http://www.jeremyleggett.net/; see also
http://blueandgreentomorrow.com/features/jeremy-leggett-high-chance-of-a-tipping-point-in-
retreat-from-fossil-fuels-soon/

i Randall, Tom, Wind and Solar are Crushing Fossil Fuels, Bloomberg new Energy Finance, 6 April
2016, http://www.bloomberg.com/news/articles/2016-04-06/wind-and-solar-are-crushing-
fossil-fuels

il Gilding, Paul, , “Fossil Fuels Are Finished — The Rest Is Just Detail,” REneweconomy, 23 July
2015, http://reneweconomy.com.au/2015/fossil-fuels-are-finished-the-rest-is-just-detail-71574

v Leggett, Jeremy, “State of The Transition: Might the fossil fuel industries implode faster than
the clean energy industries can grow to replace them? Jeremy Leggett, 3 August 2016,
http://www.jeremyleggett.net/2016/08/state-of-the-transition-july-2016-might-the-fossil-fuel-
industries-implode-faster-than-the-clean-energy-industries-can-grow-to-replace-them/

v Campanale, Mark, “Is carbon risk fueling the next big financial bubble?”” Carbon Tracker, 10
November 2015,
http://www.cepsech.eu/sites/default/files/Mark%20Campanale%20Presentation.pdf

Vi Lenzner, Robert, “The Recessions of 1973,1980,1991,2001,2008 Were Caused By High Oil
Prices,” Forbes, 1 September 2013,
http://www.forbes.com/sites/robertlenzner/2013/09/01/higher-oil-prices-are-being-caused-
by-events-in-libya-irag-nigeria-and-egypt-as-well-as-syria/#56249e8b1431

Vil Rich, Bryan, “Cheap Oil Edging Us Toward Global economic Collapse,” Forbes, 6 February
2016, http://www.forbes.com/sites/bryanrich/2016/02/08/cheap-oil-edging-us-toward-global-
economic-collapse/#3640806a6f5c

Vil paley Commission, The President’s Materials Policy Commission (Paley Commission),
Resources for Freedom 5 Vol, Washington DC Gov’t Printing Office, 1952

* Richard Heinberg of the Post Carbon Institute is one prominent advocate of this position,
http://www.postcarbon.org/

*Bousso, Ron, “Global oil, gas discoveries drop to 70-year low: Rystad Energy,” Reuters, 18
January 2017 http://www.reuters.com/article/us-oil-exploration-idUSKBN1521TA

X' Yergin, Daniel, https://danielyergin.com/




X Hunt, Tam, “What happened to Peak Qil?” Green Tech Media,
https://www.greentechmedia.com/articles/read/what-happened-to-peak-oil

Xit Sjoshansi, Fereidoon, “Peak oil? Sooner than you think,” REneweconomy, 20 March 2017,
http://reneweconomy.com.au/peak-oil-sooner-than-you-think-

59142/?utm source=RE+Daily+Newsletter&utm campaign=874a673a78-

EMAIL CAMPAIGN 2017 03 20&utm_ medium=email&utm term=0 46a1943223-
874a673a78-40283033

XV Jeremy Grantham, on Charlie Rose Show, 11 May 2013, http://www.hulu.com/watch/466390

¥ Grantham, Jeremy, “Jeremy Grantham: In the Face of Finite Resources, It's Time to Think
About ‘Peak Everything’,” Money Morning, 19 May 2011,
http://moneymorning.com/2011/05/19/in-the-face-of-finite-resources-its-time-to-think-about-
peak-everything/

“i Naim, Moises and Toro, Francisco, “Venezuela is Falling Apart,” The Atlantic, 12 May 2015,
http://www.theatlantic.com/international/archive/2016/05/venezuela-is-falling-apart/481755/

xii Borgman, Moritz, “Potentially Game-Changing Saudi Arabian Government Restructuring
Bolsters 9.5 GW Renewable Energy Targets by 2023,” Apericum, 9 May 2016,
http://www.apricum-group.com/saudi-arabia-announces-9-5-gw-renewable-energy-target-
new-king-salman-renewable-energy-initiative/

Wil Egan, Matt, “Saudi Arabia to run out of cash in less than 5 years,” CNN Money, 26 October
2015, http://money.cnn.com/2015/10/25/investing/oil-prices-saudi-arabia-cash-opec-middle-
east/

Xix Cost of Oil Production by Country, http://knoema.com/vyronoe/cost-of-oil-production-by-
country

* Cahill, Petra, Saravia, Laura, “Venezuela Protests and Economic Crisis: What Is Going On?”
NBC News, 6 May 2017, http://www.nbcnews.com/storyline/venezuela-crisis/venezuela-
protests-economic-crisis-what-going-n755306

i World Energy Outlook 2015, International Energy Agency, 10 November 2015,
http://www.worldenergyoutlook.org/weo02015/#d.en.148701

Xii Energy Technology Perspectives 2015,
http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives2
015ExecutiveSummaryEnglishversion.pdf

i “Tyrn Down the Heat,” World Bank, Nov 2012,
http://documents.worldbank.org/curated/en/865571468149107611/pdf/NonAsciiFileName0.p
df




XV Jamail, Dahr, “The Coming ‘Instant Planetary Emergency,” The Nation, 17 December 2013,
http://www.thenation.com/article/coming-instant-planetary-emergency/

* Rockstrom, Johan, Meinshausen, Malte, Schellnhuber, John, “A roadmap for rapid
decarbonization,” Science Magazine, Policy Forum, Climate Policy, March 2017,
http://science.sciencemag.org/content/355/6331/1269

”nm

i Rockstrédm, Johan, “Curbing emissions with a new ‘carbon law,”” Stockholm Resilience
Centre, March 2017, http://www.stockholmresilience.org/research/research-news/2017-03-23-
curbing-emissions-with-a-new-carbon-law.html

xvii Ranjan, Manyan, et al, “Project: The Feasibility of Air Capture,” MIT, 2010,
https://sequestration.mit.edu/research/aircapture.html

xviit hitps://www.citivelocity.com/citigps/ReportSeries.action?recordld=21

xix Randall, Tom, Wind and Solar are Crushing Fossil Fuels, Bloomberg new Energy Finance, 6
April 2016, http://www.bloomberg.com/news/articles/2016-04-06/wind-and-solar-are-
crushing-fossil-fuels

xx Sophie Vorrath, “Fossil Fuels Subsidies Cost World $5.3 Trillion A Year - $10 Million A Minute,
Clean Technica, 22 May 2015, http://cleantechnica.com/2015/05/22/fossil-fuels-subsidies-cost-
world-5-3-trillion-a-year-10-million-a-minute/

i plumer, Brad, “One upside of cheap oil—countries are ditching their fossil-fuel subsidies,”
Vox, https://www.vox.com/2015/1/29/7945525/fossil-fuel-subsidies

i So what is a Kilowatt-hour?” Duke Energy, https://www.duke-
energy.com/pdfs/MyHER%20What%20is%20a%20Killowatt-Hour%20Energy%20Chart.pdf

xxii“\What’s in @ Megawatt, Solar Energy Industries Association,
http://www.seia.org/policy/solar-technology/photovoltaic-solar-electric/whats-megawatt

XXV Severance, Craig, Business Risks and Costs of New Nuclear Power, 2 January 2009,
http://energyeconomyonline.com/uploads/Business Risks and Costs of New Nuclear Power
Reprint - Jan 2 2009 Craig A. Severance.pdf

¥V parkinson, Giles, “Deutsche Bank Predicts Solar Grid Parity In 80% Of Global Market By
2017,” Clean Technica, 17 April 2015,
http://cleantechnica.com/2015/01/14/deutsche-bank-predicts-solar-grid-parity-80-global-

market-2017/




i The Conversation, “When Will Rooftop Solar Be Cheaper Than the Grid?” US News and
World Report, 31 March 2016, http://www.usnews.com/news/articles/2016-03-31/when-will-
rooftop-solar-be-cheaper-than-the-grid

Xl §olar Energy emerging as cheapest power source in many parts of the world
Feb 2015, http://www.agora-energiewende.org/topics/optimisation-of-the-overall-
system/detail-view/article/solar-energy-emerging-as-cheapest-power-source-in-many-parts-of-

the-world/

xiit Borgmann, Moritz, “Dubai Shatters all Records for Cost of Solar with Earth’s Largest Solar
Power Plant,” Apricum, 2 May 2016, http://www.apricum-group.com/dubai-shatters-records-
cost-solar-earths-largest-solar-power-plant/; Anna Hirtenstein, “New Record Set for World’s
Cheapest Solar Now Undercutting Coal,” Bloomberg, 3 May 2016,
http://www.bloomberg.com/news/articles/2016-05-03/solar-developers-undercut-coal-with-
another-record-set-in-dubai

xxix £yl Report, National Bank of Abu Dhabi, 2015,
https://www.nbad.com/content/dam/NBAD/documents/Business/FOE Full Report.pdf

X'DONG Energy awarded three German offshore wind projects, 13 April 2017, Dong Energy,
http://www.dongenergy.com/en/media/newsroom/news/articles/dong-energy-awarded-
three-german-offshore-wind-projects

X acey, Stephen, “Cheapest Solar Ever: Austin Energy gets 1.2 Gigawatts of Solar Bids for Less
Than 4 Cents,” Greentech Media, http://www.greentechmedia.com/articles/read/cheapest-
solar-ever-austin-energy-gets-1.2-gigawatts-of-solar-bids-for-less

Xii Randall, Tom, “California Just Had a Stunning Increase in Solar,” Bloomberg Business, 26
March 2015, http://www.bloomberg.com/news/articles/2015-03-26/california-just-had-a-
stunning-increase-in-solar

Xiil paulos, Bentham, “California Has More Solar Power than You Think — A Lot More,” Green
Tech Media, 11 August 2016, http://www.greentechmedia.com/articles/read/california-has-
more-solar-than-you-think

Xiv Tom, Randall, “Fossil Fuels Just Lost the Race Against Renewables,” Bloomberg Business, 14
April, 2015, http://www.bloomberg.com/news/articles/2015-04-14/fossil-fuels-just-lost-the-
race-against-renewables

XV Randall, Tom, “World Energy Hits a Turning Point: Solar That's Cheaper Than Wind,”
Bloomberg Technology, 14 December 2016, https://www.bloomberg.com/news/articles/2016-
12-15/world-energy-hits-a-turning-point-solar-that-s-cheaper-than-wind




Vi Katakey, Rakteem, “Energy Giant Shell Says Oil Demand Could Peak in Just Five Years,”
Bloomberg, 2 Nov 2016 http://www.bloomberg.com/news/articles/2016-11-02/europe-s-
biggest-oil-company-thinks-demand-may-peak-in-5-years

xNii Bjesecker, Michael, “Renewable Energy Surges Past Nuclear for 1st Time in Decades,” 6 July
2017, US News and World Report, https://www.usnews.com/news/business/articles/2017-07-
06/renewable-energy-surges-past-nuclear-for-1st-time-in-decades

xNiii “Global Energy Markets Transition Drives Thermal Coal Into Structural Decline,” IEEFA,
14 January 2015, http://ieefa.org/global-energy-markets/

Xix“South Africa doubles down on renewables with plans for 6.3GW auction,” REneweconomy
http://reneweconomy.com.au/2015/south-africa-doubles-down-on-renewables-with-plans-for-
6-3gw-auction-49192

' “South Africa Saved $69 Million From Solar, Wind Energy In 2014”, Clean Technica, 17
February 2015, http://cleantechnica.com/2015/02/17/south-africa-saved-69-million-solar-
wind-energy-2014/

i “Green jobs debate should look beyond short-term benefits, says UKERC report,”
5 November 2014, http://www.ukerc.ac.uk/news/green-jobs-debate-should-look-beyond-
short-term-benefits-says-ukerc-report.html

i Medupi Power Station, Source Watch,
http://www.sourcewatch.org/index.php/Medupi Power Station

li “Top Chinese Manufacturers Will Produce Solar Panels for 42 Cents per Watt in 2015,” Solar
Reviews,
http://www.solarreviews.com/news/top-chinese-manufacturers-will-produce-solar-panels-for-
42-cents-per-watt-in-2015/

'V 1bid

V “South Africa’s Push For Renewables,” Oxford Business Group, 26 May 2016,
http://www.oxfordbusinessgroup.com/news/south-africa%E2%80%99s-push-renewables

M “South Africa plans to procure 6.3GW more RE in future rounds,” RECHARGE, 16 April 2015,
http://www.rechargenews.com/wind/1397249/south-africa-plans-to-procure-63gw-more-re-
in-future-rounds

i Utility-scale renewable energy — 2017 Market Intelligence Report, Green Cape,
https://www.greencape.co.za/assets/Uploads/GreenCape-Renewable-Energy-MIR-2017-
electronic-FINAL-v1.pdf




Vi | atin lessons as the world marches towards Paris, RECHARGE, 2 April 20125
http://www.rechargenews.com/wind/1395357/latin-lessons-as-the-world-marches-towards-

paris

lix 2015 OUTLOOK: Brazil gets serious about solar, RECHARGE, 2 Jan 2015,
http://www.rechargenews.com/solar/1387554/2015-OUTLOOK-Brazil-gets-serious-about-solar

X |BM Research Launches Project “Green Horizon” to Help China Deliver on Ambitious Energy
and Environmental Goals, 7 January 2014, http://www-
03.ibm.com/press/us/en/pressrelease/44202.wss

M http://ieefa.org/global-energy-markets/

Mii “China To Approve Over 17.8GW Of PV In 2015, Bloomberg New Energy Finance,
http://about.bnef.com/landing-pages/china-approve-17-8gw-pv-2015/

il Henry Linden, “China Hit Record Wind & Solar Year In 2015, Sustainovate,
5 February 2016, http://sustainnovate.ae/en/industry-news/detail/china-wind-energy-
installations-climbed-to-record-highs-in-2015

v “China 2050 High Renewable Energy Penetration Scenario and Roadmap Study" China
National Renewable Energy Centre, http://www.rff.org/Documents/Events/150420-Zhongying-
ChinaEnergyRoadmap-Slides.pdf

v personal communication to author, Wang Yimin - State Grid Corp of China, 24 June 2014,
United Nations Global Compact Meeting, UNHQ, New York

Wi Anindya Uphadhyay, “Narendra Modi lures India’s top fossil fuel companies to back solar
boom,” Live Mint, 22 July 2016
http://www.livemint.com/Industry/n6JGIUiAK3dBZHvUxWprWO/Narendra-Modi-lures-Indias-
top-fossil-fuel-companies-to-bac.html

Wi parr, Ben, Henry, Don, “India is focused on energy and poverty, but it can still sign a global
climate deal,” The Conversation, 24 November 2015, http://theconversation.com/india-is-
focused-on-energy-and-poverty-but-it-can-still-sign-a-global-climate-deal-47868

Wil prasad, Gireesh Chandra, “Renewables to help meet 40% of India’s power needs by 2030:
power minister,” Live Mint, 12 October, 2017,
http://www.livemint.com/Politics/w4qlZS90KxaHQEVHqwJEHP/Renewables-to-help-meet-40-
of-Indias-power-needs-by-2030.html

hix Aggarwal, Mayank, “Modi and Hollande launch solar alliance,” Live Mint, 1 December 2015,
http://www.livemint.com/Politics/KpAZtkrkhnxvifTDcHTRZO/France-India-to-launch-global-
solar-alliance.html




| ovins, L. Hunter, “The Veil of Energy Poverty,” Unreasonable.IS, December 2014,
http://unreasonable.is/energy-poverty/

i Mahaptra, Saurabh, “India Plans To Increase Rooftop Solar Subsidy By 5X, To $3.7 Billion,”
Clean Technica, 31 December 2017 https://cleantechnica.com/2017/12/31/india-plans-
increase-rooftop-solar-subsidy-5x-3-7-billion/

ki Mahaptra, Saurabh, “Indian State Of Karnataka Announces 860 Megawatt Solar Tender,”
Clean Technica, 25 Dec 2017, https://cleantechnica.com/2017/12/25/indian-state-karnataka-
announces-860-megawatt-solar-tender/ and Mahaptra, Saurabh, Indian State Plans Massive
Solar Project At Retired Coal Power Plant,” Clean Technica, 31 December 2017,
https://cleantechnica.com/2017/12/31/indian-state-plans-massive-solar-project-retired-coal-

power-plant/

il |ndia Energy Statistics Report,
http://mospi.nic.in/Mospi New/upload/Energy stats 2015 26marl5.pdf

X hitp://www.selco-india.com/

bxv “The Business Case for Off-grid Energy in India,” The Climate Group, Goldman Sachs, 2014,
https://www.theclimategroup.org/sites/default/files/archive/files/The-business-case-for-
offgrid-energy-in-India.pdf

bvi Ogg, Jon C. “Ahead of Model 3: Tesla Value for 2019 Versus Ford and GM Today,” 24/7 Wall
St, 29 March 2016, http://247wallst.com/autos/2016/03/29/ahead-of-model-3-tesla-value-for-
2019-versus-ford-and-gm-today/

bovii Hyll, Dana, “Tesla Inc now has a market cap bigger than Ford’s — and GM’s,” Bloomberg
Financial Post, 3 April 2017 http://business.financialpost.com/news/transportation/tesla-the-
smallest-and-youngest-carmaker-now-has-a-market-cap-that-is-bigger-than-fords

bviii | agoett, Jeremy, State of the Transition: April 2016: Unfolding like the plot of an epic novel,
Jeremy Leggett, 3 May 2016, http://www.jeremyleggett.net/2016/05/state-of-the-transition-
april-2016-unfolding-like-the-plot-of-an-epic-novel/

bxix http://www.teslamotors.com/gigafactory

b Arent, Doug, “After Paris the Smart Bet is on a Clean Energy Future,” GreenMoney Journal,
July Aug 2016, http://www.greenmoneyjournal.com/july-august-2016/after-paris-the-smart-
bet-is-on-a-clean-energy-future/

boi “New Energy Outlook,” Bloomberg, 2016, https://www.bloomberg.com/company/new-
energy-outlook/




i Davila Fragoso, “The electric car market is growing 10 times faster than its dirty gasoline
equivalent,” Think Progress, 13 Oct. 2016, https://thinkprogress.org/electric-vehicle-sales-are-
soaring-worldwide-5718b58441c7

boiii “China Moves To Increase Number Of Electric Vehicles On Its Roads,” All Things Considered,
National Public Radio, 25 April 2017,
http://www.npr.org/sections/parallels/2017/04/25/525412342/china-moves-to-increase-
number-of-electric-vehicles-on-its-roads

hiv | eSage, Jon, “China's ban on gas-powered cars could cripple the oil market,” 12
September 2017, Business Insider, http://www.businessinsider.com/china-ban-gas-powered-
cars-effect-on-oil-market-2017-9

bxv Shahan, Zachary, “USA Fully Electric Car Sales Up 47% In 2017,” Clean Technica, 9
September 2017, https://cleantechnica.com/2017/09/09/usa-fully-electric-car-sales-82-2017/

boovi Hirtenstein, Anna, “Global Electric Car Sales Jump 63 Percent,” Bloomberg, 30 November,
2017, https://www.bloomberg.com/news/articles/2017-11-21/global-electric-car-sales-jump-
63-percent-as-china-demand-surges

bovii Bysch, Chris, “California Considers A Ban On Gasoline And Diesel Car Sales. Can It Work?”
Forbes, 16 October, 2017,
https://www.forbes.com/sites/energyinnovation/2017/10/16/california-considers-a-ban-on-
gasoline-and-diesel-car-sales-can-it-work/#3760b3b523d6

booviii Romm Joe, “37% of Norway’s new cars are electric. They expect it to be 100% in just
8 years,” Think Progress, 21 February, 2017, https://thinkprogress.org/norway-aims-to-end-
sales-of-fuel-burning-car-by-2025-as-ev-market-soars-edeac854fle/

hxix Rodionova, Zlata, “Half of all new cars in Norway are now electric or hybrid,” The
Independent, 7 March 2017, http://www.independent.co.uk/news/business/news/norway-
half-new-cars-electric-hybrid-ofv-vehicle-registrations-a7615556.html

*¢ Hunter Lovins personal experience. She also charges the car from the solar panels on her
ranch: http://www.voanews.com/media/video/electric-cars/3165475.html

xi Randall, Tom, “Here’s How Electric Cars Will Cause the Next Qil Crisis,” Bloomberg, 25
February 2016, https://www.bloomberg.com/features/2016-ev-oil-crisis/

*ii Suh, Rhea, NRDC, personal communication, 8 July 2016,

xqii Spolar Hale, https://www.iterate.ai/Startup/SolarHale, http://www.solarhale.com

XV Kahn, Gabriel, “Did California Figure Out How to Fix Global Warming?



The Golden State's accidental history,” Mother Jones, March/April 2016,
http://www.motherjones.com/environment/2016/03/california-cuts-greenhouse-gas-jerry-
brown-growth-energy

X We predicted precisely this outcome in the 1981 book, Brittle Power,
http://www.natcapsolutions.org/publications files/brittlepower.htm.

xvi McMahon, Jeff, “Steven Chu Solves Utility Companies’ Death Spiral,” Forbes, 21 March 2014,
http://www.forbes.com/sites/jeffmcmahon/2014/03/21/steven-chu-solves-utility-companies-
death-spiral

i Kreijger, Gilbert, Hilmarsdottir, Lara, “Power Outage,” Handelsblatt,
https://global.handelsblatt.com/edition/53/ressort/companies-markets/article/power-struggle

xeviii “| evelized Cost of Energy Analysis,” Version 10.0, Lazard, 15 December 2016,
https://www.lazard.com/media/438038/levelized-cost-of-energy-v100.pdf

xix parkinson, Giles, “Solar plus storage ‘already cheaper than gas,”” Echo Netdaily, 24 March
2017, https://www.echo.net.au/2017/03/solar-plus-storage-already-cheaper-gas/

¢ Irby, Christopher, Public Service Company - Public Service Company - 2016 Electric Resource
Plan Proceeding Number: 16A-0396E Filing Number: G_740080 Document Title: Proceeding No.
16A-0396E_HIGHLY CONFIDENTIAL 30-Day Report, Proceeding No. 16A-0396E_PUBLIC 30-Day
Report_FINAL Deemed Submitted: Thu 12/28/2017 04:51 pm

“ Clark, Pilita, Ward, Andrew, Hume, Neil, “Oil groups threatened by electric cars,” Financial
Times, 18 October 2016,

https://www.ft.com/content/b42a72c6-94ac-11e6-a80e-
bcd69f323a8b?ftcamp=crm/email//nbe/CompaniesBySector/product

¢l “Looking To The States To Improve Natural Gas Storage Policies,” Environmental Defense
Fund, 24 Feb 2017, http://breakingenergy.com/2017/02/24/looking-to-the-states-to-improve-
natural-gas-storage-

policies/?utm source=hs email&utm medium=email&utm content=433760948& hsenc=p2AN
qtz--CzJBfOIt8Lsc49nhC3xINEViJBik4w71rKI7TOL44BLv3y-9ASmAIJIRHY7QX 9ptols--
FwXzK9QJAcc7cTuBFxvk4HNDTpoQtmVZLAfaNOpPUc& hsmi=43376094

¢l Tom Randall, “Tesla’s Battery Revolution Just Reached Critical Mass,”

Bloomberg Technology, 30 Jan 2017,
https://www.bloomberg.com/news/articles/2017-01-30/tesla-s-battery-revolution-just-
reached-critical-mass

v Geuss, Megan, “After just 6 months of planning and building, a substation in CA can supply
80MWh,” Ars Technica, January 2017, https://arstechnica.com/information-




technology/2017/01/a-look-at-the-new-battery-storage-facility-in-california-built-with-tesla-
powerpacks/

© Spector, Julian, “Tesla Fulfilled Its 100-Day Australia Battery Bet. What’s That Mean for the
Industry?” Green Tech Media, 27 November 2107,
https://www.greentechmedia.com/articles/read/tesla-fulfills-australia-battery-bet-whats-that-
mean-industry#gs.Ntm ji8

@ Harmsen, Nick, “Elon Musk's Tesla plans to give thousands of homes batteries: here's how it
would work,” Australian Broadcasting Company News, 4 February 2018
http://www.abc.net.au/news/2018-02-04/how-tesla-sa-labor-free-battery-scheme-would-

work/9394728

@il Expeditionary — Marine Corps and U.S. Army http://simpliphipower.com/expeditionary-
marine-corps-and-u-s-army/

@il Humanitarian: Kisokwe Primary School of Tanzania
http://simpliphipower.com/humanitarian-kisokwe-primary-school-of-tanzania/

*x 98% Efficient Storage Solutions w/o Hazardous Cobalt/Heat Mitigation Requirements,
http://simpliphipower.com/simpliphi-power-showcases-98-efficient-storage-solutions-without-
hazardous-cobalt-or-heat-mitigation-requirements-at-solar-power-international/

™ http://www.greenenergystorage.eu/en/

i Conca, James, “Vanadium-Flow Batteries: The Energy Storage Breakthrough We've Needed,”
Forbes, 13 December 2016,
https://www.forbes.com/sites/jamesconca/2016/12/13/vanadium-flow-batteries-the-energy-
storage-breakthrough-weve-needed/#2a45e165bde8

il This research is being directed by Dr. Clare Grey of Cambridge University,
http://www.ch.cam.ac.uk/person/cpg27

i RE 100, http://there100.org/companies

WV Holzle, Urs, “100% renewable is just the beginning,” Google Environment,
https://environment.google/projects/announcement-100/

v “Qur Carbon Positive Ambition,” Unilever Sustainable Living,
https://www.unilever.com/sustainable-living/what-matters-to-you/moving-to-renewables.html

i Roston, Eric, Eckhouse, Brian, “Waging America’s Wars Using Renewable Energy,”
Bloomberg, 6 July 2016, http://www.bloomberg.com/news/articles/2016-07-05/waging-
america-s-wars-using-renewable-energy




i Naan, Ramez, “How cheap can solar get? Very cheap indeed,” Ramez Naan, 10 August 2015,
http://rameznaam.com/2015/08/10/how-cheap-can-solar-get-very-cheap-indeed/

il Naan, Ramez, “How steady can the wind blow?” Ramez Naan, 30 Aug 2015,
http://rameznaam.com/2015/08/30/how-steady-can-the-wind-blow/

X Naan, Ramez, “How cheap can energy storage get?” Ramez Naan, 14 Oct 2015,
http://rameznaam.com/2015/10/14/how-cheap-can-energy-storage-get/

“* Naan, Ramez, “How cheap electric vehicles can get,” Ramez Naan, 12 April 2016,
http://rameznaam.com/2016/04/12/how-cheap-can-electric-vehicles-get/

i Naan, Ramez, “How far can renewals go? Pretty darn far,” Ramez Naan, 31 Jan 2016,
http://rameznaam.com/2016/01/31/how-far-can-renewables-go-pretty-darn-far/

it Shah, Jigar, Creating Climate Wealth, ICOSA 2013, http://creatingclimatewealth.co/

oxiii Shah, Jigar, “What Einstein Might Say After People’s Climate March,” Capital Content, 21
October 2014, http://www.capital-content.com/2014/10/21/what-einstein-might-say-after-
peoples-climate-march/

oxiv “Solar Guru Jigar Shah on his new book: 'Creating Climate Wealth" Solar Plaza, 9 July 2013,
http://www.solarplaza.com/channels/archive/11143/solar-guru-jigar-shah-on-his-new-book-

creating-cli/

@ Kahn, Gabriel, “Did California Figure Out How to Fix Global Warming?

The Golden State's accidental history,” Mother Jones, March/April 2016,
http://www.motherjones.com/environment/2016/03/california-cuts-greenhouse-gas-jerry-
brown-growth-energy

i Gilding, Paul, “Fossil fuels are finished—the rest is just detail,” REneweconomy, 13 July
2105, http://reneweconomy.com.au/2015/fossil-fuels-are-finished-the-rest-is-just-detail-71574

il http://www.ucsusa.org/sites/default/files/attach/2015/07/The-Climate-Deception-
Dossiers.pdf

oxviit “International Energy Outlook 2016,” Chapter 5 Electricity, Energy Information
Administration, 11 May 2016, http://www.eia.gov/forecasts/ieo/electricity.cfm

oxix Becker, William, “Carbon Sinks, The Nest Big Thing (Part3), Huffington Post, 26 March, 2016,
http://www.huffingtonpost.com/william-s-becker/carbon-sinks-the-next-
big b 9550830.html|?utm hp ref=green&ir=Green




X Lovins, Hunter, The Triumph of Solar in the Energy Race, Unreasonable, July 2015,
http://unreasonable.is/triumph-of-the-sun/, Gilding, Paul, “Fossil Fuels Are Finished — The Rest
Is Just Detail,” REneweconomy, 23 July, 2015, http://reneweconomy.com.au/2015/fossil-fuels-
are-finished-the-rest-is-just-detail-71574, Jeremy Leggett, http://www.jeremyleggett.net/; see
also http://blueandgreentomorrow.com/features/jeremy-leggett-high-chance-of-a-tipping-
point-in-retreat-from-fossil-fuels-soon/

i Dezem, Vanessa, Quiroga, Javiera, “Chile Has So Much Solar Energy It’s Giving It Away for
Free,” Bloomberg, 1 June 2016, http://www.bloomberg.com/news/articles/2016-06-01/chile-
has-so-much-solar-energy-it-s-giving-it-away-for-free

ot Starn, Jesper, “There Was So Much Wind Power In Germany This Weekend, Consumers Got
Free Energy,” Bloomberg, 30 October 2017, https://www.bloomberg.com/news/articles/2017-
10-30/record-winds-in-germany-spur-free-electricity-at-weekend-chart

il Arent, Doug, “After Paris the Smart Bet is on a Clean Energy Future,” GreenMoney Journal,
July August 2016, http://www.greenmoneyjournal.com/july-august-2016/after-paris-the-
smart-bet-is-on-a-clean-energy-future/

oxiv Munsell, Mike, “US Solar Market Grows 95% in 2016, Smashes Records,” Green Tech
Media, 15 February 2017, https://www.greentechmedia.com/articles/read/us-solar-market-
grows-95-in-2016-smashes-records

@V Seba, Tony, Clean Disruption of Energy and Transportation: How Silicon Valley Will Make
Oil, Nuclear, Natural Gas, Coal, Electric Utilities and Conventional Cars Obsolete by 2030, 20
May 2014, https://www.amazon.com/Clean-Disruption-Energy-Transportation-
Conventional/dp/0692210539?ie=UTF8&redirect=true

@i Seha, Tony, “Tony Seba: Clean Disruption - Energy & Transportation,” You Tube,
Colorado Renewable Energy Society, 9 June 2017,
https://www.youtube.com/watch?v=2b3ttgYDwFO

ooxvit Kim, Young Rae, “A Look at McKinsey & Company's Biggest Mistakes, 12 September 2013,
https://www.equities.com/news/a-look-at-mckinsey-company-s-biggest-mistakes

ooxviit Boren, Zachery Davies, “There are officially more mobile devices than people in the
world,” The Independent, 7 October 2014, http://www.independent.co.uk/life-style/gadgets-
and-tech/news/there-are-officially-more-mobile-devices-than-people-in-the-world-
9780518.html

@xiX Hynt, Tam, “Swanson’s Law and Making US Solar Scale Like Germany,” Green Tech Media,
24 Nov 2014, http://www.greentechmedia.com/articles/read/lIs-there-really-a-Swansons-Law




ol Bushong, Steve, Futurist Ray Kurzweil predicts solar industry dominance in 12 years,” Solar
Power World, 30 March 2016, http://www.solarpowerworldonline.com/2016/03/futurist-ray-
kurzweil-predicts-solar-industry-dominance-12-years/

i Jacobson, Mark Z., Mark Delucci, “A Plan to Power 100 Percent of the Planet With
Renewables,” Scientific American, 1 Nov 2009, http://www.scientificamerican.com/article/a-
path-to-sustainable-energy-by-2030/

i The Solutions Project, http://thesolutionsproject.org/infographic/

i Ram Manish, et al, “Global Energy System based on 100% Renewable Energy - Power

Sector,” Research Gate, Technical Report, November 2017,

https://www.researchgate.net/publication/320934766 Global Energy System based on 100
Renewable Energy - Power Sector

oliv Seba, Tony, How to Lose $40 Trillion, Tony Seba, http://tonyseba.com/how-to-lose-40-
trillion/

oV Tony wrote that in 2012. By 2015 the IEA was saying that the number would be $48 trillion
by 2035. Either way it is a huge sum, which the IEA proposes be spend essentially entirely on
oil, gas, coal and nuclear.
https://www.iea.org/newsroomandevents/pressreleases/2014/june/world-needs-48-trillion-in-
investment-to-meet-its-energy-needs-to-2035.html

o Roston, Eric, “By the Time You Read This, They've Slapped a Solar Panel on Your Roof,”
Bloomberg, 25 February, 2015, https://www.bloomberg.com/news/articles/2015-02-25/in-the-
time-it-takes-to-read-this-story-another-solar-project-will-go-
up?hootPostID=56325fde82327ff748eal1971f77f62ab

ovii Morgan, Sam, China eclipses Europe as 2020 solar power target is smashed, EURACTIV, 30
August, 2017 https://www.euractiv.com/section/energy/news/china-eclipses-europe-as-2020-
solar-power-target-is-smashed/

olviii Roselund, Christian, “California’s big utilities to reach 50% renewable energy in 2020,” PV
Magazine, 14 November 2017, https://pv-magazine-usa.com/2017/11/14/californias-big-
utilities-to-reach-50-renewable-energy-in-2020/

odix parnell, John, “Solar will drop below two cents in 2017: GTM,” PV Tech, 6 April 2017,
https://www.pv-tech.org/news/solar-will-drop-below-two-cents-in-2017-gtm

 Dipaola Anthony, “Saudi Arabia Gets Cheapest Bids for Solar Power in Auction,” Bloomberg, 3
October 2017, https://www.bloomberg.com/news/articles/2017-10-03/saudi-arabia-gets-
cheapest-ever-bids-for-solar-power-in-auction




diWwatkins, Morgan, “Even the Kentucky Coal Museum is going solar,” USA Today, 8 April 2017,
https://www.usatoday.com/story/news/nation-now/2017/04/08/even-kentucky-coal-museum-
going-solar/100205662/

dii Spector, Julian, “Study: We’re Still Underestimating Battery Cost Improvements,” Greentech
Media, 17 August, 2017, https://www.greentechmedia.com/articles/read/were-still-
underestimating-cost-improvements-for-batteries

dii “Solar energy now cheaper than fossil fuels even without subsidies,”, ZME Science, 14 June
2017 https://www.zmescience.com/ecology/climate/solar-energy-cheap/

div Davies, Alex, General Motors Is Going All Electric, Wired, 2 October, 2017,
https://www.wired.com/story/general-motors-electric-cars-plan-gm/

v Chi, Tom, https://bsahely.com/2017/11/11/watch-everything-is-connected-heres-how-tom-
chi-tedxtaipei-on-youtube/

M | ambert, Fred, “Tesla’s global fleet reaches over 5 billion electric miles driven ahead of
Model 3 launch,” Electrek, 12 July 2017, https://electrek.co/2017/07/12/tesla-global-fleet-
electric-miles-model-3-launch/

Vi | ambert, Fred, “Understanding the fatal Tesla accident on Autopilot and the NHTSA probe,”
Electrek, June 2016, http://electrek.co/2016/07/01/understanding-fatal-tesla-accident-
autopilot-nhtsa-probe/

oNiii Williams, Brett, “Waymo self-driving cars have driven over 4 million miles,” Mashable, 28
November 2017, http://mashable.com/2017/11/28/waymo-4-million-miles-self-
driven/#6s W1{yK9vsqy

dix\Welch, David, “GM's Self-Driving Cars to Be Ready for Ride-Sharing in 2019,”
30 November 2017, Bloomberg, https://www.bloomberg.com/news/articles/2017-11-30/gm-
sees-self-driving-ride-share-service-ready-for-roads-in-2019

“* Langlois, Shawn, “Hello, self-driving cars, and goodbye to 4.1 million jobs?” Market Watch, 17
September 2016, http://www.marketwatch.com/story/hello-self-driving-cars-goodbye-41-
million-jobs-2016-09-15

X Jacobson, Louis “Are there three times as many solar energy jobs as coal jobs?” Politifact, 25
April 2017, http://www.politifact.com/illinois/statements/2017/apr/25/brad-schneider/are-
there-three-times-many-solar-energy-jobs-coal-/

Xi Deaton, Jeremy, “Americans are now twice as likely to work in solar as in coal,” Think
Progress, 7 February 2017, https://thinkprogress.org/solar-jobs-report-2016-8f0e7c7b91c4/




ki Tabuchimarch, Hiroko, “Coal Mining Jobs Trump Would Bring Back No Longer Exist,” New
York Times, 29 March 2017, https://www.nytimes.com/2017/03/29/business/coal-jobs-trump-
appalachia.html? r=1

ckiv “Renewable Energy and Jobs: Annual Review 2016,” International Renewable Energy Agency
2016,
http://www.irena.org/DocumentDownloads/Publications/IRENA RE Jobs Annual Review 201

6.pdf

ckv “Report: Clean Energy Jobs Overwhelm Coal, Oil and Gas, in 41 states and D.C.” Sierra Club,
2017, https://www.docdroid.net/G6njmYC/sierra-club-clean-energy-jobs-report-final-

1.pdf.html

i Habboush, Mahmoud, “Renewable Energy Powers Jobs for Almost 10 Million People,”
Bloomberg, 23 May 2017, https://www.bloomberg.com/news/articles/2017-05-23/renewable-
energy-powers-jobs-for-almost-10-million-people

chviihttp: //www.johnsoncontrols.com/content/dam/WWW/jci/be/global workplace innovation
/oxygenz/Oxygenz Report - 2010.pdf

ckviiit Shyltz, Kayla, “Wind and Solar Create More Jobs When They Are Locally Owned,” Yes
Magazine, 22 October 2012, http://www.yesmagazine.org/planet/locally-owned-
renewable-energy-better-for-the-environment-and-your-town

chix See also the Club of Rome report on the Circular Economy: http://www.clubofrome.org/wp-
content/uploads/2016/03/The-Circular-Economy-and-Benefits-for-Society.pdf

> Harvey, Fiona, “Switching to a green economy could mean millions of jobs, says UN,” The
Guardian, 31 May 2012, https://www.theguardian.com/environment/2012/may/31/switching-
green-economy-jobs-un

i Carbon Tracker, http://www.carbontracker.org/report/no-rhyme-or-reason-eia-energy-
outlook-coal-companies-risk-disclosure/

<Xl Carbon Tracker, https://www.carbontracker.org/wp-
content/uploads/2014/09/Unburnable-Carbon-Full-rev2-1.pdf

ckiii John Fullerton, The Big Choice, The Future of Finance, Capital Institute, 19 July 2011,
http://capitalinstitute.org/blog/big-choice-0/

chiv Bj|| McKibben, “Global Warming’s Terrifying New Math,” Rolling Stone, 19 July 2012,
http://www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719

v john Fullerton, “Beyond Divestment,” http://capitalinstitute.org/blog/beyond-divestment/




chvi “Egssil fuel divestment: a $5 trillion challenge,” Bloomberg New Energy Finance,
http://about.bnef.com/content/uploads/sites/4/2014/08/BNEF DOC 2014-08-25-Fossil-Fuel-
Divestment.pdf

chvii “|nyesting in a Time of Climate Change,” Mercer, 2015,
http://www.mercer.com/content/dam/mercer/attachments/global/investments/mercer-
climate-change-report-

2015.pdf?mkt tok=eylJpljoiTkdZNE1gYzRaakE1TURSaClsInQiOiJDRWIXbORtZWxBSUQOczUlbmt
Gd3VxaXAyNTVEdzBnRIIrOHBCMXZUckg5cXNTNjV3ZDIUa0syWE5GUXVcL3ZSVkxDa0040OFwvcjd
4RForM1VRSWtoNWdGTFdEdUpsOTV|jSzExVHhZWHdxK1dvPSJ9

chviii Mathiesen, Karl, “Coal investments are increasingly risky, say Bank of America,” The
Guardian, 7 May 2015,
http://www.theguardian.com/environment/2015/may/07/coal-investments-are-increasingly-
risky-say-bank-of-america

chix “Global Energy Markets Transition Drives Thermal Coal Into Structural Decline,”
14 January 2015, http://ieefa.org/global-energy-markets/

cx Greco, Emily Schwartz, “King Coal Catches Black Lung,” Other Words, 18 February 2015,
http://otherwords.org/king-coal-catches-black-

lung/?utm source=feedly&utm reader=feedly&utm medium=rss&utm campaign=king-coal-
catches-black-lung

ki Graham Readfearn, “How Bill Gates and Peabody Energy Share Vision For Coal Powered
Future Through Views of Bjorn Lomborg,” Desmog Blog, 28 October, 2014,
http://www.desmogblog.com/2014/10/28/how-bill-gates-and-peabody-energy-share-vision-
coal-powered-future-through-views-bjorn-lomborg

chaii | gvins, L. Hunter, “The Veil of Energy Poverty,” Unreasonable.lS, December 2014,
http://unreasonable.is/energy-poverty/

choodii Tiffany Kary, Tim Loh, Jim Polson, “Coal Slump Sends Mining Giant Peabody Energy Into
Bankruptcy,” Bloomberg, 13 April 2016, http://www.bloomberg.com/news/articles/2016-04-
13/peabody-majority-of-its-u-s-entities-file-for-chapter-11

chooiv Kary, Tiffany, Loh, Tim, Polson, Jim, “Coal Slump Sends Mining Giant Peabody Energy Into
Bankruptcy,” Bloomberg, 13 April, 2016, http://www.bloomberg.com/news/articles/2016-04-
13/peabody-majority-of-its-u-s-entities-file-for-chapter-11

choxv Gottlieb, Mark, “Peabody Energy: Confirmation Hearing Smashes Long-Standing U.S.
Bankruptcy Laws,” Seeking Alpha, 27 March 2017, https://seekingalpha.com/article/4058090-
peabody-energy-confirmation-hearing-smashes-long-standing-u-s-bankruptcy-laws




choovi Rycinski, Tracy, Hals, Tom, “Coal revival means big stock bonuses at bankrupt Peabody,”
Reuters, 28 February 2017,
http://www.reuters.com/article/us-peabody-energy-bankruptcy-bonuses-ana-
idUSKBN1670HM

choovii CNN Money, “Big Oil loses $200 billion from oil price crash,” 7 January 2015,
http://money.cnn.com/2015/01/07/investing/big-oil-price-energy-stocks/

chooviii Eaan, Matt, “Warning: ExxonMobil may be in irreversible decline,”
CNN, 26 October 2016, http://money.cnn.com/2016/10/26/investing/exxonmobil-stock-oil-
prices/index.html

cxix Randall, Tom, “Bankers See $1 Trillion of Zombie Investments Stranded in the Oil Fields”
Bloomberg, 17 December 2014, https://www.bloomberg.com/news/articles/2014-12-
18/bankers-see-1-trillion-of-investments-stranded-in-the-oil-fields

¢ “The Crude Downturn for Exploration and Production Companies,” Deloitte Center for
Energy Solutions, 2016,
https://www?2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-er-
crude-downturn.pdf

oci “Spotlight on Oil and Gas Megaprojects,” EY, P. 4, 14 August 2014,
http://www.ey.com/Publication/vwLUAssets/EY-spotlight-on-oil-and-gas-
megaprojects/SFILE/EY-spotlight-on-oil-and-gas-megaprojects.pdf;
http://www.ey.com/GL/en/Newsroom/News-releases/news-oil-and-gas-megaproject-
overruns-to-cost-industry-more-than-us500billion

ol Ambrose, lillian, “IEA warns $1.3 trillion of oil and gas could be left stranded,” The
Telegraph, 20 March 2017,
http://www.telegraph.co.uk/business/2017/03/20/iea-warns-13-trillion-oil-gas-could-left-
stranded/?utm source=dlvr.it&utm medium=twitter

oxciil parsonal communication Mark Campanale to Hunter Lovins at the Green Accord Economia
E Finanza Nell’Era No-Carbon, Larderello, Italy, 4 November 2017

ocv Nafeez Ahmed, “This Could Be the Death of the Fossil Fuel Industry—Will the Rest of the
Economy Go With 1t?” AlterNet, 30 April 2016, http://www.alternet.org/environment/we-
could-be-witnessing-death-fossil-fuel-industry-will-it-take-rest-economy-down-it

v Alexander Pleiffer, Richard Miller, Cameron Hepburn, Eric Beinhocker,"The ‘2°C capital
stock’ for electricity generation: Committed cumulative carbon emissions from the electricity



generation sector and the transition to a green economy,” Applied Energy, 24 March 2016,
(Paywall) http://www.sciencedirect.com/science/article/pii/S0306261916302495

oevi Nicholas, Stern, Stern Review: The Economics of Climate Change, 2006,
http://mudancasclimaticas.cptec.inpe.br/~rmclima/pdfs/destaques/sternreview report compl
ete.pdf

oevii “Would you drive a motorcycle without a helmet?” Deutsche Bank, 15 Oct 2013,
https://www.db.com/cr/en/concrete-the-impacts-and-risk-of-climate-change.htm

oeviii Sjobhan Wagner, Insurers' Climate Risk May Be Financial Problem for All,” Bloomberg

Briefs, 21 July 2016,
https://newsletters.briefs.bloomberg.com/document/PglftUTVta90ODKfrRCu79Q--
9ez1sxeg2vpzaO3wql/front

oxex “Global Climate Index 2016: Insurance Sector Analysis,” Asset Owners Disclosure Project, 21
July 2016, http://aodproject.net/global-climate-500-index-2016-insurance/

¢ Carrington, Damian, “Bank of England warns of huge financial risk from fossil fuel
investment,” The Guardian, 3 March 2015,
http://www.theguardian.com/environment/2015/mar/03/bank-of-england-warns-of-financial-
risk-from-fossil-fuel-investments

i Coleman, Thomas, LePlante, Alex, “Climate Change: Why Financial Institutions Should Take
Note,” Global Risk Institute, 2016, https://globalriskinstitute.org/publications/climate-change-
why-financial-institutions-should-take-note/

ccil pyper, Julia, “California Wildfires Spark Utility Investigations and New Regulations,”
Greentech Media, 18 December 2017,
https://www.greentechmedia.com/articles/read/california-wildfires-spark-utility-
investigations-and-new-regulations

ciiil “§306bn in one year: US bill for natural disasters smashes record,” The Guardian, 8 January
2018, https://www.theguardian.com/us-news/2018/jan/08/us-bill-natural-disasters-cleanup-
record-climate-change

<V Friedman, Milton, “The Social Responsibility of Business is to Increase Its Profits,” New York
Times Magazine, 13 September 1970,
http://www.colorado.edu/studentgroups/libertarians/issues/friedman-soc-resp-business.html

€V “US SIF Commends Department Of Labor Repeal Of 2008 Bulletin Discouraging Fiduciaries
From Incorporating Social And Environmental Investment Factors,” The Forum for Sustainable



and Responsible Investment, 22 October 2015,
http://www.ussif.org/blog home.asp?Display=64

Vi This conference was presented by the Link Foundation and Progressive Asset Management,
WWwWw.progressive-asset.com.

cii | ederer, Katy, “The New Economics of Climate Change,” The New Yorker, 30 July 2015,
http://www.newyorker.com/business/currency/the-new-economics-of-climate-change

il personal communication to Hunter Lovins, who helped organize the conference, Mark
Hopkins Hotel, San Francisco, April 2001

<X Investor Network on Climate Change, http://www.ceres.org/investor-network/incr

¢ “Reducing Systemic Risks: The Securities and Exchange Commission and Climate Change,”
CERES, 2014, https://www.ceres.org/files/investor-files/sec-guidance-fact-sheet

cXi “Interpretive Bulletin Relating to the Fiduciary Standard Under ERISA in Considering
Economically Targeted Investments: A Rule by the Employee Benefits Security Administration,”
Federal Register, 26 October 2015, https://www.federalregister.gov/articles/2015/10/26/2015-
27146/interpretive-bulletin-relating-to-the-fiduciary-standard-under-erisa-in-considering-

economically

cxit “The Impact of Sustainable and Responsible Investment,” The Forum for Sustainable and
Responsible Investment, June 2016,
http://www.ussif.org/files/Publications/USSIF ImpactofSRI FINAL.pdf

i “Global Sustainable Investment Alliance Releases Biennial Global Sustainable Investment
Review 2016,” US SIF, 27 March 2017, http://www.ussif.org/blog home.asp?Display=85

XV “The Impact of Sustainable and Responsible Investment,” The Forum for Sustainable and
Responsible Investment, June 2016,
http://www.ussif.org/files/Publications/USSIF ImpactofSRI FINAL.pdf

¢ Behar, Andy, “Exclusive Interview: Andrew Behar, CEO of As You Sow,” Blue and Green
Tomorrow, 10 Nov 2015, http://blueandgreentomorrow.com/environment/exclusive-interview-
andrew-behar-ceo-of-as-you-sow/

cxvi | ederer, Katy, “The New Economics of Climate Change,” The New Yorker, 30 July 2015,
http://www.newyorker.com/business/currency/the-new-economics-of-climate-change

coxvii “Ellen Dorsey, The Alliance for Sustainable Colorado’s 2015 Hero for Sustainability,”
Alliance for Sustainable Colorado, 2015, http://www.sustainablecolorado.org/wp-
content/uploads/2015/05/remarks-for-denver.pdf




coxviii hitp://math.350.org/

cxx Krosinsky, Cary, “Why the ‘Do the Math Tour’ doesn’t add up,” GreenBiz, 27 November
2012, https://www.greenbiz.com/blog/2012/11/19/do-math-tour-doesnt-add-up

cex “Stranded assets and the fossil fuel divestment campaign: what does divestment mean for
the valuation of fossil fuel assets?” Oxford Stranded Assets Programme, October 2013
http://www.smithschool.ox.ac.uk/research-programmes/stranded-assets/SAP-divestment-
report-final.pdf

cxi Rusbridger, Alan, Keep It In the Ground, The Guardian, 16 March 2015,
http://www.theguardian.com/environment/ng-interactive/2015/mar/16/keep-it-in-the-
ground-guardian-climate-change-campaign

coxdi hitp://gofossilfree.org/commitments/

cxdiii “The Global Fossil Fuel Divestment and Clean Energy Investment Movement,” Arabella
Advisors, Dec 2016, https://www.arabellaadvisors.com/wp-
content/uploads/2016/12/Global Divestment Report 2016.pdf

v Gorte, Julie Fox, Falci, Steve, “The Smart Way to Divest Fossil Fuels,” Reuters, 2 March
2015, http://sustainability.thomsonreuters.com/2015/03/03/executive-perspective-the-smart-
way-to-divest-fossil-fuels/

c«xv | ehner, Peter, “Divestment Outperforms Conventional Portfolios for Past 5 Years,” NRDC
Switchboard, 13 February 2015,
http://switchboard.nrdc.org/blogs/plehner/divestment outperforms convent.html

coxvi Collinson, Patrick, “Fossil fuel-free funds outperformed conventional ones, analysis shows,”
The Guardian, 10 April 2015,
http://www.theguardian.com/environment/2015/apr/10/fossil-fuel-free-funds-out-performed-
conventional-ones-analysis-shows

coxvit \raughn, Adam, “World’s biggest sovereign wealth fund proposes ditching oil and gas
holdings,” The Guardian, 16 November, 2017
https://www.theguardian.com/business/2017/nov/16/oil-and-gas-shares-dip-as-norways-
central-bank-advises-oslo-to-divest

coxviit \/alentini, Fabio Benedetti and Ward, Russell, BNP to Halt Shale Qil Financing, Expand
Funds for Renewables, Bloomberg, 10 October 2017
https://www.bloomberg.com/news/articles/2017-10-11/bnp-paribas-to-halt-shale-oil-
financing-in-climate-change-pledge




coxix Change Finance, http://www.change-finance.com/

e New York Stock Exchange, 7 November 2017,
https://livestream.com/NYSE/changefinance/videos/165572663

coxxi press Release, 350.0rg https://350.org/press-release/divest-new-york-victory/

coxxdi Mission 2020, http://www.mission2020.global/

coxiii Kolbert, Elizabeth, “The Weight of the World: Can Christiana Figueres persuade humanity
to save itself?” New Yorker, 24 August 2015,
http://www.newyorker.com/magazine/2015/08/24/the-weight-of-the-world

cooxiv Clean Energy Investment, End of Year 2016,” Bloomberg New Energy Finance, 2016,
https://about.bnef.com/clean-energy-investment/

coxxv Shankleman, Jessica, “As Oil Crashed Renewables Attract Record $329 Billion,” Bloomberg,
13 January 2016, http://www.bloomberg.com/news/articles/2016-01-14/renewables-drew-
record-329-billion-in-year-oil-prices-crashed

cooxvi Clean Energy Investment, End of Year 2016,” Bloomberg New Energy Finance, 2016,
https://about.bnef.com/clean-energy-investment/

coovit Carbon Clean 200, As You Sow, 2017, http://www.clean200.org/report-form

cooxviii “Clagntech Companies Delivered Triple the Returns of Fossil Fuel Companies Over Past

Decade,” Sustainable Brands, 15 August, 2016,

http://www.sustainablebrands.com/news and views/cleantech/sustainable brands/cleantech
companies delivered triple returns fossil fuel

cooxix “Moody's says green bond issuance set for another record year,” Reuters, 19 January
2017, http://www.reuters.com/article/bonds-greenfinance-idUSLAN1F91CO

cd “Climate changing for "green bonds" even in face of Trump skepticism, Reuters, 12 January
2017, http://www.reuters.com/article/us-global-bonds-greenbonds-idUSKBN14W2FX

cdli Rennison, Joe, Samson Adam, Bradshaw, Tim, “Apple raises $S1bn through ‘green bond’ in
environmental push,” Financial Times, 13 June 2017, https://www.ft.com/content/db5b911e-
508a-11e7-bfb8-997009366969

cdii Tweed, Catherine, “IEA: $44 Trillion in Energy Investment Won’t Limit Climate Change to 2
Degrees,” Green Tech Media, 18 November 2016,
https://www.greentechmedia.com/articles/read/iea-44-trillion-in-energy-investment-wont-
limit-climate-change-to-2-degrees




codiil “Green bond issuance up 42% in first quarter of 2017,” Climate Action Programme, UN, 19
April 2017, http://www.climateactionprogramme.org/news/green-bond-issuance-up-42-in-
first-quarter-of-2017

cdliv | ongstreth, Bevis, The Financial Case for Divestment of Fossil Fuel Companies by
Endowment Fiduciaries, Huffington Post Blog, 23 January 2014,
https://www.huffingtonpost.com/bevis-longstreth/the-financial-case-for-di b 4203910.html

<XV | ovins, Hunter, https://www.youtube.com/watch?v=bkBK5sb2V5U




