e-Solar Concept — Thisway, the energy turnaround can succeed!

Thereis scientific evidence that man-made climate change is accelerating. NASA has shown
this very clearly on their website'. How much time we have | eft to counter is controversial.
However, it is clear that the sooner we get our energy emission-free, the greater will be our
chances of mastering the consequences of climate change. Therefore, the rapid success of the
energy turnaround is rightly one of the central demands of the "Fridays for Future™ - and the
"Scientists for Future® - movement. The energy turnaround will change many aspects of our
lives: our energy supply, our mobility and large parts of industrial production. In 2018, we
had a share of more than 40% * of renewable energies in electricity generation, and by the end
of 2019 it might have been just under 50%. If we want to fully rely on renewable energies for
power generation, we will have to roughly double the regenerative share. At the sametime,
this should be done without overburdening our electricity grids and us financialy.

However, eectricity generation in Germany® contributes with284 million tonnes just over
one third of total German CO, emissions. So if we want to switch to 100% renewable energy,
not only in electric power generation but also in sectors such as transport and industry, we
will not only need to generate twice as much electricity from renewables to just make
electricity production CO,-free but about six times as much to get all sectors, including
transport and industry, emission-free!

The most elegant way to do thisisto rely on electricity as the main resource. It istherefore
very interesting and helpful that alot has happened in the storage of electricity and in
photovoltaic power generation, especially in recent times. These recent developments will
fundamentally change our energy mix, and we should be quick in order to have the maximum
benefit of this new situation. The rapid expansion of electromobility is an essential building
block for the transition of our electricity generation to regenerative sources. If vehicles can
not only be charged at electric filling stations (at home or at the workplace), but if they also
can supply power to the grid by injection of apart of their energy content will result in
completely new possibilities. Therefore, the rapid expansion of electromobility parallel to the
ecological transformation of electrical energy production is one of the most important keys to
the success of the energy transition. In the following, therefore, photovoltaics, electromobility
and ultimately the intelligent power grid are discussed in more detail as important pillars of
the energy transition.

Photovoltaics (PV)

If one now thinks of the expansion of renewable energies, especially if one imagines asixfold
increase in the number of plants, thiswill not succeed only with the addition of wind power.
Although the social support for wind energy and the associated wind turbinesis broadly
present, with a six-fold increase in the number of wind turbines, the acceptance would suffer
greatly or even dwindle. Photovoltaics only provide a good 7% of energy in the current
electricity mix in Germany®. This form of energy iswidely accepted by the population, but
this technology still faces many prejudices:

The most common prejudice is that the production of the solar modules would consume more
energy than the modules will generate during their entire lifetime. Thiswas even valid in the
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1960s, because processes and materials from the very expensive microel ectronics were used
for the production of the first solar cells and photovoltaics as an independent branch of
industry has developed |ater in the following four decades. Today, solar modules have an
efficiency of more than 20% and return the energy for their production, set up at an average
location in Germany, in about 2.5 years’. Most manufacturers today give a module warranty
of 20-25 years. If you take this period, so a solar module pays back about 10 times as much
energy asit required for its production!

Another prgjudiceis the seemingly high cost of photovoltaics. Also thiswas true until
recently! The cost of PV modules® has fallen by about 97% since 1990, to about 3% °. So
today (2019) each watt in terms of power of aPV module (Watt-peak or Wp) will cost about
30 cents, in 1990 it was about 10 Euros. There is hardly any other industry that has achieved
such a price reduction over a period of ailmost 30 years through mass production and
innovation. The importance of a Wp price of 30 centsisonly clear when converted into a
price per KWh of electricity generated. A large-scale plant with a PV output of 500 megawatts
produces approx. 500 million kwWh per year in Germany. The modules cost 30 cents per Whp,
that is 150 million Euros. The inverters, which feed the electricity generated into the grid, cost
another 50 million Euros for such a system. For the installation and assembly, you can add
depending on local circumstances about 100 million Euros. This plant will produce 500
million kWh annually, or 10 billion kWh, within 20 years. If you divide the cost of 300
million by the 10 billion kWh, costs per kWh come out of about 3 cents. It is therefore not
surprising that large solar plants are aready being built in Germany today and can
successfully sell their electricity without any subsidies on the market. For example, In March
2019, atender for tendered electricity was granted for a PV system, which supplies electricity
to the grid for 3.9 cents per KWh'°. No other available and scalable power generation
technology can generate electricity at this price level, neither wind, coa nor nuclear. In
addition to the lowest energy prices of PV compared to all other techniques, another
advantage is that this electricity does not usually have to be transported over long distances,
but can be generated regionally, essentially wherever it is consumed or charged into cars.

In Germany, a good 500 terrawatt hours (one terrawatt hour is one billion kilowatt hours) of
electricity were consumed in 2018™. Half of this, around 250 TWh, might be generated in
about 2019 with renewable energies. In order to get an idea of the area that would be
necessary to generate not only twice as much green electricity in Germany as before, but 6
times as much (~1,500 TWh), to fulfill the energy requirements of all sectors such as industry
and transport would result in the following cal culation:

A modern solar panel has an efficiency of approx. 20% and generates approx. 200 watts per
square meter at full solar radiation. With the average radiation power in the federa territory
thiswill result in an annual production of 200 kilowatt hours per square meter. For the 1,500
terrawatt hoursit required to have 7.5 billion square meters of area. Germany has an area of
around™ 360 billion m?, of which around 50% (around 180 billion m?) is agricultural land.
For this reason, 4% of today's agricultural areas would be enough to generate three times the
amount of electricity consumed in Germany today, or about six times the amount of green
electricity generated in Germany today.
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The green square corresponds to 7.5 billion mz,
or 2% of the German territory, or 4% of the

German agricultural area

Firgure 1: On an area of only 2% of the federal territory, the entire amount of energy consumed in
Germany can be generated by photovoltaics..

But that does not mean that these areas have to be lost to agriculture. There are already some
examples of the so-called "Agro-Photovoltaics'*3, in which the solar modules are mounted
above the agricultural land and below, partly shaded, agriculture is operated. This type of
agriculture can proceed with less water, because of |ess evaporation under the shading. This
may even result in higher crop yields for some plant species than would be the case without
agro-photovoltaics. But the most important thing is that there is no conflict between energy
production and food production with this strategy.

Firgure 2: Agro-photovoltaic system of the Hofgemeinschaft Heggelbach”.
Agricultural production and energy production in the same place are not mutually exclusive.
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Even biodiversity would receive a positive impetus, since the non-agricultural areain the area
of the foundations and supports of the solar installations, which must be traversed by the
tractors, insects and birds can find a home.

A massive expansion of photovoltaics as one of the mainstays of our energy supply brings
with it the problem that solar panels generate significantly more electricity in summer than on
short winter days. Now it is the case that the heating of buildings in Germany consumes
relatively much energy in winter, while the consumption by air conditioning in summer is
relatively low compared to the southern countries. In Spain and the south of Franceit isthe
other way round. Here in summer you need very large amounts of energy for air conditioning,
in winter, however, little for heating. Electricity trading with the southern European countries
with the respective seasonal surpluses would therefore be a very efficient and helpful way to
deal with energy surpluses and deficits. It is aso conceivable to convert part of the summer
excess electricity into hydrogen or e-gas™ in order to be able to useit in stationary fuel cells
or gas-fired power plants in the winter to generate electricity.

Electromobility

There are currently about 65 million vehicles registered in Germany. If oneimaginesin a
fictive scenario that in the medium term 40 million vehicles are equipped with eectric drive
and, asit is aready achieved today for larger e ectric vehicles from Porsche, Audi, Teda, etc.,
achieve arange of about 500 km, so the battery has a capacity of approx. 100 kWh. In this
example, we have 40 million vehicles, each with a capacity of 100 kWh. In this scenario, 4
billion kilowatt hours of energy are stored in the vehicle batteries when they are full. If, for
comparison, one looks at how much storage capacity all German pumped-storage hydropower
plants have, this number with around 40 million kWh®, is only about one percent and is
rather small compared with the energy stored in the described vehicle scenario.

The éectricity supply of afuture electricity mix from renewable energies will be subject to
strong fluctuations. Sometimes strong wind blows and it is cloudless, then the PV plants
produce power at rated level. But there are also days when the wind blowsweak and it is
cloudy. Now, the grid-friendly storage systems become very important. Massive expansion of
pumped-storage hydropower plants and associated landscape consumption would be difficult
to implement, and even with atenfold increase in the number of pumped-storage hydropower
plants, it would still only account for 10% of the energy stored in the vehicles from the above
example. Now it isthe case that not every car driver needs the full range of hisvehicle every
day. The vast mgjority, drive less than 100 km per day and require less than 20% of their car
battery capacity. So if the car owners would provide some of their battery capacity for the
stability of the grid power, assuming only 25% of the battery capacity, that is already 25 times
as much as the total storage capacity of al German pumped-storage hydropower plants
together. In afuture renewable energy mix, based on these considerations, electromobility
will play acrucial role in the energy turnaround, sinceit is difficult or expensive to provide
the necessary storage of the electricity without the electric vehicles. Another example may
help to illustrate this better. If you consume 3,600 kWh of electricity per year in your
household, which isafairly typical vaue for Germany, you will need an average of 10 kWh
per day. If your car has 100 kWh capacity in this example, you only need about 10% of that
capacity per day in your household. The electric cars would thus be able to ensure the power
supply for the households of their owners for afew days and this completely decentralized,
even in the situation of a complete failure of the generation capacity. A prerequisite for the
injection of energy from the vehicles battery to the grid would be DC charging stations with
integrated inverter, in other words: bidirectional charging stations. Such systems are currently
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infield trials'’. Thistechnology is aso referred to as vehicle-to-grid (V2G) or vehicle-to-
home (V2H) 8 and would be immediately available with the appropriate political will and
rapid expansion of PV and electromobility. Bidirectional home or office charging stations
were launched in late 2018 and will be available on the market shortly™.

But aswith PV, there are big or maybe even bigger biases in electromobility, perhaps the
biggest first:

"The electric cars cause more CO, emissions when producing the batteries than they can save
during their car lifetime." At this point, again and again, a study from Sweden is quoted®,
which is basically no study, but a meta-study. This means that the Swedish authors did not
investigate anything themselvesin 2017, but merely compiled the results of other (even older)
studies. Apparently, there were many who have spread this study despite their shortcomings,
such as the "Focus"#*. It was also quoted in many other papers and also by politicians, one
could almost say, it has spread "viral". However, before political decisions are made on the
basis of a poor, now completely outdated study, one should take a closer look at it.
Meanwhile, some critical articles have been published that highlight the shortcomings of the
study; E.g. in the "Handel sblatt": "Electric car batteries: That's how the myth of 17 tons of
CO, ?? wasborn”.

The production of lithium batteries requires alot of energy, but, as with the example of
photovoltaics, with increasing production volumes it becomes less and less per battery cell.
The energy you need is, above all, energy in the form of electricity. If you now imagine a
battery factory, which is operated CO, neutral with a solar power plant or with a hydroelectric
power plant, so the CO, emission in the production of lithium batteriesis very low. Thisis
precisaly what Tedais doing, for example, in its final expansion stage of the so-called
"Gigafactory" in Nevada, which is already in operation®. The electricity for the production of
lithium batteriesin this factory is produced amost directly from the solar and wind power
plants located directly on (and around the plant). Anything else would be economically
nonsense, since the cost of solar power in the Nevada desert are again significantly lower than
in the example above in Germany - no other form of energy would be cheaper.

The second big prejudice is the aleged lack of availability of raw materials. Now you need
for the production of lithium batteriesin addition to lithium carbonate also cobalt. Both are
not unproblematic raw materials. The world's lithium reserves are estimated at over 50 million
tons. This does not contain lithium, which is dissolved in the sea, at around 240 billion
tonnes™. In 2017, forty-two thousand tons of lithium were produced. If this consumption
stagnated, the reserves would be sufficient for good 1000 years. For the production of a
battery for acar with 100 kWh capacity about 10 kg of lithium %° ?° are needed. So you could
build with the reserves of lithium about 5 billion vehicles. Furthermore, the recycling of
lithium (and other raw materials contained in the batteries) from vehicle batteriesis also
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almost entirely possible?”. Another aspect is the recovery of lithium from the seawater, in
particular from the brine, which is obtained in the seawater desalination. Sooner or later, this
source will certainly complement lithium production and is the subject of much research®.
The amount of lithium from the seawater is so large that it can be considered inexhaustible by
human standards.

The second often discussed material is cobalt. Cobalt is currently needed in small quantitiesin
the traction batteries (NCO cells) for electric vehicles. For example, VW incorporates
batteriesin its e-Golf that contain about 10% of cobalt®. Tesainstalsin its"Model 3"
batteries with a cobalt content of less than 3%, so afraction of it. However, it is by no means
the case that cobalt is absolutely necessary for the operation of a battery™. There are already
many lithium-ion batteries that can operate without cobalt, such as the lithium-iron-phosphate
battery, whose higher weight for vehicles, however, is a disadvantage and are therefore used
mainly for stationary storage. Therefore, intensive work is being done on the development of
cobalt-free drive batteries. The University of Maryland, in partnership with the US military,
has recently unveiled a cobalt-free lithium-ion battery that is not only safer, but promises even
more than twice the capacity of previous batteries™. If you look at the number of publications
in this area, the innovation fireworks seem to have just been ignited.

Alternative Vehicle Drives

What technical options do we have beyond the battery-powered electric vehicles (BEV)?
Electric vehicles with hydrogen fuel cells would be such an option. But it is also worth a
closer look here:

Hydrogen is produced by electrolysis from water using electricity, then enormously
compressed, transported, stored and finally converted back into water in afuel cell with the
release of electricity. This electricity can then e.g. drive an electric vehicle. So this process
involves many transformation processes that reduce the overall efficiency. The highest
efficiencies of fuel cells currently achieved are about 60% *2. In the production of hydrogen
by electrolysis, one can assume an efficiency of about 70 %>. The problemiis:

In the calculation of the overall efficiency you have to multiply the individual efficiencies, so
in the above figures, the 0.6 times 0.7 is 0.42 or just atota efficiency of 42%. For akilowatt-
hour of electricity from a hydrogen-powered fuel cell, therefore, you must initially spend
amost 2.5 kWh of electrical energy. The compression, transport and storage worsen the
efficiency again. So if we change vehicles not to battery-powered ones but to hydrogen fuel
cell electric vehicles, we would need more than two and a half times the amount of electricity
in the transport sector. The grid stabilization by recharging from the vehicles into the
electricity grid, which is fundamentally important for the success of the energy turnaround,
would not be so readily possible. Another significant disadvantage of these vehiclesisthe
lack of recuperation, so the return of kinetic energy in the battery. It is precisely this feature
that makes electric vehiclesin the city so efficient, since accelerating and braking at the next
traffic light makes even large and heavy vehicles, converted into diesel fuel, consume just
over aliter. To at least compensate for this disadvantage, there are developments, in addition
to the fuel cdl still abattery to install, asit was implemented for example in the Toyota
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Mirai®*. However, this leads to even more technology on board and drives the costs up
considerably. The safety aspect of sitting on a 700 bar hydrogen pressurized tank, which can
form an extremely explosive oxyhydrogen gas mixture with the surrounding oxygen, is
another point to consider in the discussion.

Fuel cells, such as those used today in vehicles, contain platinum as an important material.
For afuel cell with 100 KW power today you need about 43g of platinum®. The problem is:
platinum is extremely rare. Globally, only about 200 tons of it are produced per year® and the
production of platinum is anything but an environmentally friendly and clean thing. For the
65 million German vehicles alone, 43g per vehicle would require 2,795 tonnes. If we were to
move globally to fuel cell vehicles, with 1.2 billion vehicles estimated globally®’, well over
50,000 tons would simply need 250 times the current annual world production of platinum®,
Even if it succeeds in reducing the platinum content in fuel cellsto only 25% of today's value,
it would still be more than 60 times as much as we can produce today.

Alternative fuels

Today, 10% so-called bioethanol is usually added to the gasoline in order to reduce the CO,
emissions of the German motor vehicle fleet. Would an expansion be a sensible option? The
consideration of the efficiencies gives a somewhat better insight into the situation here: plants
that produce biomass through photosynthesis do so with an efficiency between one and two
percent of the incident solar energy®. In addition, fertilizer is still needed for the plants and
diesel for the agricultural vehicles. The conversion of biomass into bioethanol further reduces
the efficiency. Ultimately, the use of bioethanol in an internal combustion engine with an
efficiency of also below 30% isvery low. Since we have to multiply efficiencies, we come to
an overall efficiency of less than 0.5%. If we compare this with the PV and a battery-
powered electric car, we need for each kilometer we want to drive, more than 30 times the
areafor energy production. Thisareais not available in Germany! And here, thereisa
significant ethical conflict between food production and the production of energy crops.
Another technical option isthe conversion of eectricity into a synthetic fuel, with which
conventional internal combustion engines can be operated. On the vehicles one would not
even have to make any major changes for these "e-Fuels***; they could basically be driven
directly with such fuels. Here is the problem especially the low efficiency. If we completely
shifted our mobility to e-fuels, we would need around 5 times more renewable el ectricity than
battery-powered vehicles for the transport sector alone.

Smart Grid

The generation and demand in a power grid with an increasing share of renewables will
hardly be reconcilable without |arge storage and reserve capacities. The possibility to use the
fleet of electric vehicles both as a power sink in times of overproduction, as well asto take at
times of low production energy from the vehicles back to the grid stabilization, has already
been addressed. However, the question is. what should motivate car owners to wear their
batteries to the community, even if this wear is very low*? In order to regulate supply and
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demand, one usually uses the price in a market economy. Amazingly, the consumer always
pays the electricity supplier the same, regardless of whether he is drawing electricity when it
is scarce, or when there are massive surpluses. These fluctuations in supply and demand can
be clearly seen in the spot prices of the power exchange™, which provide daily information
about the available amount of electricity and thus the associated price for every hour of the
day. With arelatively simple trick, you could implement nationwide energy management: put
asignal on the power linethat tells the device at the end of the line (such as awashing
machine or electric car charger) the current electricity price. If you then as a consumer of your
washing machine specify a maximum price of electricity such as 10 cents per kWh, the
washing machine "waits" with the start until the power overproduction has reached alevel
that drops the priceto less than 10 cents. Naturally, with increasing over-production of
electricity, the price of electricity will become lower and more and more devices will be
switched on in thisway, until, similar to the stock exchange, a certain price level has settled.
Carswith alarge battery will therefore be charged from an economic point of view during
times of overproduction. However, if the electricity demand is greater than the power
production, the car ownerswill "alow" their vehicles from a certain price per kWh, again to
give aportion of the energy of their battery into the grid. They do so for purely economic
reasons. A modern battery in an electric vehicle can be charged more than 2000 times in about
8-10 years. With arange of about 500 km of these cars, this results in a possible mileage of
500 km times 2000, so theoretically about one million km. Half of them, half amillion km,
have already covered a TeslaModel X in the US and the battery still has more than 90% of its
initial capacity*. Since hardly a car owner will cover such long distances within the lifetime
of hisvehicle battery, he can thus behave grid-friendly without having the risk of heavy wear
of his battery, and he can at the same time earn something by the electricity sales in times of
low power generation in the wind and solar power plants. Of course, thisis not possible when
you are on your way to vacation. If you are at work during the day and the vehicle is parked at
the company car park, or at night in the garage, or in the parking lot connected to a
bidirectional charger, that would be easily possible because an average car isidle for more
than 90% of itstime.

Conclusion

The energy turnaround will succeed if the transition to electromobility takes place in parallel
with the expansion of power generation from renewable sources. A very important aspect is to
create and promote the possibility that the vehicles are available both as a current sink and as
apower source for the power grid. Thiswould create a gigantic collective power storage
without it, our security of supply would not be guaranteed! And that, since the batteries for
the cars are necessary anyway, without additional costs. The photovoltaics has become from
one of the most expensive to the cheapest energy source, which is now available with less
than 4 cents per kilowatt hour (tendency falling annually). The expansion in the form of agro-
photovoltaic would quench our thirst for energy and at the same time enable food production -
without additional land use.

Anintelligent network that tells the connected devices what the current electricity priceis
would provide a simple way to make meaningful use of the fluctuating supply in afuture
energy supply while supporting the grid when it becomes necessary - all with market-based
rules. All these described techniques and building blocks for the success of the energy
turnaround already exist. So we just have to promote, expand and use them!

3 https://ecomento.de/2018/07/24/643-738-kil ometer-in-tesl as-el ektroauto-limousine-model -&/
4 https://ecomento.de/2018/07/24/643-738-kil ometer-in-tesl as-el ektroauto-limousine-model -</
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Y ou can download this article for free as a pdf at https.//www.e-solarconcept.com
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