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Annotation: The majority of this document has been was written in early February 2022, i.e. 
BEFORE the start of the Ukraine war, only a few additions were made after February 24th, 
2022. However, I believe that most of this document is still valid. 
By 2021, Germany received around 45% of its natural gas from Russia, Austria around 80%. 
In the German ENERGY TRANSITION, natural gas was intended as a transitional technology 
until 2050, as a replacement for coal and nuclear power. It had been planned to build about 40 
gas-fired new power plants distributed all over Germany as a transitional technology by 2050. 
The Ukraine war "shattered" the previous concept of German ENERGIE-TRANSITION! 
If the Ukraine conflict is not resolved quickly, Germany most likely will have to extend the 
operating times of coal-fired power plants and nuclear power plants, willy-nilly. 

1 GREEN DEAL the EU / German ENERGY TRANSITION 

The European Commission (EC) has a corresponding one under the presidency of 
Ursula von der Leyen GREEN DEAL-Law (European Climate Law) presented on 
March 4, 2020 and subsequently adopted, with the aim of reducing net emissions of 
greenhouse gases to zero in the European Union by 2050 and thus being the first continent 
to do so in 2050 and to thus become “climate neutral”. 

On September 17, 2020, the EC announced that it would tighten the proposed CO2 reduction 
target to 55% of the 1990 greenhouse gas emissions. 

On July 14, 2021, the EC presented a "Fit for 55" package with new guidelines and 
regulations from the European Commission on the European Union's climate policy. 
With EU´s new "Fit for 55" goal the CO2-emissions in the EU are to be reduced by at least 
55% by 2030 compared to 1990 emissions and Europe shall achieve “climate neutrality” 
by 2050. 

By far the largest CO2 emitters worldwide, in the EU and in Germany, are fossil power 
plants (coal power, gas power plants). Electricity from fossil power plants makes up about 
55% of the total worldwide CO2-emissions, the exhaust gases of all cars make up "only" 
about 14% of the worldwide CO2-emissions. The emissions of all Diesel-cars (diabolized by 
green politicians and Fridays-for-Future etc.) account for approx. 4% of global 
CO2-emissions, only. 

Germany has been investing heavily in renewable electricity generation (wind power and 
photovoltaics (PV)) for around 20 years. 
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2 ENERGY, EXERGY versus ANERGY 

Crucial to the topic ENERGY are what many unfortunately do not know, the EXERGY-Flow 
charts and best use of the EXERGY. 

Nowadays (unfortunately) a lot of people (politicians, media, Fridays-for-Future, etc.) are 
talking about the topic ENERGY who don't even understand the difference between "energy" 
and "power" (i.e. the difference between "kWh" and "KW") 

 

To the topic ENERGY: To be able to make meaningful concepts and energy policy, one 
MUST really understand at least the 1st and 2nd law of thermodynamics. 

 From a technical and physical point of view it is nonsense to talk about "energy 
consumption" or "energy extinction". 

 According to the law of conservation of energy in physics, energy can neither be 
consumed nor "extinguished". 

 The only thing that can be consumed or " extinguished" is EXERGY(see flowchart 
Figure 1). 

 According to the laws of thermodynamics ENERGY out of EXERGY and ANERGY. 

 EXERGY is the valuable portion of energy that can be converted into any other form 
of energy (e.g. electricity).ANERGY is inferior energy, e.g. low-temperature heat, only 
a very small part of which can be converted into other forms of energy. 

 

 

Figure 1: simplified exergy- and energy-Flow chart of power generation and from a steam 
power plant (Source: WIKIPEDIA) 

3 LOW COST ENERGY - Important factor for 
the competitiveness of every business location 

The reliable availability of energy at globally competitive prices is one of the most 
important keys to the competitiveness of any business location. 
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In this respect, as an engineer, I am surprised that many politicians in the EU apparently 
assume that achieving the GREEN DEAL goals by 2050 is an easy task! 
This is definitely wrong! 

For highly industrialized nations - like Germany – the GREEN DEAL is extremely difficult and 
expensive, and in this document I try to explain that the GREEN DEAL goals are hardly 
achievable for industrial nations - like Germany - by 2050 for many reasons! Since 
February 24, 2022 (start of war in Ukraine), many EU politicians request a massive 
acceleration of the GREEN DEAL / ENERGY TRANSITION. However such a massive 
acceleration is not possible due to the lack of the gigantic materials needed (copper, 
aluminum, steel etc.) and due to the lack of electricians needed to install the huge number of 
wind turbines and PV-systems - see §7.2and §7.3. 

It is a fact that renewable electricity in Germany has lost a market share in 2021 (40.9% 
compared to 44.1% in 2020 – see Figure 2. 

The big winner in 2021 in Germany has been coal, which each gained around 2% market 
share in electricity generation, not for fun and frolics, but because there is no other way to 
maintain a stable power supply after some German nuclear power plants have been shut 
down. 

 

 

Figure 2: Share of energy sources in electricity generation in Germany year-on-year, 
in percent (source: BDEW) 

 

3.1 Natural gas / LNG (Liquefied Natural Gas) 
If Putin actually shuts off the EU's gas or the gas pipelines through Ukraine are destroyed by 
bombs, Germany's only option to secure its primary energy supply is to quickly and 
massively ramp up (lignite) coal and nuclear power plants for a few years (e.g. until 2035) 
and until then build-up wind and PV as well as other natural gas-suppliers (LNG terminals 
etc.) In any case, the range of coal resources would not be the problem (see Figure 3). 



 
 

Dipl. Ing. Bruno Lindorfer: LIMITATIONS of the ENERGY TRANSITION (“GREEN DEAL") in Germany and the EU  Side:4 

di.bruno.lindorfer@liwest.at 2022_02_Lindorfer_LIMITATIONS_OF_EUs_ENERGY_TRANSITION_EN_20.docx Rev. (SavDate).:27.05.2022 15:58 

 

Figure 3: Static ranges of non-renewable energy resources 
(Source: BGR, Hanover, 2010) 

You can currently see that even "small" problems, such as the fact that Russia has only been 
supplying the EU with the gas quantities according to the contract since mid-2021, has led to 
massive energy price increases in the EU. 

Gas price and electricity price increased DRAMATICALLY by +325% in 2021 (see Figure 4). 
Of course, this dramatic gas price increase in 2021 has nothing to do with the Ukraine war! 

Companies in the US have the relatively cheap US-fracking gas and only pay about 1/3 of 
the gas price compared to companies in the EU. 

The EU is currently loosing one important component of the EU's competitiveness! 



 
 

Dipl. Ing. Bruno Lindorfer: LIMITATIONS of the ENERGY TRANSITION (“GREEN DEAL") in Germany and the EU  Side:5 

di.bruno.lindorfer@liwest.at 2022_02_Lindorfer_LIMITATIONS_OF_EUs_ENERGY_TRANSITION_EN_20.docx Rev. (SavDate).:27.05.2022 15:58 

 

Figure 4: Electricity price in the EU: January to December 2021 

 

The GREEN German economics minister HABECK submitted a report to the Economic 
Committee of the German Bundestag on April 5, 2022 on the "Critical effects of a shortage 
of fossil fuels in Germany". 

Habeck's Ministry of Economic Affairs writes that with LNG-tankers could reduce 
Germany's dependence on Russian gas to 10% by 2024. 

I think that's completely unrealistic: Even if QATAR, the SAUDIs and the USA could 
deliver these gigantic amounts of LNG (which they cannot, because the capacity of the 
LNG-terminals is tied to long-term, on-going contracts), there is a lack of approx. 
31 SUPER-LNG-tankers. 

The super cooling & liquefaction of natural gas is a very complicated, energy-intensive 
process, see e.g. the interesting link entitled "Will gas supertankers break Gazprom's 
backbone?"https://refu.ru/en/zarabotok/gazovyi-tanker-gazovye-supertankery-slomayut-hrebet-gazpromu.html  

For example, due to the high flammability of methane, the tanks in the ship must be 
flushed with inert gas (N2) before loading with LNG and the oxygen content reduced to 
around 2%. That costs time, energy and money. 

The LNG must be cooled to just below the boiling point of methane (CH4), i.e. 
below -162°C.That costs a lot of time and a lot of energy and a lot of money. 

The tanks of the tanker also have to be cooled down to below -162°C beforehand. 

The SUPER-LARGE-LNG-freight vessel (“LNG-tankers”) have to drive very fast, otherwise 
too much of the valuable LNG will evaporate! Therefore, LNG tankers have powerful 
diesel engines, each with around 50,000 hp and more, which emit a huge amount of CO2. 

LNG usage therefore emits much more CO2 overall than transporting natural gas in pipelines. 

Therefore, LNG also costs far more than twice as much as pipeline Russian gas. 

And one does not build about 31 (see below) new SUPER-LNG- freight vessel 
(“LNG-tankers”) overnight! 
Special steels are needed for this: 
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 On the one hand so-called heavy plate steels. These are very thick steel sheets 
(thickness larger than 10 mm). Germany, for example, only produces around 4 million 
tons of heavy plate p.a. 

 On the other hand, special steels with very low temperatures (below -162°C !! ) 
shifted steep drop in notched impact strength, for all system parts that are exposed to 
the pressurized, deep-frozen LNG (below -162°C !) 

The LNG SUPER-tankers have a dead weight of around 500,000 tons. I estimate 70% of this 
is heavy plate, which would mean about 11 million tons of ADDITIONAL heavy plate 
required for 31 new SUPER LNG tankers! This is the approx. 3-times the annual production 
of current German heavy plate-Production! 

 

On the quantity balances for natural gas from a German perspective: 

 In 2020 Germany imported 56 billion (56x109) m3 of natural gas from Russia via 
pipelines (that is 1800 m3 of natural gas PER SECOND!!!) 

 There are currently around 600 LNG tankers in the world: 
The older, smaller ones have a capacity of around 100,000 m3 LNG, the newer ones, 
MEGA-big SUPERLNG-Tanker about 250,000 m3. 

 I estimate the time for a delivery cycle, i.e. cooling down, pumping onto the tanker, 
driving from the USA to Northern Germany, unloading, returning to the USA, to be 6 
weeks, i.e. cycle time = 6 weeks. 
That gives 8 cycles per LNG-tankers per year. 

 Natural gas is compressed and liquefied by a factor of approx. 600 to LNG using a 
great deal of energy (which is lost). 

Germany already managed to substantially reduce gas imports from Russia in May 2022. 
If one assumes as a working hypothesis that Germany manages to halve the Russian gas 
imports to approx. 30x109 m3 of natural gas, this results in the number of 
SUPER LNG Tankers ADDITIONALLY needed by Germany: Approx. +31 tankers: 

30x109 / 600 / 200,000 / 8 = approx. 31 ADDITIONAL SUPERLNG required by 
Germany-tanker. 

Germany cannot build these new 31 gigantic LNG-SUPER-tankers itself. Currently only 
Korea (SAMSUNG and DAEWOO) can build such gigantic LNG-SUPER-tankers! 

So far, 14 MEGA LNG-tankers have been built worldwide, all in South Korea (either by 
SAMSUNG or DAEWOO) - seehttps://de.wikipedia.org/wiki/Nakilat_Q-Max-Class  

However, China and Spain recently announced to enter into the construction of 
LNG-SUPER- tankers. But I suspect it's not that easy technically and the Koreans probably 
have a 10-year technical lead. 

I could imagine that about 5 SUPER LNG-Tankers can build ADDITIONALLY p.a.. 
The first 5 could be delivered around 2025, and then 5 ADDITIONAL SUPER LNG-tankers 
each year. Then, after about 6 years, i.e. about 2031, all 31 SUPER LNG-tankers 
ADDITIONALLY needed by Germany could be built and delivered. 

I therefore consider it completely unrealistic that Germany will be independent of 
Russian gas as early as 2024, as Robert Habeck, the German Minister of Economics, 
says! 
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In my opinion, the bottle-necks are not only the limited shipbuilding capacities for the 
construction of 400 m long SUPER LNG-tankers, but also the required quantities of 
special steels, etc. 

But of course these are all just rough estimates done by myself. 
For more precise statements one would have to look into the topic in detail. 

4 The REAL problem of switching from fossil fuels to renewable 
energy sources 

The REAL problem the conversion from fossil fuels to renewable ("renewable") energy 
sources, and the reason why the Paris climate agreement is not feasible in my opinion is that 
the total energy consumption (primary energy consumption) of mankind is 
EXTREMELY HIGH and continues to increase, and more than 80% of it worldwide is fossil 
fuels (see eghttps://de.wikipedia.org/wiki/Weltenergiebedarf). 

Also in Germany and Europe as a whole, approx. 80% of the primary energy 
consumption is fossil energy (in 2021). 

In France, for example, although the share of fossil fuels in electricity generation is relatively 
small (70% nuclear power), electricity only makes up a small share (approx. 20%) of primary 
energy consumption worldwide and also in Germany and France. Therefore, in France, too, 
the share of fossil fuels in primary energy consumption is around 80%. 

And that's why the so-called German ENERGY-TRANSITION in truth only is a 
"ELECTRICITY- TRANSITION” and only affects20% of Germany´s total energy 
consumption. 

World-Primary energy demand 2019: 580 ExaJoule (EJ) 

Written out: 580000000000000000000.0 joules 
(21 digits BEFORE the comma) 

These 580 EJ correspond to about 160 PetaWatt hours (PWh) 
 

EU-Primary energy consumption in 2019 approx. 58 ExaJoule EJ 

Written out: 58000000000000000000.0 joules58 exajoules EJ = 
16,000 (TWh) or 16 petawatt hours (PWh) 

 

Primary energy consumption in Germany 9 ExaJoule (approx. 
15.5% of the EU-primary energy consumption) 

 

France operated 57 nuclear power plants in 2021 which produced a total of 572 TWh of 
electricity in 2021, i.e. approx. 10 TWh per nuclear power plant per year. 

The transition of EU´s 16,000 TWh Primary energy consumption (2019) to renewable 
energy production corresponds to approx. 1600 ADDITIONAL nuclear power plants or 
to approx. 12,000 ADDITIONAL large Austrian Danube hydro power plants! 
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The primary energy requirement of the EU is currently almost exactly 10% of the world 
primary energy requirement, but consumption is stagnating in the EU, so the EU's 
share of the world primary energy consumption is falling continuously. 

5 Some fundamental disadvantages of renewables, especially PV, 
in our latitudes (at the equator or in the Sahara it would be different) 

5.1 Massive increase in the price of electricity due to renewables 
SummerWinter Problem of Renewables 

Proponents of renewables argue that electricity from renewables is getting cheaper and is 
already cheaper than electricity from conventional power plants, and they argue with the 
following cost argument PRO Renewables: 

 Renewables don't need gas or coal 
 The sun does not send an invoice. 

However, this cost argument is and will remain false for a number of reasons, as explained 
below: 

One reason for this is the following: 

Since the wind doesn't always blow and the sun doesn't always shine when a lot of electricity 
is needed, you have to build NEW back-up gas power plants next to every wind-farm and 
next to every PV-park that fills-in when the wind isn't blowing (PV=Photo-Voltaic). 

However, these back-up gas power plants do not run 8000 hours a year, but mostly less than 
2000 hours a year 

Of course, the investment costs have to be divided by the few productive hours per year, and 
therefore these back-up gas power plants are approx. 4-times as expensive per kWh 
produced as base load power plants. 

These high kWh-costs of these back-up gas power plants are incurred ONLY by the wind 
and PV-power plants, which NEED the back-up gas power plants! 

However, the GREEN promoters of the ENERGY-TRANSITION do not assign these high 
kWh-costs of the back-up gas power plants to the wind and PV-power plants. This is of 
course wrong and nonsense. Of course the very high cost of these back-up gas power plants 
have to be assigned and attributed to the wind- and PV-power plants (PV=Photo-Voltaic). 

As already mentioned, the wind doesn't always blow and the sun doesn't always shine. 

In Germany and Austria, for example, wind turbines supply electricity to the grid for around 
2500 hours pa (around 25% of the 8760 annual hours), the sun around 10% (much more in 
summer than in winter). There is no summer-winter problem near the equator, since PV 
makes a lot more sense than in our latitudes. In Austria, the water supply from the 
run-of-river power plants is much better in spring (melting snow!) and summer than in winter. 

Since there is still no cost-effective storage of electrical energy for 6 months (energy-transfer 
summerwinter) on a scale of 30 TWh, the installed capacity of wind power plants would 
therefore have to be oversized by a factor of 4 (25%100%), PV systems would have to be 
oversized by a factor of 10 (10%100%)! I.e. the European taxpayers would have to digest 
the ten-fold costs for the investments in the renewables! This fact is NOT communicated by 
the GREEN promoters of the ENERGY-TRANSITION! 

The largest block of costs for renewable power plants is the depreciation (depreciation of 
investment costs). 
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If PV were expanded to such an extent that PV also contributes a substantial share to 
electricity generation in winter, Germany would “drown” windy in excess-electricity in windy 
summer weeks, because much more electricity is generated in summer and much less 
electricity is consumed (no heating with heat pumps, etc.) 
You would then need technologies to transfer gigantic amounts of electricity from summer to 
winter. One approach to this is to generate green hydrogen in the summer using electrolysis 
and store it for the winter, but this also has many disadvantages (relatively poor efficiency, 
etc., see e.g. §5.3) 

The production of GREEN HYDROGEN by means of electrolysis with poor efficiency is 
therefore not a prerequisite for the ENERGY TRANSITION, but a consequence and a 
necessary evil of the ENERGY TRANSITION! (see also §5.3) 

And all these systems (thousands of electrolysers, etc.) would cost a lot of money! 

This money is of course missing for other important investments in Germany! 

The ENERGY TRANSITION thus definitely will lead to a massive increase in the price 
of electricity from renewable wind and PV systems and massively fuel inflation  
- see “GREEN-FLATION”. 

Anyone who doesn't believe this just needs to look at gas and electricity price increases 
since 2021: Natural gas is up +342% in 2021 (see §3). This dramatic price increase in 2021 
has NOTHING to do with the Ukraine war. The price of electricity has also increased 
dramatically since 2021. This electricity price increase also has nothing to do with the 
Ukraine war: The EU does not import any electricity from Russia or Ukraine. The price 
increase is primarily due to the expansion of renewables. The politicians don't tell us this 
truth! The explosion of the cost of the ENERGY-TRANSITION is just beginning 
(GREEN-FLATION)! 

The ENERGY-TRANSITION (GREEN  DEAL) will therefore lead to substantial 
impoverishment of the whole population and a substantial loss of global 
competitiveness in those countries (like Germany) that believe that they have to go for 
a global lead in the ENERGY-TRANSITION! 

5.2 Electro-technical concerns against 100% renewable electricity 

According to many electrical engineers, every (industrial) country needs a certain proportion 
of so-called base load electric power generation, i.e. power generation that can produce 
electricity at any time, even when the wind isn't blowing and the sun isn't shining. 
Wind power and solar power (PV) have NO “base load capability”! 

Steam power plants (coal-fired, nuclear, and gas-fired) all have turbines with large, heavy 
rotors. With their high mass inertia, these heavy rotors stabilize the frequency in the power 
grid (this must always be regulated very precisely to 50 Hz). According to many electrical 
engineers, every power grid needs a certain proportion of large, heavy rotors to keep the grid 
frequency stable. 

5.3 Hydrogen: Some basic remarks about hydrogen 
"Hydrogen" is being praised more and more frequently in the German media as the "Energy 
source of the future" instead of fossil fuels. 

Hydrogen is often misinterpreted in the German Media as "Miraculous Energy Source of 
the Future” and is being praised more and more frequently as the substitute for fossil energy 
carriers: 
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However, free hydrogen does not occur in nature or in the earth's crust (coal, oil and natural 
gas, etc. do). Hydrogen as an energy carrier must therefore be produced with a gigantic use 
of energy (e.g. from the electrolysis of water). 

The efficiency of electrolysis is poor. In the case of multi-stage hydrogen-process chains 
(electrolysis, compression, synthesis of e-fuels) the overall efficiency typically is below 30%. 
70% of the energy used is lost! (Physically precisely: 70% of the exergy is converted into 
anergy) 

So hydrogen is not ENERGY-SOURCE for mankind, but hydrogen is a 
GIGSNTIC ENERGY-SINK! 

Hydrogen only makes sense if you have a lot of renewable surplus electricity that 
cannot be used elsewhere (with a better efficiency than 30%). Otherwise Hydrogen 
does not make anysense from an EXERGETIC viewpoint. 

Hydrogen is definitely not the magic bullet for the ENERGY-TRANSITION! 

Unfortunately, a lot of people, including politicians don't get that! 

Hydrogen also has a number of other negative features and properties: 

The hydrogen atom has the smallest atomic diameter of all elements and therefore 
(unfortunately) diffuses through almost all materials (e.g. materials of the hydrogen tanks). 
Therefore, hydrogen “disappears” from the tanks after several weeks or months. 
Hydrogen can therefore hardly be stored in the long term (this problem does not exist with 
natural gas or liquid gas). 

In addition, this diffusion of the hydrogen atoms in materials leads to the "disintegration" of 
the material. The hydrogen embrittlement of steels, for example, is very much a concern 
(please refer https://de.wikipedia.org/wiki/Hydrogen Verpr%C3%B6dung): 
When hydrogen diffuses into steel, it can, depending on pressure and temperature, split into 
atomic hydrogen (H) and molecular hydrogen (H2) (equilibrium), and later recombine and a 
high, intergranular pressure can build up (up to 1000 bar), which shatters the steel until it 
breaks. 

Another disadvantage of hydrogen is the following: 

Many proponents of hydrogen in the context of the ENERGY TRANSITION say that one of 
the great advantages of hydrogen is that it can be transported in the existing natural gas 
pipelines, i.e. no new pipeline infrastructure has to be built for hydrogen. 

Unfortunately this is wrong! 

Hydrogen can only be added to natural gas in small proportions (5%). The feed pressure in 
natural gas pipelines is typically 70 to 90 bar. Compressor stations (pressure boosting 
stations) are required at regular intervals (approx. every 100 km) to compensate for the loss 
of pressure due to the frictional flow. 

Technical 
specifications 

Calorific value per 
Nm3 

density  

natural gas about 10.0kWh/ 
Nm3

0.80kg/m3  

hydrogen about 3.0kWh/ 
Nm3

0.09kg/m3  
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The density of hydrogen is by a factor9 lower than the density of natural gas. 
The calorific value of hydrogen per Nm3 is only30% of the calorific value of natural gas. 
Therefore, at the same pressure and temperature and at the same flow rate (typically10 m/s 
for natural gas) for hydrogen only 30% of the amount of energy compared to natural gas 
can be transported in an existing gas pipeline. In order to transport the same amount of 
hydrogen energy in an existing gas pipeline, the pressure would have to be increased by a 
factor of 10/3300 bars. But the natural gas pipelines are not designed for 300 bars, the 
pipes can't withstand 300 bars. So if you were to pump hydrogen through the existing natural 
gas pipelines, the amount of energy transported would drop to 30%. 

Thus the existing natural gas pipelines CANNOT BE USED for Hydrogen (as some 
hydrogen promoters claim), but new, larger high pressure hydrogen pipelines would 
have to be built! 

6 Energy Consumption Germany 2019 / ENERGY TRANSITION 

Final energy consumption 
Germany 2019 (AGEB) 

source of energy 

absolutely in 
PETAJOULE (PJ) 

absolutely in 
TWh 

in % 

Renewable 696 193 7.7% 

natural gas 2185 607 24.3% 

Mineral Oil 3396 943 37.8% 

Electricity 1800 500 20.0% 

Coal and others 896 249 10.2% 

TOTAL 8973 2494 100.0% 

Table 1: Final energy consumption Germany 2019 (Source: AGEB) 
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6.1 Energy flow diagram Germany 2019 (source: AGEB) 

 

Figure 5: Energy flow diagram Germany 2019 (Source: AGEB) 

6.2 ENERGY TRANSITION versus POWER TRANSITION 

So far, however, the so-called German ENERGY TRANSITION has not really been an 
ENERGY TRANSITION, but an ELECTRIC POWER TRANSITION, only. 
However, electricity only makes up around 20% of the total German energy consumption, 
80% are fossil fuels (coal, oil, natural gas) for industry, process heat and heating, fossil fuels 
for mobility (cars, trucks, ships, airplanes) etc., see Figure 1 as well as Table 1Fehler! 
Verweisquelle konnte nicht gefunden werden.. 

6.3 Very large memory requirements due to the non-base load capable, 
renewable power generation (wind and PV) 

Since the wind does not always blow reliably and the sun does not always shine (in winter) 
when a lot of electricity is needed, a large proportion of renewable electricity that cannot be 
used as a base load would require very large electricity storage systems of around 30 TWh. 

On the subject of "ENERGY STORAGE" see also §9. 

6.3.1 Required memory size to bridge a windless winter week 

According to my estimate, to bridge a windless winter week in Germany, after shutting 
down all base-load capable power plants (coal, gas and nuclear power plants), approx. 
30 TWh of energy storage capacity would be needed. 

Estimation of the electricity storage requirement for bridging a windless winter week 
in Germany after all base load capable power plants have been shut down: 

In 2045 Germany will need - according to that GREEN DEAL and according to my estimates 
- approx. 1400 TWh +/- 25% of renewable electricity p.a. (see §6.9) need, depending on how 
the economy develops and how the de-carbonization of the chemical industry, the 
steel industry and the cement industry develops. 
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With the 1,400 TWh electricity requirement that I estimate to be realistic in 2045, this results 
in an electricity requirement of approx. 4.5 TWh on a winter day, and correspondingly less in 
summer. 

In my opinion, the assumption of about 7 days of calm is sufficient for estimating the required 
storage capacity to bridge a calm in winter. 

In order to bridge 7 windless days in winter, Germany would need approx. 7 x 4.5 
TWh/d = approx. 30 TWh storage capacity in my estimation in the year 2045 (range of 
fluctuation +/- 25%). 

6.3.2 Required memory size for the power transfer SUMMERWINTER 
Of course, the gigantic storage sizes required are completely different if you use VERY 
BIG ENERGY-wanted to transfer QUANTITIES from summer to winter!  
For power transfer SUMMERWINTER Germany would need gigantic storage 
facilities, at least several hundred TWh (at least 500 TWh)! 

6.4 The fundamental problem with PV in Central and Northern Europe is this: 
If you expand PV so massively that you also have a substantial proportion of PV electricity in 
winter, you “drown” in excess electricity on windy summer days!!! 

In summer you don't know what to do with the surplus electricity. And that's almost as 
problematic as a lack of electricity in winter. 

One approach for long-term storage would be to use large amounts of surplus PV electricity 
in summer GREEN HYDROGEN to be generated with electrolysis and stored for the winter, 
but hydrogen also has many disadvantages (see, inter alia, §5.3). 

And all these systems (thousands of electrolysers, etc.) would cost a lot of money! 

The German economy lacks this money for many other important investments! 

If Germany does not build these gigantic big and gigantic expensive ENERGY STORAGE 
CAPACITIES (TRANSFER SUMMERWINTER), there is nothing left for the grid operators 
but to feed the excess electricity into the grid in the summer at very low and sometimes even 
negative electricity exchange prices with very high financial losses. 

PV (Photo-Voltaic) makes a lot of sense near the equator and up to about 30° north or 30° 
south latitude. However, Germany is at about 50° north latitude and in winter, especially 
when a lot of energy is needed (heating, heat pumps), there is little yield from PV. 

6.5 German “transitional technology” gas power plants 

Since electrical power cannot be stored cheaply in the necessary, gigantic dimensions of at 
least 30 TWh, Germany´s ENERGY-TRANSITION / GREEN DEAL´s plan had been up to 
February 24, 2022 (start of war in Ukraine) to build gas power plants as 
"Transitional Technology" until 2050: 

Germany had planned to build around 40 large gas-fired power plants (partly as CHP) as so-
called "Transitional Technology". 

Germany obtained about 60% of its natural gas via pipelines from Russia until February 24, 
2022, Austria obtained about 80% of its natural gas via pipelines from Russia. 

February 24th, 2022 is a turning point insofar as Russia's President Putin attacked Ukraine 
on February 24th, 2022 and it is now completely open whether and how much natural gas 
the EU will and can get from Russia in the near future. In long term the EU has decided to 
STOP gas imports from Russia! 



 
 

Dipl. Ing. Bruno Lindorfer: LIMITATIONS of the ENERGY TRANSITION (“GREEN DEAL") in Germany and the EU  Side:14 

di.bruno.lindorfer@liwest.at 2022_02_Lindorfer_LIMITATIONS_OF_EUs_ENERGY_TRANSITION_EN_20.docx Rev. (SavDate).:27.05.2022 15:58 

I.e. the German GREEN DEAL Plan by 2050 with about 40 gas power plants as 
"Transitional technology" died on February 24th, 2022. 

Germany needs a new, completely different one ENERGY-TRANSITION / GREEN DEAL 
Plan. This also applies to many other EU countries such as Italy, Austria, Hungary, 
Poland etc. 

6.6 Drive out the devil with "Belzebub" (methane instead of coal) 

Gas power plants burn natural gas. 

Natural gas always consists of more than 95% Methane (CH4). 

The greenhouse effect of methane (GWP Greenhouse Warming Potential) is approx. 
25-times higher than that of CO2 and besides, the greenhouse effect of CO2 is already 
highly saturated due to the gigantic number of CO2 molecules in the atmosphere of 1.1x1022 

molecules of CO2, but the greenhouse effect of methane is not saturated. 

Any ADDITIONAL Methane molecule thus is more dangerous for ADDITIONAL global 
warming than any ADDITIONAL molecule of CO2. 

However, currently the amounts of anthropogenic emissions of CO2 are several orders of 
magnitude larger than those of methane. 

However, methane leaks occur in every gas-fired power plant. So if many gas-fired power 
plants are built in the future, methane emissions will also increase substantially. 

So when you switch from coal to gas power plants, you drive out the devil with Belzebub 
(Methane instead of CO2). 

6.7 ELECTRICITY TRANSITION - ENERGY TRANSITION - DECARBONIZATION in 
Germany / Demand for renewable electricity in Germany by 2050 

Former German Economics Minister Altmaier said up until around 2019 that electricity 
consumption in Germany was increasing as a result of the "GREEN DEALS' will not increase 
significantly until 2050. 

Only in the last year of his tenure (i.e. 2021) did Altmaier have to concede what experts have 
been saying for years, namely that electricity consumption in Germany as a result of the 
"GREEN DEALS“ will increase MASSIVELY until 2050! 

Electricity consumption in Germany was relatively stable in the period from 2008 to 2019 at 
around 600 TWh pa (terawatt hours) pa (= 600 x 10 to the power of 12 Wh) 

In the Corona year 2020, electric power consumption was slightly lower and amounted to 
approx. 550 TWh. Electricity generation in Germany is to be switched to 100% "renewable" 
by 2035 (or even earlier), of which approx. 65% comes from wind power, the rest (35%) from 
PV and other "renewables" (Germany has relatively few hours of sunshine). 

As of December 31, 2021, Germany has already shut down a number of nuclear power 
plants and has planned to shut down the last coal-fired power plant at the end of 2035 as 
part of the ENERGY TRANSITION. 

The traffic light coalition, which Germany has been in office since November 2021, intends to 
accelerate the phase-out of coal from 2035 to 2030. 

By 2035 at the latest, 100% of the electricity generated in Germany should come from 
renewables. 
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By 2050, however, the entire economy and industry as well as private energy 
consumers should DECARBONIZED", i.e. be "CLIMATE NEUTRAL"! 

This results in a large additional demand for renewable electricity, e.g. for the conversion of 
the entire German steel industry from the blast furnace route (coke) to renewable hydrogen, 
for the conversion of the entire German chemical industry to renewable hydrogen (according 
to information from the chemical industry, this transition will need approx. 600 TWh of 
ADDITIONAL renewable electricity). ADDITIONAL renewable electricity will also be needed 
for the conversion of all fossil heating systems to electric heat pumps with renewable 
electricity, e-mobility etc. 

6.8 Studies on the demand for renewable electricity up to 2035 / 2050 

There are numerous studies on the demand for renewable electricity in Germany in 
2035/2050. 
The forecasts by AGORA and the German Academy of Sciences are listed below as 
examples. AGORA forecasts a power requirement of approx. 620 TWh for 2050, the 
Academy of approx. 1000 TWh (see Table 2). 
In a rough estimate, I come up with significantly higher values of approx. 1400 TWh (+/- 
25%) in 2050, i.e. more than twice that of AGORA (unless the German economy collapses 
completely by 2050, which - thank God - will hopefully not happen). 
In my opinion, the numbers in many German studies are extremely optimistic, that is, they 
are presented in an embellished way. In particular, the needs of CO2-intensive industries, 
such as the steel industry, are massively underestimated in most studies. 
I consider the approx. 620 TWh forecast by AGORA for 2050 to be far too little. 
 

 

Table 2: Overview of study comparison, forecasts for 2050 Source: German Competence 
Center for Nature Conservation and Energy Transition (KNE) 
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6.9 Own, rough estimate of this demand for renewable electricity in Germany as 
a result of the GREEN DEALS in 2050 (or 2035): 

Demand for renewable electricity in Germany in 2050 
and 2035 (all values are rough estimates) 

By 2035 
Twh 

By 2050
Twh 

Additional power demand due to organic growth in conventional power 
consumption (approx. 600 TWh in 2021), e.g. due to a sharp rise in mobile 
computing, sharply rising power consumption in data centers. Organic growth 
assumed at around +1% pa by 2050 

+ 80 TWh + 190 TWh

Conversion of all combustion cars to e-cars with renewable electricity 
(approx. 50% of the stock by 2035) 

+ 50 TWh + 100 TWh

Conversion of all fossil heating systems to heat pumps with renewable 
electricity (approx. +200 TWh by 2050, of which 30% by 2035) 

+ 60 TWh + 210 TWh

Conversion of the German steel industry from coking coal to renewable 
hydrogen (approx. +110 TWh, of which 20% by 2035) 

+ 20 TWh + 120 TWh

Conversion of the chemical industry from fossil to renewable hydrogen 
(approx. +100 TWh, of which 20% by 2035) 
The chemical industry itself says it needs up to 600 TWh. The chemical industry needs a 
substantial part of the natural gas as material. Unlike in the steel industry, this part is not 
(immediately) burned to form CO2. I therefore assume that the pressure to switch to 
electrolysis of hydrogen will be lower in the chemical industry than in the steel industry and 
that the chemical industry will therefore need “only” 100 TWh for electrolysis of hydrogen by 
2050. However, if the legal regulations become stricter, this number can increase to 600 TWh 
by 2050. 

+ 20 TWh + 100 TWh

Conversion of the German cement industry and other CO2-intensive 
industries from fossil to renewable hydrogen coking coal to renewable 
electricity or hydrogen (approx. +80 TWh, of which 25% by 2035) 

+ 20 TWh + 80 TWh

Total ADDITIONAL electricity demand from 2022 +250 TWh + 800 TWh

power consumption so far. i.e. in 2021 600 TWh 600 TWh

Total electricity demand in Germany in 2035 850 TWh 1400 TWh

For the demand for renewable electricity in Germany in 2050, my rough estimates yield 
a total of approx. 1400 TWh p.a. (+/- 25%) renewable electricity, of which approx. 
900 TWh (65%) will have to come from wind power and approx. 500 TWh from PV and 
others renewables. 

These 1400 TWh p.a. would be 2.3 times the electricity consumption in Germany in 
2021 (approx. 600 TWh). 

Annotation: For more on the subject of hydrogen, see also chapter 5.3. 

I estimate the demand for the year 2035 to be around 850 TWh, although this 850 TWh must 
also be 100% renewable electricity, since the last coal-fired power plant in Germany is to be 
shut down in 2035 (possibly as early as 2030). 

These figures are subject to an estimated +/-25% uncertainty, particularly dependent on the 
situation and performance of the German economy: If the economy doing fine, the values will 
be higher; if the economy is weak and poor, the figures will be lower. 
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6.10 Strongly increasing power consumption due to rapidly increasing mobile 
computing and the sharply increasing power consumption of data centers 

According to a report in HANDELSBLATT (see Figure 6), mobile data streaming will 
EXPLODE by 2040 to approx. 2142 zetta bytes in 2035 (=2142x1021 bytes) and result in a 
gigantic increase in electric power consumption! 

 

Figure 6: Global data explosion from around 2030 
Source: HANDELSBLATT, May 16, 2019 

7 Wind Turbines / Basic Considerations 
Approximately 65% of renewable electricity generation in Germany should come from 
wind power in 2050, according to my estimate (§6.9) approx. 900 TWh of wind energy 
in 2050. 

Wind turbines only achieve around 2500 full-load hours per year at onshore locations, and up 
to 5000 full-load hours per year at strong offshore locations. 

What many wind power advocates do not (unfortunately) know about wind turbines: 

Wind turbines are EXTREME material guzzlers (see also §7.3) For example, they need more 
than 1000 times more steel than gas turbines per GWh of annual electricity generated. 

Wind turbines are also relatively repair-intense and maintenance-intense, much more than 
e.g. hydro turbines, and wind turbines are difficult to repair (you need a 200m high crane or 
heavy lift helicopter off-shore). 
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7.1 Technical data of very large wind turbines in the 5000 kW (= 5 MW) class: 
Rated capacity:  5,000kW 

Rotor diameter:  approx. 126.0 m 

Rotor hub height:  about 135 m 

Maximum wing tip height: about 200 m (For comparison: Cologne Cathedral is 157 m high). 

Rotor weight:   approx. 364.0 t 

Gondola weight:  approx. 348.0 t 

Tower weight up to 2000 tons of reinforced concrete and/or heavy plate steel, 
depending on the construction 

Foundation:   approx. 1500 tons of concrete 

Assuming an on-shore location and approx. 2500 full-load hours per year, a wind 
turbine in the 5000 kW class supplies 5000x10 to the power of 3 x 2500h = 12.5 GWh of 
electricity p.a. 

In my estimation (§6.9) in 2050 approx. 900 TWh (= 900,000 GWh) p.a. renewable 
wind-electricity is needed. 

Germany currently (2021) is generating around 300 TWh of renewable electricity, primarily 
wind power. 

However, the existing, old wind turbines are relatively small and uneconomical (they lack the 
"economy of scale"), and wind turbines also become technically obsolete after 
approx. 15 years. 

Therefore, in 2050 the old wind turbines (built before 2020) will hardly be in operation 
anymore, so the approx. 900 TWh (= 900,000 GWh) of wind power in 2050 must come from 
wind turbines newly built after 2021. 
 
7.2 Necessary Speed of new construction Wind turbines in Germany by 2050 

To achieve CLIMATE NEUTRALITY, Germany must build 900,000 GWh / 12.5 GWh = 
72,000 additional, new, large wind turbines in the 5000 kW class between 2022 and 
2050. 

That means the commissioning of 2571 new, large wind turbines in the 5 MW class per 
year, or 7 large wind turbines DAILY! every day until 2050! 

Approximately 450 new wind turbines went into operation in 2021Germany in operation. 

So if Germany continues to do the same with wind power as it did in 2021, it will take 
72,000 / 450 in Germany= 160 years! 

Germany would therefore have to increase the construction speed of large wind 
turbines in the 5 MW class by a factor of 6 compared to 2021!! 
 
From the point of view of many engineers this is impossible (impossible also in my 
opinion) and many engineers have been pointing this out to the politicians in 
Brussels, Berlin and Vienna etc. for many years. 
But politicians don't want to hear these physical and technical truths! 
However, these laws of physics cannot be circumvented or “tricked” by anything or 
anyone GREEN, not by Ursula von der Leyen, not by Robert Habeck and Annalena 
Baerbock, not by Greta Thunberg, not by Fridays for Future (FoF). 
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The ratios for the wind turbines and their gigantic material requirements for Germany, Europe 
and the world are (almost curiously) pretty much always in jumps of 10: 
 

Also required for 
de-carbonization: 

Additionally required 
for de-carbonization, 
new wind turbines (5 

MW) 

Additional copper 
required for this 

(approx.) 

Additional steel 
required for this 

(approx.) 

Additional concrete 
required for this 

(approx.) 

Germany about 70,000 1.4 million tons 43 million tons 108 million tons 

The EU 27 about 700,000 14 million tons 430 million tons 1080 million tons 

Global about 7,000,000 140 million tons 4300 million tons 10,800 million tons 

The barriers, which in my opinion make it impossible to increase the rate of expansion 
of new wind turbines in Germany by a factor of 6 compared to 2021 from 450 new wind 
turbines p.a. to approx. 2600 wind turbines p.a. every year until 2050, are on the one 
hand the gigantic amounts of materials (see §7.3) needed for these 72,000 wind 
turbines, and on the other hand a striking and increasing lack of qualified electricians. 

Both, the installation of wind turbines and the installation of photovoltaic systems require a 
large number of qualified electricians. 

An example: 

My small home country Austria has ambitious expansion targets for photovoltaic systems 
(PV) by 2030. 

Lt. According to the Upper Austrian ENERGIE AG, there is a lack of approx. 15,000 
qualified electricians for the high expansion targets for photovoltaic systems until 
2030 in Austria alone. There is a high probability that Austria will miss the expansion targets 
for PV systems, but not because of a lack of money, but because of a lack of qualified 
electricians. I don't know any specific figures for the lack of qualified electricians in Germany, 
but I suspect the problem is similar, which would mean Germany is lacking 
approx. 150,000 electricians for the installation of the huge number of necessary PV 
systems. 

7.3 Material bottleneck for the approx. 72,000 wind turbines to be built in 
Germany until 2050 

Due to the large number of large wind turbines to be built until 2050 (72,000 pieces), there 
are the well-known bottlenecks in rare elements such as rare earths, neodymium, 
dysprosium, etc. 

However, it is hardly considered that there will be also massive shortages even with 
bulk materials, such as copper, steel and concrete, due to the extremely large number of 
wind turbines needed until 2050. 



 
 

Dipl. Ing. Bruno Lindorfer: LIMITATIONS of the ENERGY TRANSITION (“GREEN DEAL") in Germany and the EU  Side:20 

di.bruno.lindorfer@liwest.at 2022_02_Lindorfer_LIMITATIONS_OF_EUs_ENERGY_TRANSITION_EN_20.docx Rev. (SavDate).:27.05.2022 15:58 

There are a number of serious studies that specify the materials required for a wind turbine 
per GW, e.g.: 

 IRENA: Critical Materials For The Energy Transition, 
https://irena.org/Technical-Papers/Critical-Materials-For-The-Energy-Transition 

 DLR: "Material requirements of power generation systems - Scenario path analysis 
for Germany", 
https://elib.dlr.de/98018/1/Materialbedarf%20von%20EnergieENERGENZUNGSSYSTEMEN.p
df  

 EUROPEAN COMMISSION: Raw materials demand for wind and solar PV 
technologies in the transition towards a de-carbonized energy system, 
https://publications.jrc.ec.europa.eu/repository/handle/JRC119941  

 

Table 2 below is from IRENA-Report "Critical Materials For The Energy Transition". 
Other studies give similar values per GW of electricity output. 

 

There are different constructions for the towers for wind turbines: 

 reinforced concrete rings 

 steel pipes out of plate steel 

 Mixed constructions made of reinforced concrete and heavy plate steel 

Depending on the tower-design the share heavy plate steel varies considerably (about 50%). 

For a large 5MW wind turbine, the rough estimate of steel and concrete requirements is as 
follows: 

Stole:  approx. 5 GW x 120 tons = 600 tons of steel, part of which is heavy plate 

Concrete: approx. 5 GW x 300 tons = 1500 tons of concrete 
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The following materials would be needed for the 72,000 new 5MW wind turbines to be built in 
Germany until 2050: 

Steel: 72,000 x 600 tons of steel = 43 million tons of steel (of which an estimated 
50%, i.e. around 20 million tons of thick sheet steel, so-called heavy plate) 

Concrete: 72,000 x 1500 tons of concrete = 108 million tons of concrete 

Germany is by far the largest producer of heavy plate steel, currently produces approx. 5.0 
million tons of heavy plate steel p.a.: 

20 million heavy plates / 5.0 = approx. 4 years!! 

This means that for the 108 million tons of heavy plate for the 72,000 new wind turbines to be 
built by 2050, the entire German heavy plate production of around 4 years would be required. 
No other customer would be able to get heavy plate in those 4 years. In my opinion, this is 
completely unrealistic! 

In the case of copper, rare earths (for electric generators), neodymium, dysprosium, 
etc., the problem of material shortages is even greater, and therefore, in my opinion, by 2050 
in the opinion of many engineers and also in my opinion un-doable! 

7.4 Import dependency of the EU for the critical materials for the systems for 
generating renewable electricity ("renewables") 

The bottle-neck for the large number of wind turbines needed until 2050 isn't the money, it's 
the gigantic amounts of copper, special-steel, rare earths, aluminum, concrete, etc., which 
would be needed for these wind turbines and PV systems, etc.! 

The bottleneck for all these materials (copper, nickel, aluminum, steel, rare earth metals, 
etc.) is getting worse and worse, so the world market prices for these materials have 
been exploding since the beginning of 2022. 

Europe has almost no raw materials of these critical materials itself and has to import 
everything for expensive foreign exchange. 

Import dependency of the EU using copper as an example: 
(in the case of rare earth metals, the import dependency is even worse). 

The largest copper producer GLOBAL by far is Chile with 5.8 million tons of copper p.a.! 
2nd place is Peru, 3rd place is China 
(see e.g. https://de.wikipedia.org/wiki/Kupfer/Tables_und_Graphics) 

There is very little copper production in Europe. Poland is the best EU-Country only in 14th 
place with only 0.4 million tons of copper pa 

 

None of the six largest copper producers worldwide are from the EU (as of 2018): 

 Freeport/McMoran: approx. 1,900,000 tons pa 

 Coldeco:   approx.1,700,000 tons pa 

 BHP Billiton:  approx.1,700,000 tons pa 

 Glencore:   approx.1,500,000 tons pa 

 Southern Copper:  about 900,000 tons per year 

 Antofagasta Minerals: approx.700,000 tons annually 
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7.5 CO2 emissions induced by the construction of the wind turbines 

Environmentally friendly steelworks with a blast furnace route emit a total of approx. 
1.5 tons of CO2 per ton of steel (most of the CO2 comes from the blast furnace). 

Environmentally friendly cement works emit a total of approx. 0.6 tons of CO2 per ton of 
cement. Approx. 0.25 tons of cement are required for each ton of concrete, so in total 
approx. 0.25x0.6= 0.15 tons of CO2 are produced per ton of concrete. 

A wind turbine of the 5MW class requires a total of approx. 600 tons of steel and 1500 tons 
of concrete. 

This results in 600x1.5 + 1500x0.15 = 1125 tons of CO2 per wind turbine. 

Germany must build 72,000 new wind turbines in the 5MW class by 2050: 

For their production, 72,000 x 1125 = 81,000,000 tons of CO2 
(= 81 million tons of CO2) will be emitted ADDITIONALLY!! 

8 World demand for materials for the renewable systems that will 
be required globally by 2050 (wind, PV, etc.) 

DI Dr. Hoeber from the MU-Leoben calculated that for global de-carbonization, to which 
most countries in the world committed themselves in the 1995 Paris Climate Agreement, 
around 7 million wind turbines in the 5000 kW class would have to be built worldwide, as well 
as a gigantic area of PV systems, etc., and Dr. Höber has published his computation in the 
Austrian journal PROFIL in May 2021 in the German language under the title: 
"Renewable energies: why the math doesn't add up" 
(seehttps://www.profil.at/wissenschaft/erneuerbare-energien-warum-die-rechnung-nicht-

aufgeht/401375021) 

According to DI .Dr. Höber the Material requirements for global de-carbonization 
exceeds the annual production of copper by a factor of 14.0, for steel by a factor of 3.9 
etc. see Table 3. 

 Material 
requirements by 
2050 

annual production multiple of the 
annual production 
is required 

copper 350 million tons 25.0 million tons 14.0 

aluminum 470 million tons 65.3 million tons 7.2 

stole 7.2 billion tons 1.87 billion tons 3.9 

concrete 12.5 billion tons 4.10 billion tons 3.0 

Table 3: Global material demand for copper, steel, etc. for global de-carbonization 

9 POWER STORAGE 
Non-base load, renewable power generation (wind, PV) requires gigantic power 
storage. 

Since the wind doesn't always blow and the sun doesn't always shine when a lot of electricity 
is needed in Germany, renewable electricity generation (wind, PV) requires gigantic 
electricity storage facilities. 
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Currently so-called hydro-pump-storage power plants are well-established storages and have 
a high cycle efficiency of approx. 75%. 

However, all hydro-pump-storage power plants in Germany just have a total capacity of 
approx. 40 GWh (as of 2010), the maximum output is around 7 GW. 

The hydro-pump-storage power plants currently can cover approx. 8% of the peak load of 
82.7 GW (2019) measured so far, only. Since power consumption will increase by a factor of 
about 2.5 til 2050 due to the ENERGY TRANSITION and hardly any new pumped storage 
power plants will be built because they represent a significant intervention in nature, against 
which more and more civil protests are forming, the German hydro-pump-storage power 
plants will only be able to cover approx. 3% of the required current peak load in 2050. 
So until 2050 (2030) Germany needs very large other storage technologies (hydrogen, large 
battery parks, etc.) 

With a capacity of approx. 40 GWh, all pumped storage power plants could run at full load for 
approx. 40 GWh / 7 GW = 5.7 hours, after which the all hydro storages in Germany are 
empty. 

The storages are therefore only suitable for short-term peak load coverage (day/night), but 
the storages are far too small to be able to bridge several days of darkness. The electricity 
generated in all German hydro-pump-storage power plants is only around 0.65% of all 
electricity generated. 

The full cost of storing electrical energy in a pumped storage power plant for one day is 3 to 5 
cents/kWh. The storage duration influences the costs: the longer the storage, the higher the 
costs, the shorter the storage, the lower the costs. 

9.1 Pumped storage power plant Goldisthal inThuringia 

By far the largest pumped storage power plant in Germany is Goldisthal in the western 
Thuringian Slate Mountains on the Schwarza River (in operation since 2004). 

Excerpt from vattenfall-"Advertising Brochure" to Goldisthal 
(https://powerplants.vattenfall.com/de/goldisthal/): 

The Goldisthal hydro power plant has an installed capacity of 1060 megawatts (MW). 

The upper reservoir has a capacity of 13 million cubic meters of working water, sufficient for 
approximately 9 hours of full-load turbine operation. 

From standstill to full power (1060 MW) the power plant needs about 100 seconds. This rapid 
availability makes it an important component of the energy transition, as it can react quickly 
to the strongly fluctuating supply of regenerative energies. Pumped storage plants are a 
guarantee for grid stability. 

With hydro-pump storage power plants based on the Goldisthal model cannot - unfortunately 
- bridge longer dark periods (longer than 9 hours), even if you had 100 of them (which would 
not be topologically possible in Germany due to the lack of high mountains). 
On the subject of "storage size required" see also §6.3.1 such as §6.3.2. 
 

10 “e-Mobility versus combustion engines” (De-carbonization of all 
cars) 

On the subject "e-Mobility versus combustion engines“ thousands of studies have been 
published since the year 2000. I'm not opening this "Pandora's box" here! 
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I have a separate presentation set of slides on the topic "e-Mobility versus combustion 
engines' with 60 slides. 

Below are some little-known points regarding e-Mobility: 

10.1 The share of e-cars in the global stock is still very small 
Even if the percentage of e-passenger cars in new registrations has been increasing for 5 
years, the share of e-cars in the global stock is still extremely low, less than 0.5% globally 
(2020) (see Table 4). 

Since the average age of all passenger cars in the world is more than 10 years, it also takes 
10 years and more for new registrations of e-cars to fully affect the number of passenger 
cars. 

Global stock of pure e-cars (so-called BEVs) on December 31, 2020.(without plugin-in 
HYBRIDs, because these have a combustion engine on board) in millions: 

China:  3.54 

Europe: 1.80 

USA:  1.10 

Row:  0.40 

----------------------------- 

Total: 6.84 millioneCars on December 31, 2020 

The global stock of cars on December 31, 2020 was around 1450 million. 

The share of e-cars in passenger cars GLOBAL was only around 0.47% on December 
31, 2020. 

Table 4: Share of e-cars in the GLOBAL car stock, December 31, 2020 

Regarding the registrations new passenger cars the share of pure e-cars ("BEVs") in 
2020 has been naturally higher, but varied greatly from state to state, e.g.: 

Norway: 45.0% 

Netherlands: 14.0% 

Germany: 2.0% 

China:  4.0% 

USA:  1.7% 

Table 5: Share of pure e-cars in new passenger car registrations, 2020 

The availability of raw materials in the large quantities required in the future (lithium, cobalt, 
rare earths, etc.) at an affordable price as well as the number of public charging stations and 
the SUPER CHARGER and their high power consumption are critical for e-cars. 
However, this only becomes critical above a certain percentage of e-cars in the global stock 
(I estimate at more than approx. 30% of the global stock. But with the current share of 0.47% 
in the global car stock, we are still very far away from this critical limit). 
In my opinion, this critical proportion will be reached around 2035 at the earliest (earlier in 
Norway, later in the RoW). 

The recycling problem of car batteries will become critical even later, only when a large 
number of e-cars are more than 10 years old, i.e. only from around 2040 onward. 
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10.2 Hardly known, critical "side effect" of the de-carbonization of all cars 
("e-mobility") 

Electrification i.e. de-carbonization of passenger cars not only means an increase in the 
consumption of renewable electricity, but also requires - what many are not aware of - the 
mining of gigantic amounts of lithium salts and metal ores (copper ores, cobalt ores, etc.) 

"A Li_ion battery for a typical higher power electric car (150 kW +) weighs about 500 kg and 
contains about 12 kg lithium, 30 kg nickel, 20 kg manganese, 15 kg cobalt, 100 kg copper, 
200 kg aluminum, steel and plastic. 

In order to produce such a Li-ion battery, 10 tons of salt must be processed for the lithium, 
15 tons of ore for cobalt, 2 tons of ore for nickel and 12 tons of ore copper. 
In total, about 200 tons of earth and ores have to be excavated for a single battery (Source: 
Bengt Karlsson in ÅBO Stories). 

Approximately 90 million new passenger cars p.a. are currently being manufactured around 
the world, and the trend is rising, especially in Asia. 

90 million x 200 tons = 18.0 billion tons of salt, rock and ores (= 18 trillion kg) that have 
to be dug up EVERY YEAR for the raw materials for the batteries for the e-cars. 

18.0 billion tons of rock is a gigantic mass and the giant excavators required to dig up 
it use a large amount of diesel and emit a large amount of CO2. 

10.3 The concept of the exchangeable battery is hardly known nor used in 
Europe 

A critical bottleneck from the customer's point of view of e-mobility is the extremely low 
energy density of the batteries compared to fuels, with the Li-ion batteries being the best. 

Even the most modern battery technology (high-performance lithium-ion battery) has 
an energy density that is approx. 65 times worse than e.g. B. Diesel fuel 
(Source:https://de.wikipedia.org/wiki/Energy-density) 

 

I.e. a lithium-ion high-performance battery whose energy content corresponds to 60 kg 
diesel (= 72 liters) weighs 3900 kg!(density diesel: 833 kg/m3) 

This low energy density leads to high battery weights (the TESLA S battery weighs 650 
kg), relatively short ranges and very long charging times (several hours). 
There are fast charging stations, but these have other major disadvantages, both for the 
utility companies and for the batteries (they get very hot during fast charging, reduced 
service life, etc.) In private homes SUPER CHARGING is not possible anyway, because the 
power connections and the medium-voltage transformers do not provide these high charging 
power of 300 kW and more. In fact, multiple fast-charging stations are only feasible right next 
to a high-voltage power line or right next to a nuclear power plant. 
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Some Chinese car companies (e.g. NIU) therefore rely on the concept with exchangeable 
batteries. The battery pack is attached to the bottom of the vehicle with a quick-change 
system and can be exchanged at the battery exchange stations, e.g. with handling robots, in 
100 seconds (i.e. just as fast as refueling a combustion engine). The empty battery can be 
charged slowly and gently in the battery changing station in periods of excess renewable 
electricity (e.g. at night etc.) 

I am convinced that if the e-mobility will become a mass technology eventually (90 million 
new cars are built each year worldwide!), then, if at all, only with such an interchangeable 
battery system. I don't understand why no European car manufacturer is developing and 
testing this, but only the Chinese. 
 

11 De-carbonization of the Steel Industry 

According to EU´s GREEN DEAL Europe and Germany shall be CLIMATE NEUTRAL no 
later than 2050! This also means, among other things, the de-carbonization of all CO2-
intensive industries until 2050 (steel industry, chemical industry, cement industry, etc.) 
Iron and steel production accounts for a quarter of all global industrial CO₂-emissions. 

Around 1,870 million tons of steel has been produced worldwide in 2020, around 57% in 
China and 7% in the EU. Of the 1,870 million tons of steel globally, around 1,300 million tons 
(65%) are made via the so-called INTEGRATED blast furnace route, in which the iron ore is 
reduced with coke, and which therefore generates very high CO2 emissions (at least 1.5 tons 
CO2 per ton of iron). The alternative route of steel production using scrap and an electric arc 
furnace emits significantly less CO2, but has other disadvantages. 

The conversion of CO2-intensive blast furnace route to reduction with renewable hydrogen is 
technically feasible, but requires extremely large quantities of GREEN HYDROGEN and 
thus extremely large amounts of renewable electricity per ton of crude steel. 

"Stoichiometrically" you need about 610 Nm3 or 55 kg of hydrogen to reduce oxidic iron ores 
per ton of crude steel (see e.g Fehler! Verweisquelle konnte nicht gefunden werden.of 
PRIMETALS). The reduction of iron ores with hydrogen is, however, unlike the reduction with 
coke ("blast furnace"), a strongly endothermic reaction. Therefore, because of the enthalpy 
balances, you need significantly more than the 610 Nm3 of hydrogen, de facto about 1000 
Nm3 or 86 kg of hydrogen per ton of crude steel are needed. 

To generate GREEN HYDROGEN with electrolysis approx. 50 kWh/kg H2 are needed. 
De facto, at least 4300 kWh of renewable electricity per ton of crude steel are needed. 

For the conversion of the global blast furnace production to GREEN HYDROGEN 
approx. 5600 TWh (= 5.6 PetaWatt-hours) of renewable electricity ae needed (The figure 
given in Figure 7 - worldwide approx. 700 GW electrolyser capacity needed – is approx. 
30% too low in my opinion!) These 5600 TWh renewable electricity needed for the 
conversion of the global blast furnace route is approx. 10-times higher than total electricity 
consumption of Germany in 2019. 

Annotation: For more on the subject of hydrogen, see also Chapter5.3. 
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Figure 7: De-carbonization of the Steel Industry.   Source: PRIMETALS 

Germany currently produces around 28 million tons of pig iron via the blast furnace route. 

Germany would need to switch from 28 million tons of pig iron to renewable hydrogen by 
2050 about 28x 4.3 = approx. 120 TWh ADDITIONAL renewable electricity. 

This extremely large amount of renewable electricity is therefore more than the amount of 
electricity that would be needed if all 60 million cars in Germany were switched to e-cars 
(needs approx. 100 TWh)! 

And of course these GREEN HYDROGEN based steel mills must run 24 hours x 365 days, 
not only, when the wind is blowing and the sun is shining! 

In the studies, AGORA gives significantly lower values for the de-carbonization of the 
steel industry (only about half). I think AGORA's statements are unrealistic. 
I think that when energy transition and technology experts - like AGORA - report 
unrealistically low consumption of renewable electricity for the conversion of energy-intensive 
industries, such as the steel industry, to politicians, then you are doing Germany a disservice 
as an industrial location, because these unrealistically low consumptions cannot be 
maintained. The rude awakening will then come at the "end of the day", i.e. 2050 at the 
latest! 

Question: Where, from 2050 onwards, will the gigantic amounts of renewable electricity, 
which an industrialized nation like Germany needs, come from, when the wind is not 
blowing? 

 

12 Global Outlook /INVERSE ROBIN HOOD POLICY the EU 

I rate the chance that by 2050 or earlier completely new CO2-free technical solutions 
for the energy problem of mankind will be found, as very low. 
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For example, there is huge research and development going on regarding nuclear fusion 
power generation since 1970, but after 50 years of R&D the technology is still a long way 
from being ready for the market. 

12.1 The GIGANTIC dimension of mankind's constantly growing energy 
consumption is the real problem 

By far the biggest driver for the sharp increase in world energy consumption since 
1945 is the explosion in world population: 

The world population has been about 900 million in 1800, about 6 billion in 2000, 
currently (2021) about 7.8 billion, and the forecast for 2100 is about 10 billion people. 

The problem is that the energy consumption of mankind is HUGE and continues to 
increase. (see e.g. https://de.wikipedia.org/wiki/Weltenergiebedarf) 

In 2019, the world primary energy demand 
at approx. 580 Exajoules (EJ)  (EXA = 10 to the power of 18) 

in other words  580000000000000000000 joules. 

 

These 580 Exajoules correspond to about 160 Petawatt hours. 
These 160 PWh correspond to the production of 

approx. 16.000 large nuclear power plants! 

12.2 More than 80% of the world energy consumption are currently fossil 
energies (coal, oil, natural gas) 

Only a small part of this world energy consumption is currently renewable, more than 
80% of this gigantic world-Energy consumption are fossil fuels (coal, oil, gas). 

From 1990 to 2008, the world energy demand increased by +39% and it keeps 
increasing (except in the pandemic year 2021). 

These fossil fuels emit very large and growing amounts of CO2 see Figure 8, Figure 9, 
Figure 10, and Figure 11. 

To put it very simply, one can say that the global consumption of primary energy has 
been increasing continuously since 1965, peak oil was in 1975, since 1975 the relative 
share of oil has been falling (but the absolute consumption of oil is still increasing!), 
the shares of coal, water and Nuclear energy in the increasing energy consumption 
have been more or less the same since 1975, the shares of renewables have been 
increasing globally since 2005, but they are increasing very slowly. 
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Figure 8: Global Share of Primary Energy, 1965-2035 
Source: 2017 ENERGY OUTLOOK 

 

 

Figure 9: Annual CO2 Emissions by World Region 1751-2015 
Source: https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions 
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Figure 10: CO2 emissions (absolute): 1959-2017 
Source: Atlas of Globalization 

 

 

Figure 11: CO2 emissions per capita: 1959-2017 
Source: Atlas of Globalization 
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The following countries have seen the highest increase in CO2 emissions in % from 2010 to 
2020 (see Figure 12). 

 India:    +40% 
 Turkey:   +34% 
 In China, CO2 emissions “only” increased by  +21%. 
 In Europe, CO2 emissions have fallen by  -25% 
 In the USA, CO2 emissions fell by  -19% 
 Global (world) CO2 emissions increased only slightly by +3%. 

 

 

 

 

 

Figure 12: CO2 emissions in selected countries and development of CO2 emissions G20 2010 to 2020 
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The highest absolute increases in CO2 emissions from 1990 to 2018 occurred in China, 
the highest percentage increases in India – see Figure 13. 

 

Figure 13: CO2 emissions 1990 and 2018     Source: Global Carbon Project 

12.3 Regardless of what the EU does, global CO2 emissions will continue to 
increase until 2050 

The EU wants to be a pioneer when it comes to CO2 reductions ("GREEN DEAL"), BUT: 

Regardless of whether the EU manages to become climate-neutral by 
2040/2050 or not, global CO2- emissions - in my opinion - will continue to rise 
massively until 2050: 

Approx. 2 billion of the 8 billion global population are destitute! 

These poor people currently have no electricity, no running water, no refrigerator, no car, etc. 

These approximately 2 billion destitute people (in developing and emerging 
countries) have completely different concerns than the CO2-concentration of 
the Earth's atmosphere! 

These 2 billion poor people also want electricity, refrigerators, cars, etc. from time to time. 
Then the CO2 emissions of these 2 billion people will increase massively. 

I am therefore deeply convinced that the global CO2-emissions definitively will 
increase massively until 2050! 

12.3.1 India 

In India, around 300 million people currently are destitute, they have no electricity, no 
drinking water, no refrigerator, etc. 
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In India the per capita CO2-emissions are increasing very strong: From 1.28 tons p.a. (2010) 
to 1.94 (2018), i.e. by +52% in just 8 years! 

Increase in CO2 India in absolute figures: 
From 2.12 billion tons of CO2 (2010) to 3.34 billion tons of CO2 (2018)  -  see 
https://de.wikipedia.org/wiki/Liste_der_L%C3%A4nder_nach_greenhouse gas emissions  

The Indian increase alone (+1218 million tons) is much larger than the total CO2-emissions 
from Germany! (In 2019 Germany's CO2-emissions amounted to approx. 800 million tons of 
CO2). 

SPIEGEL SCIENCE: The Indian government assumes that the per capita-CO2-emissions will 
almost triple until 2030  -  see e.g. https://www.spiegel.de/wissenschaft/natur/neue-schaetzung-indiens-co2-
ausstoss-steigt-rasant-a-646511.html  

12.3.2 Bangaladesh 

Bangaladesh currently has a per capita CO2-Emission of only 0.56 tons p.a. 
That is by a factor of 17 less than Germany, but will increase rapidly! 

Bangaladesh currently has 164 million inhabitants, however strongly growing! 

12.4 GREEN DEAL CO2 Policy of the EU: "INVERSE ROBIN HOOD POLICY" 

I designate the GREEN DEAL the EU (von der Leyen etc.) as INVERSE ROBIN HOOD 
POLICY (I read this term on the INTERNET and I like this term!) 

For example, the EU promotes €60,000 expensive, heavy TESLA electric cars as a third or 
fourth car in the garage of rich people with generous bonuses that even the small taxpayer of 
the EU has to pay. 

So EU´s GREEN DEAL car policy takes the money away from the poor and gives it to the 
rich for subsidies for TESLAs and 2.5 ton plug-in hybrid SUVs, each with more than 250 
horsepower! 

In my opinion, an extremely anti-social madness! 

Robin Hood did the reverse: 

He took money from the rich and gave it to the poor! 

Thus EU´s GREEN DEAL is an INVERSE ROBIN HOOD POLICY! 

Sooner or later the poor in Europe will get the hang of it and then there will be massive civil 
protests in Europe against the unsocial GREEN DEAL (see e-g- yellow vests in France)! 

13 What would I suggest if I had something to say about the huge 
ENERGY PROBLEM of Mankind? 

One has to differentiate between what measures and policies would be most 
important GLOBAL and what would be most important for the EU, namely Germany 

13.1.1 By far the biggest driver for the strong increase in the GLOBAL world-Energy 
consumption is the explosion of the world population. 

The most important lever for solving the ENERGIE-PROBLEMS of mankind is 
therefore a worldwide reduction in the birth rate, especially in those countries with a 
very high birth rate (Sub-Saharan Africa, several countries in Asia (e.g. Bangladesh, 
etc.) 
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If it is not possible to sustainably reduce the population explosion in countries 
with a very high birth rate, then, in my opinion, mankind's ENERGY PROBLEM 
cannot be solved. 

13.1.2 Energy efficiency and energy saving 

In second place, both globally and for the EU, is the topic of energy efficiency and 
energy saving. 

Many inefficient machines and processes are still in use around the world. A small 
example: One of the biggest power guzzlers in the home are tumble dryers. Heat 
pump dryers only use about 40% of the energy compared to cheap condenser dryers. 
However, many inefficient condenser dryers are still in use around the world. 

13.1.3 The expansion of renewable power generation is important, but in my 
opinion not 100% possible 

The following applies both globally and for the EU: 
Power generation with fossil fuels (approx. 55%), above all coal, is by far the most 
important source of CO2 emissions per million inhabitants. 
(This is only different in a few countries such as Norway or Austria (high share of 
hydropower) or France (high share of nuclear power).) 

In many countries around the world, however, the annual average share of 
renewables in power generation is still very low (less than 25%). So there is still great 
potential worldwide for the expansion of renewable electricity generation. 

Due to unchangeable, basic physical laws, the power generation and power 
consumption in every power grid must be exactly the same every second. 

The demand for electric power in Germany varies between approx. 40 GW (summer, 
at night) and approx. 80 GW (winter, during the day). The highest value so far has 
been measured in Germany on January 23, 2019 at 5 p.m. with 82.7 gigawatts. 

At least 40 GW is always required in Germany and it would therefore be desirable to 
cover this "base load" with inexpensive base load power plants. So far, this "base 
load" has been covered with nuclear power and coal-fired power plants. 

In order to cover peak-loads in the power grid, so-called peak load power plants have 
been used so far, which can be ramped up quickly if necessary. To date, these 
peak load power plants have primarily been gas-turbines and 
pump hydro storage power plants. This classic power grid logic with base load power 
plants and peak load power plants is now increasingly being disrupted by the 
renewables, which produce electric power in a non-controllable form (no one can turn 
up the wind if necessary!), i.e. "unplannable", renewables produce sometimes more, 
sometimes less electricity than needed. In my opinion, the term "unpredictable" or 
“un-controllable” would therefore fit much better for wind turbines and PV than the 
term "renewable". This unpredictability poses increasing challenges for the energy 
supply companies. 

I roughly estimate that at least 25% to 30% controllable power generation systems 
(with base load capability) are necessary for stable operation in any power grid. 
I am convinced as an engineer that electric power grids with 100% "unpredictable" 
and “un-controllable” power generation plants (wind and PV) cannot function. 
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For countries that already have a high proportion of non-controllable wind and PV 
power - such as Germany - one must be reluctant to increase wind and PV further, - 
because electricity unfortunately cannot be stored in a cheap way in large 30 TWh 
scale (The BLACKOUT risk would strongly increase, e.g. on wind-less winter days!) 
Germany is learning this lesson the hard way: Since electricity cannot be stored on a 
large scale, on sunny, windy days in Germany the number of days, on which German 
electric grid operators have to export their excess wind power with negative prices, 
increases, massively. But a lot of R&D is still needed on all these topics! 

13.1.4 Match consumption to power generation 

In the previous power supply logic, which was characterized by large, centralized 
base load power plants and centralized peak load power plants, electricity generation 
was always adapted to consumption, i.e. peak load power plants were gradually 
started up as consumption increased. 

The ENERGY TRANSITION is forcing a paradigm shift away from the adjustment of 
power generation to consumption towards the adjustment of consumption to 
generation. So-called SMART-METERs are very useful for this, which should 
therefore be implemented quickly across the board. With SMART-METERS the 
electric grid operators can switch on heavy electricity consumers in the households 
(e.g. washing machine, tumble dryer, etc.) remotely and only then if surplus 
renewable electricity is available. 

13.1.5 Heating / cooling / process heat 

In second place and with the highest growth rates in terms of CO2 emissions are 
heating / cooling / process heat. 

The power consumption that has increased the most globally in the last 20 years is 
the global power consumption for air conditioning. A very big lever is therefore 
energy-efficient construction of houses (passive house, zero-energy house, etc.). 

CO2 emissions from cars come far behind. For example, the CO2 emissions of all 
diesel cars in the world amounts to only around 4% of global CO2 emissions. 
Therefore, according to the concept of opportunity costs analysis, the focus on 
switching to e-cars with large sums of tax money is completely wrong! With the same 
high amount of taxpayers' money, you could save a lot more CO2 in building 
insulation, for example. One would always have to take a very close look at the 
leverage in terms of reducing CO2 emissions that can be achieved with one million 
euros in tax money support. Unfortunately, the funding policy hardly takes this CO2 
leverage effect into account, because then e-cars, for example, should hardly be 
funded at all. But the research institutes are also called upon here: There are hardly 
any useful studies / tables for this CO2 leverage effect of the various energy saving 
technologies. 

13.1.6 Nuclear power plants: 

In general I take a critical view on the construction of new nuclear power plants: 
Very long approval procedures, very high costs, unresolved final storage of nuclear 
waste. 

But prematurely shutting down existing nuclear power plants, which have 
already been paid for, as Germany is doing, is nonsense. 
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Germany should modernize the 6 most modern and powerful nuclear power plants 
and let them run until 2035. This would have given Germany 13 years to expand 
renewables, a grace period that Germany will urgently need anyway! 

13.1.7 Energy research 

I think energy research is very important, but not for e-cars, and not for wind turbines 
and not for PV, but above all for: 

 new, cost-effective energy storage technologies on a PWh scale 

 Commercialization of Fusion Reactors 

 Increase in energy efficiency in all energy applications  

13.1.8 Frequency stabilization 

Another big problem with PV-and wind power for the electric grid operators is that PV 
and wind power CANNOT contribute to frequency stabilization. For technical reasons, 
the frequency in the power grid must always be kept at exactly 50 Hz. 
The electric grid operators undertake increasing efforts to stabilize the frequency: 
Technically, frequency stabilization is ONLY possible with large, rotating masses, i.e. 
the rotors of the large steam power plants and nuclear power plants (the details would 
lead too far here). 

In countries with a high proportion of PV electricity, (partial) solar eclipses are also a 
major challenge for the power supply: 
In less than 20 seconds, the generation of electricity from the PV power plants 
collapses. Thank goodness the astronomers know this beforehand: The electric grid 
operators heat up all gas-fired power plants and all coal-fired power plants 60 minutes 
BEFORE a solar eclipse and turn the rotors passively at reduced speed so that they 
can be quickly connected to the grid at the beginning of the solar eclipse. 
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14 SUMMARY 

 Unfortunately, the energy policy of the EU and the world is largely made by 
people who do not understand the difference between energy (kWh) and 
physical power (kW) and the energy policy is correspondingly stupid. 

 As with all billion-euro investments in new technologies, it would be important 
to prioritize those technologies with the highest CO2 reduction per million 
euros. Unfortunately, politicians don't do that. There are studies that show, for 
example, that the heat insulation of buildings would result in a higher CO2 
reduction per million € investment than the expensive conversion to e-mobility. 

 If it is not possible to sustainably reduce the population explosion in countries 
with a very high birth rate (e.g. Africa, Bangaladesh, etc.), then, in my opinion, 
mankind's ENERGY PROBLEM cannot be solved. 

 Energy efficiency and energy saving would also be very important: 
Because if, for example, Africa and Bangaladesh etc. had the same high per 
capita energy consumption as the EU 27 (or even like the USA), the world 
energy supply would collapse. So there will be no way around “tightening the 
energy belt” for EVERYONE, but that is unpopular and energy saving has no 
industry lobby in Brussels. 

 The German way (ENERGIE-TRANSITION, GREEN DEAL), to rely 100% on wind 
energy and PV, is in our geographical latitudes with strong differences between 
summer (massive surplus after full expansion of renewables) and winter, a big 
mistake (in the Sahara this could work!) 

 Contrary to the opinion of many technical laymen and also contrary to 
information from the media, HYDROGEN is not an ENERGY SOURCE, but a 
tremendous ENERGY SINK! (please refer §5.3) 

 Contrary to the opinion of many technical laypeople, natural gas pipelines 
cannot be used to transport HYDROGEN. HYDROGEN is several disadvantages 
(see e.g. §5.3) 

 Every industrialized country needs a certain proportion (approx. 20% to 30% 
plus/minus) of base load capable power generation (i.e. highly controllable, 
even when the sun is not shining and the wind is not blowing), as long as there 
is no cost-effective energy storage on a 30 petawatt hour scale. The Germans 
already pay a high price for your energy policy: Germany has the highest 
electricity prices in the WORLD! 

 Electricity (unfortunately) has the negative property that in every power grid 
just as much electricity has to be generated every second as is consumed (this 
is not the case with oil tanks or petrol tanks). A very fast rollout of remotely 
controllable SMART-meters could at least partially alleviate this problem, 
because then heavy consumers such as washing machines and tumble dryers 
could be started remotely by the grid operator when excess electricity is 
available. 

 In my opinion, Germany cannot and will not achieve the planned 
ENERGY TRANSITION by 2050. Germany would have to generate around 1400 
TWh of renewable electricity in 2050, around 900 TWh of which would come 
from wind power p.a. 
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In order to generate 900 TWh from wind power, around 72,000 large wind 
turbines in the 5000 kW class must be newly built in the next 28 years up to 
2050, that is 2571 wind turbines per year up to 2050. 

Approximately 450 new wind turbines went into operation in 2021Germany in 
operation. 

So if Germany continues to do the same with wind power as it did in 2021, 
achieving this goal would take 72,000 / 450 = 160 years in Germany!  

Germany would therefore have to increase the construction speed of large wind 
turbines in the 5 MW class by a factor of 6 compared to 2021!!From my point of 
view as an engineer, this is impossible! 

 Two barriers that make it impossible to build the astronomically high number of 
around 7 million wind turbines required for the global energy transition are on 
the one hand the gigantic materials required for these 7 million wind turbines to 
be built by 2050 and on the other hand a blatant lack of qualified electricians. 

DI.Dr. Höber from the MU-Leoben, Austria, calculated in his article PROFIL in 
May 2021(https://www.profil.at/wissenschaft/erneuerbare-energien-warum-die-rechnung-nicht-aufgeht/401375021), 
that for the copper for the wind turbines needed worldwide to achieve the Paris 
Climate Agreement, the copper-world production volume of 14 years would be 
needed. The material shortage is similarly dramatic for steel and heavy plate, 
neodymium and rare earths. 

Both for the assembly of wind turbines and for the assembly of photovoltaic 
systems a very high number of qualified engineers and electricians, many more 
than are available in the EU, are needed, and the number of electricians in the 
EU will shrink in the next 30 years up to 2050, due to the demographic change! 

 The GREEN DEAL of the EU, which takes the money away from the small 
taxpayers and gives it to the rich as a subsidy for their heavy e-SUV with 2500 
kg and 300 hp, is extremely anti-social and thus I call this an "INVERSE 
ROBIN HOOD“ Policy of the EU). 

15 What really will happen! 
I estimate that the big "awakening" will come in the EU around 2030. 

Addition on March 19, 2022: The big awakening in the EU came on February 24th, 
2022, because that was when Russian President Putin invaded Ukraine - see also 
chapter 6.5. 

Many countries, including Germany, will have to admit that their CO2 emissions are 
significantly higher than the "Fit for 55" path. 

Germany is currently building fewer wind turbines by a factor of 6 p.a. than would be 
necessary for the "Fit for 55" path (see §7.2and §7.3). So the “bow wave” of problems that 
Germany is piling-up, is getting bigger and bigger every year. 

Even France will not be able to keep the CO2-targets. President Macron announced in 
February 2022 that France has the plan to build 14 new nuclear power plants. However the 
planning and approvals for this process would take 10 years in the best case, and the 
construction another 5-7 years. These 14 new nuclear power plants could go on-line in the 
best case in 2040, but never ever before 2035. 



 
 

Dipl. Ing. Bruno Lindorfer: LIMITATIONS of the ENERGY TRANSITION (“GREEN DEAL") in Germany and the EU  Side:39 

di.bruno.lindorfer@liwest.at 2022_02_Lindorfer_LIMITATIONS_OF_EUs_ENERGY_TRANSITION_EN_20.docx Rev. (SavDate).:27.05.2022 15:58 

Politicians cannot afford additional massive increase in energy prices in the long term: 
This could be seen in France in 2019, when pressure from the streets 
(“YELLOW JACKETS”) forced Macron to withdraw a comparatively ridiculously small 
increase in the price of diesel by just 7 cents. 

Germany and the EU will therefore need a lot of cheap, base-load electricity in 2030 and the 
following years. 

For the time being, there is only a lot of relatively cheap, base load-capable electricity 
available with massively longer use of already written-off nuclear power plants and 
coal-fired power plants. The range of coal (lignite) worldwide is 339 years (see Fehler! 
Verweisquelle konnte nicht gefunden werden.). I.e. coal does not run out quickly! 

And I am convinced that will happen whether Ursula von der Leyen or Greta Thunberg 
or Fridays for Future (FoF) do like this or not, because otherwise the Germans will 
probably freeze in dark windless winter weeks from 2023 onward! 
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