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Occasionally things happen that really surprise you. Things such
as when Denmark won the European championship in Football
back in 1992. Denmark did not even qualify for the tournament
and was only allowed to participate because Yugoslavia was excluded after qualification, because of civil war. An example closer
Danes like to be in the position of
the underdog and play their best
when there are few expectations, it’s a different story with Tesla, a company that shows
no underdog mentality at all. It is likely a
sign of the world going green much faster
than most people think.

to the investment world is the rise of Tesla. This corporate parvenu, which now commands a market capitalization higher than
Renault and Fiat Chrysler, came out of nowhere and is half the
size of mega corporates like BMW and Volkswagen despite the
fact that until very recently the company was solely a purveyor of
rich men’s toys and not a mass market car manufacturer. While
the Danish surprise back in 1992 probably had a lot to do with
the fact that Danes like to be in the position of the underdog and
play their best when there are low expectations, it is a different
story with Tesla, a company that, like most Silicon Valley companies, shows no underdog mentality at all. More likely, it is a sign of
the world going green much faster than most people think. This
brings us to the latest example of a huge surprise.

Living in Denmark – possibly the country with the most ambitious renewable energy policy agenda in the world – we are obviously aware of wind as an energy source. Wind covered 39% of
demand in 2014 and the target for 2020 is 50%. However, we pay
a high price for wind power. The largest windfarm in Denmark
– Anholt 400 MW Park – receives around €140 per MWh. Currently, the spot price on the market (Nordpool) is €25. Do the
math yourself - the energy transition is expensive.

Energy is no longer a resource,
but rather a technology. This is
important so it is worth repeating and emphasizing: Energy is no longer a resource but
a technology.

In Denmark wind energy covered
39% of demand in 2014 and the target
for 2020 is 50%. However, we pay a high
price for wind power.

We did not see it coming, how did it happen? In 2013, solar power became a cheaper means of generating electricity than oil globally and became cheaper than natural gas in Asia. Moreover, solar
power will continue to get cheaper.
Energy is no longer a resource, but rather a technology. This is
important so it is worth repeating and emphasizing: Energy is no
longer a resource but a technology.

Depicted in the graph below is our most recent surprise: that being environmentally ambitious is not as expensive as it used to be.
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Costs of new technologies fall over time, and costs will continue
to fall. Just think of Moore’s law. Semiconductor costs have fallen
41% per annum for 50 years or so and they continue to fall. Solar
panel costs have fallen 36% per annum since 1991. Costs of Solar
PV modules have dropped by an order of magnitude in the last 7
years; from USD 4.1 per MW in 2008 to USD 0.41 per MW in
2015. Additionally, it is expected that these costs will be halved
by 2020.
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The graph shows the price of different forms of energy in BTU
(British Thermal Unit), a common unit of energy. It shows that
fossil fuels like coal, oil, and gas have gotten more expensive over
time while - out of the blue - suddenly solar power appeared on
the scene. Today it is at par with or below the cost of fossil fuels –
unsubsidized.
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Fossil fuels are, by definition, extractive. Costs tend to rise over
time. Currently, countries around the world face an energy market
with two suppliers. One of those suppliers is technology-based
with falling costs. The other supplier relies on extraction, which
has a rising cost structure. Over time, the answer to the question
of which supplier will prevail is a simple one. What Tesla and the
equity market tells us is that this battle has been fought and that
there is a winner. The world will go electric, driven by the compounding of falling costs in solar energy combined with vast improvements in storage technologies.

Typically, anyone trying to forecast the take up rate will think of
the process as a linear process. However, in fact, most adoption
curves are so-called S-curves and exhibit exponential growth at
some point in time. Analysts therefore get penetration rates wrong
most of the time. Think of mobile telephony, colour TVs, flat
screen TVs, PCs, smartphones etc. Below we show the adoption
curve for colour TVs which has the same shape as that seen for all
above-mentioned technology transitions while having a different
time scale.
Figure 3

The world will go electric, driven by
the compounding of falling costs in
solar energy combined with vast improvements in storage technologies.
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We believe that most people have yet to understand this. Why is
that?
A general challenge across different technology markets is to be
able to predict the growth and adoption of new technologies. New
products start by being very small and niche, and typically do not
get the appropriate recognition because they are considered too
expensive for mass market adoption. However, as new technologies grow from the periphery and gradually take market share from
old challenged technologies they get scale advantages and fall in
price, typically also accelerated by technology improvements, as
Moore’s Law clocks on. Eventually it is game over - when the new
technology reaches 10% market share and mass-market demand
accelerates: the new technology replaces the old one.
The implications are that the investment community, the public, and
politicians underestimate the ongoing disruption in energy markets.
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This is relevant for our conclusions. The International Energy
Agency (IEA) and other forecasters have repeatedly been too pessimistic about solar growth simply because they think linearly.
The implications are that the investment community, the public
and politicians underestimate the ongoing disruption in the energy markets.

Solar Electricity Generation at an
inflection point now
Solar power is a tiny fraction of global energy supply. In 2014,
solar power generation enjoyed another year of very rapid growth
with a 38% increase. Its overall share of global power generation
remains low (0.8%), but that share has doubled in just two years.

Solar is starting to have a noticeable impact in terms of sources of
power generation growth, contributing nearly 15% to the growth
of global power in 2014 (BP Energy Outlook 2014). Despite rapid growth, the extent of solar power is currently too small to matter
in terms of the global price of energy or the trajectory of CO2 emissions, but most likely, this will change in the not so distant future
as we get further up the S-curve.
Today, the largest polluter globally is China. We have previously
written intensively about the environmental clean up opportunity
in China, and we believe that now we can add solar power to the
story. Soon, China will be the largest solar power market globally.
Solar capacity in China is set to reach 46GW in 2015, from 28GW
in 2014. Early reports on the 13th Five-Year Plan suggest that the
2020 GW target for solar power may be raised from 100GW to
150-200GW, translating to an average installation of 20-25GW
per annum. As a rule of thumb, you can think of one nuclear plant
adding 1GW of capacity.
Solar power is now clearly the
cheapest option, compared to
new coal-fired power stations.

India has recently introduced new renewable energy targets and
the country plans to lift total renewable generation capacity from
38 GW today (of which solar is 4GW) to 175 GW by 2020-22
(of which solar will be 100GW). The targets are extremely ambitious as they involve a 20-fold increase over 7 years. However,
things are progressing fast in India and a few weeks ago the US
firm SunEdison won the entire 500MW of solar capacity on auction in the state of Andhra Pradesh, quoting a record low tariff for
India of USD71 per MWh. Again, this was unsubsidised and beat
new coal generation.
These bids follow an auction in the US in October 2015 by the city
of Austin, Texas, which contracted the construction of 300MW of
large-scale solar PV at a price of less than USD60 per MWh including a tax credit, beating gas and new coal plants.

In many parts of the world, utility companies are choosing largescale solar power over new peaking gas plants. Solar PV is beating
gas on fuel costs alone, and is acting as a safe hedge against fuel
price volatility. We are at an inflexion point, just about the point
where the S-curve goes “vertical”.
In many parts of the world, utility
companies are choosing large-scale
solar power over new peaking gas plants.
Solar PV is beating gas on fuel costs alone,
and is acting as a safe hedge against fuel price
volatility.

Much improved battery economics
An important reason why most people have not realized the
change taking place in the renewable world is that solar power
(and wind power) is — by definition — parasitic. As a source
of energy, solar power does not work at night, or when it is raining, or after a snowstorm. Until cost-effective energy storage technologies are available, you still need fossil fuels. Our perception
is that the problem of storage is being addressed today and that
improvements in storage technologies will accelerate renewable
energy penetration like solar- and wind power. Declines in storage costs are currently happening even faster than cost declines in
solar power.

Figure 4
Lithium-ion battery
– Unit cost trend and estimates
USD/kWh
3500

2800

Things are also speeding up on the utility front; California has
mandated that the state’s utilities invest in 1.3 GW of battery capacity by 2020, and Texas is considering investing in up to 5.1
GW of battery capacity in order to be better positioned to balance
the grid as renewable generation expands. Total battery storage
capacity in the US today is around 600 MW, and as such, we are
looking at truly exponential growth.
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The graph above shows the cost of battery storage of energy. The
cost declines have been 19% per annum since 1991. This decline
has been driven by rapid growth in demand from consumer electronic products like mobile phones. Therefore, small batteries
have seen the steepest price declines. This is about to change as
electric utility companies and car manufactures focus on battery
technologies that are more suitable for their needs, namely larger
sized batteries that perform better. Tesla recently introduced the
Powerwall storage solution to residential clients in the US and sold
batteries for around USD 800m in the first week of sales. In Australia – one of the highest penetrated solar PV markets globally –
AGL Energy has introduced a 7.2kWh battery storage system with
what appears to be a massive discount over usual wholesale prices,
let alone retail prices. The AGL offering means that – while still
not at levels that will ignite the mass market - the cost of battery
storage has fallen by more than 50% in just six months.
Tesla recently introduced the Power
wall storage solution to residential clients in the US and sold batteries for
around USD 800m in the first week of sales.

California has mandated that the
state’s utilities invest in 1,3GW of
battery capacity by 2020, and Texas is considering investing in up to 5,1 GW of battery
capacity in order to be better positioned to
balance the grid as renewable generation expands.

Timing is difficult, but the cost of battery storage will fall dramatically, in the same way that the price of solar panels has fallen
sharply as the mass market developed. In a few years, solar power
combined with energy storage will be cost-competitive with traditional sources of power and power distribution. This development
is obviously of utmost importance for residential as well as commercial & industrial customers of electrical utilities globally. In the
coming years, they will become empowered against utility companies that will gradually lose pricing power as demand becomes
much more distributed and flexible.

Electric vehicles are coming faster than you think
However, the biggest changes are likely to happen to the auto industry. The car market has seen a development where consumers
have gotten better and better cars for what are basically stable real
prices. Car manufactures have had little pricing power, but there
has not been real significant pricing pressure as in the technology
markets - markets dominated by Moore’s law. This will change
as the car becomes electric and starts to resemble a computer on
wheels more and more.

Being electric reduces costs, simplifies production and reduces maintenance; Prices will go down and for every
day electrical vehicles will become more and
more competitive.

The electronic content will go up dramatically as the complexity
shrinks. Think of it this way; the battery in a Tesla represents approximately 25% of its cost today. We believe that this part of the
cost base will decline by 20% pa. Furthermore, a Tesla only has
approximately 1% of the moving parts that an Internal Combustion Engine Car has. Being electric reduces costs, simplifies production and reduces maintenance. Prices will go down and every
day electrical vehicles will become more and more competitive.
It is difficult to say when electrical vehicles will have a disruptive
market share. Within a three- or five-year view, you can debate
the magnitude of the shift, but think of it this way; between 2025
and 2030 the world will replace around 500 million cars, most of
which are driving already today. How many of the replacements
will be electrical? We think close to 100%.

Conclusion
Our view is that between now and 2025-2030, the cost-competitive economies that solar power, energy storage, and electric vehicles are approaching today will compound into stark differences
in cost, reliability, pollution, and carbon emissions. The energy
density of solar panels and batteries will continue to rise and
the cost for electricity supply from these sources will continue to
fall. Over the long-term, say the next 15 years, the conversion of
residential, industrial, and commercial facilities to energy storage
plus solar will snowball. Similarly, electric vehicles will be close to
100% of new vehicle additions, as the total cost of ownership of
electric vehicles will be far cheaper and cleaner than all the alternatives. Fossil fuel usage will fall slowly at first, as is the current case
in developed markets, and then quickly over time. In addition,
CO2 emissions will start to decline earlier than most think and
will get close to zero over the coming decades.

While the short-term implications are immaterial, the long-term
implications on the auto and power sectors and on oil, gas, and
coal demand are catastrophic. When will the pricing of the affected stocks reflect the long-term consequences of the energy transition? Most likely not immediately, but for long term investors the
longer term implications are too dire to neglect, and are yet another reason why we have no investments in energy, utilities or car
manufacturing. Contrarily, we are looking to identify long-term
winners from the disruption in energy markets. So far, Carnegie
Worldwide Asia has invested in LG Chem, a Korean manufacturer
of batteries that we believe is well positioned to become one of a
few select leaders in the global battery industry.
The transition away from fossil fuels
is irreversible. And the marginal cost
of energy will go towards zero.

The conclusion for oil and auto demand over the next 10 years is
largely unchanged. However, longer term, a new technology that
is cheaper, cleaner, and more reliable than the existing technology
will not take a 5% or 10% market share position and reach a happy equilibrium with incumbents – the new technology will eventually take everything. That is what previous technology shifts has
taught us, and it is precisely what we expect will happen with solar
power and battery charged cars.
The transition away from fossil fuels is irreversible. And the marginal cost of energy will go towards zero.
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