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The European energy system crisis
The European electricity grid is a modern miracle. It is 
the largest synchronous electrical grid (by connected 
power) in the world. It interconnects 520 million end 
consumers in 32 countries, including several that are not 
European Union members, such as Morocco and Turkey. 
In 2019, total net electricity consumption across the con-
tinental grid was 2,635 terawatt-hours (TWh). If you add 
the countries that are not synchronous but are connect-
ed – Great Britain, Ireland, the Nordic and Baltic states 
– the total rises to more than 3,300 TWh. This is a great 
deal of electricity.

The grid is built on physics, not ideology. For exam-
ple, one physical law says that the generation of alter-
nating current that flows through the grid must match 
consumption (‘load’, in the jargon) at all times – that is, 
for 525,960 minutes per year – because electricity large-
ly cannot be stored. This simple fact is critical for under-
standing the problem that faces us.

In order to ensure that supply meets demand across 
Europe, electrical load is constantly being forecast, in 
blocks as short 15 minutes long, and thousands of gen-
erators bid to meet that demand. The network frequen-
cy is the key measure of the health of the grid. Measured 
locally, but of supra-regional significance, it is the first in-
dicator of an imbalance between supply and demand. It 
must be kept within very narrow bounds; a failure to do 
so would lead to damage to infrastructure or even the 
complete shutdown of the system. 

Frequency deviations – incidents – happen for many 
reasons, but have become more common as the share 
of wind and solar on the grid has increased. Renewables 
are not dispatchable – their output cannot be increased 
minute to minute to meet a shortage of supply – so from 
a grid perspective they are unreliable. The impact of their 
widespread deployment is clear from the fact that fre-
quency incidents have increased from 33 hours in 2020 
to over 52 hours in 2021, an increase of more than 50% in 
just one year. In 2021 alone, the European Grid had two 
major (’Scale 2‘) incidents, for which final explanatory re-
ports had to be prepared by an expert panel at the grid 
operator, Entso-e. 

The underlying issue is that the European grid is in-
creasingly unable to supply enough power to meet de-
mand. Figure 1 shows the problem: most countries are 
net electricity importers, relying on France and Germany, 
and to a lesser extent the Czech Republic, to make ends 
meet. In other words, most European countries have not 
taken responsibility for their own energy security.
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A few countries are particularly problematic.
•	 Italy is by far the worst offender, having closed its nuclear power stations in the 1990s, building 

only a few onshore windfarms and none offshore at all, and therefore now having an almost 
complete reliance on natural gas, for which it has failed to secure reliable supply. 

•	 Austria has a mix of hydro and natural gas, but relies on Germany to balance the books. It ap-
pears to have escaped the notice of the country’s leaders that Germany has been engaged on 
the Energiewende – a shift to renewables and away from nuclear power and fossil fuels – for the 
last 20 years.

•	 Hungary relies on Russian supplies of natural gas to fuel its electricity grid.
•	 Slovakia and Finland have at least managed to bring some new nuclear power onstream, but it 

has been hard and expensive and the process is yet to be completed. 
•	 The Dutch rely on natural gas, and are sitting on the massive Groningen gas field, but have 

decided to phase out production there, leaving themselves at the mercy of international LNG 
markets.

Figure 1: Net electricity imports and exports for selected countries
The analysis covers 18 selected countries. The key ones are highlighted.
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Overall, the European continental grid, once a major export-
er of power, now relies on imports from Norway, Sweden and the 
United Kingdom to keep things running. At the moment, this 
situation is barely manageable, but there are four major short-
term issues, and one gigantic structural long-term problem, that 
should alarm policymakers across the continent. The short-term 
issues are as follows.

French nuclear
France, as the European leader in nuclear power, should be able 
to deliver 450 TWh per year. However, corrosion issues have 
caused its fleet’s output to decline alarmingly; it may be as low as 
315 TWh in 2022, or just 59% of capacity, according to guidance 
issued by EDF, the nationalised utility responsible for operations. 
Even delivering this figure may prove difficult, as EDF has a his-
tory of overpromising and underdelivering.

As a result, France has recently become a net importer of 
power for the first time in decades and electricity prices have 
soared. Output in EDF’s reactors in the UK and Belgium have also 
declined sharply.

German nuclear
EDF’s nuclear power stations are badly maintained, but that is 
not true of Germany, where the fleet has long operated at well 
over 90% of capacity. Germany is also theoretically secure in its 
supply of uranium fuel (although not in practice), and of course 
nuclear power is both zero-carbon and extraordinarily safe. Nev-
ertheless, in 2011, when Angela Merkel‘s CDU party was under 
pressure to form a coalition, she took the decision to phase out 
all of Germany’s nuclear plants, eliminating 25% of its electricity 
output. With the closure of its last four nuclear plants due in De-
cember 2022 (representing output of 32 TWh), Germany is likely 
to turn into another net importer of electricity, having long been 
one of Europe's largest exporters. This will have serious conse-
quences for all the countries that currently rely on its exports to 
meet a large part of their electricity demand, in particularly Italy, 
Austria and Luxembourg. 

There is an expectation that Germany will replace nuclear 
with mothballed coal-fired power stations, but it remains unclear 
how many units can be brought back into operation; Reuters has 
reported that most are too old to be reactivated. Some power 
station operators have reported difficulties in obtaining the nec-
essary coal supplies, which would normally come from Russia, 
and others have declared that the current high coal prices would 
put an impossible strain on their cash flows. That leaves Germa-
ny, and as a result much of Europe, reliant on gas, which is now in 
very short supply.

Norwegian hydro
With almost every constituent country an importer, and with 
most of the rest soon to be so, Europe is looking to hydro power 
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from Norway and Sweden to plug the supply gap. However, a 
lack of snowfall last winter has left reservoir levels so low that the 
Norwegian government has considered limiting exports. If they 
do so, then the European grid will be unable to meet demand.

Ukraine
In March, in the wake of the Russian invasion, the European and 
Ukrainian grids were synchronised. This measure provided im-
portant support for the Ukrainian system, but introduced further 
risks for European energy security.

‘Fit for 55‘ laws and decarbonising the grid
The major strategic issue that threatens the grid is that a hand-
ful of people in positions of power have committed us to a dra-
matic reduction of our carbon dioxide emissions. The European 
Commission has transformed these commitments into a legal re-
quirement to reduce emissions by 55% from 1990 levels before 
2030 – the so-called 'Fit for 55' laws. The scale of change to soci-
ety that this implies is hard to comprehend. 

Can such laws ‘save’ the planet from global warming? I have 
my doubts. Global carbon dioxide emissions will be determined 
by economic growth – particularly in Asian countries – and by 
population increases, particularly in Africa; from 219 million to a 
predicted 600 million in Nigeria alone by 2050, for example. So 
even if Germany or even all of Europe were to de-industrialise 
overnight – and I mean 100% de-industrialise – global CO2 emis-
sions would not even be dented. China alone will add 33 GW of 
new coal-fired plants to the grid by 2023; it needs more electric-
ity as a matter of urgency.

In fact, there is every chance that European emissions will 
increase rather than decrease. Nuclear fleets across the continent 
are ageing, and if they are not replaced, the grid will lose another 
20 GW of supply by 2030. But if it takes 15 years to replace an 
aging nuclear power station, we are too late already. Worse, by 
2040, another 70 GW will have been retired. Replacing all this ca-
pacity with wind power is impossible; 18 GW of nuclear power 
equates on average to 3,146 15-GW offshore turbines. Solar is 
worse – in northern Europe, it is little more than a waste of pre-
cious mineral resources. Delivering a building programme on the 
scale required, and in the seven years remaining before the dead-
line, is an engineering and financial impossibility.

Electricity was never only about energy, and always about 
timing and location too. So the problems with renewables go 
deeper. Even if all of the short-term problems set out above were 
magically fixed, the shift to renewables would still require:

•	 a doubling of the size of the grid infrastructure, a task that 
would take decades (because nobody wants to live near a 
high-voltage transmission line).
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•	 grid-scale chemical storage for when the wind isn’t blowing. 

Frequency stability dictates that renewables must be ac-
companied by storage, so that power can be dispatched if and 
when operators need it to match peak loads. Recall that failure 
to do this minute by minute will cause damage to infrastructure, 
and possibly blackouts. Germany used to be able to deal with 
peak loads on its own account, but it now relies on (rapidly de-
clining) imports of French nuclear power. Where it will go in fu-
ture remains entirely unclear. Will other European countries, al-
ready short of power, build capacity to help Germany? It seems 
unlikely.

At current levels of electricity demand, and once Germany 
has abandoned its coal plants as required by law, it will need at 
least 15 TWh of storage to manage what is known as Dunkelflaut-
en – prolonged periods of little to no wind or solar, typically oc-
curring in the winter months and that we see from time to time. 
As its economy becomes further electrified, that storage require-
ment will increase over-proportionally. 

However, at time of writing, it only has a few megawatts. To 
emphasise the point, the amount of grid-scale storage would 
need to be two orders of magnitude higher. According to the 
European Commission, the EU would need 550 GW of storage to 
decarbonise the grid, although its rather generous capacity fac-
tors suggest a still higher figure would be needed in reality. These 
numbers and the timescale proposed are, respectively, very large 
and completely unrealistic.

The list of possible storage technologies is long, but the re-
ality is sobering. There is 53 GW of electricity storage in Europe, 
95% of which is pumped storage, mostly in the Alps. Pumped 
storage is a tried and tested approach, but would be hard to 
expand, because suitable sites are few and far between, and it 
would take many years to do so, because people object to flood-
ing mountain valleys. The Nant de Drance pumped hydro sta-
tion in Switzerland cost CHF2 billion (£1.8 bn) and might deliver 
1 TWh of power per year. Europe needs the equivalent of 1200 of 
these units to deliver a renewables grid, so the total cost would 
run into trillions. Moreover, pumped storage is what is known as 
mechanical storage that cannot release energy on the very short 
timescales required for frequency stabilisation. For that, chemi-
cal batteries will be required.

There are just over 4 GW of grid-scale batteries worldwide. 
The Tesla Gigafactory (once completed) will produce enough 
batteries each year to store 30 GWh of electricity. This is a lot, 
but Europe consumes 3,300,000 GWh of electricity every year, so 
each Gigafactory would deliver only a few minutes of electricity 
storage. 

If a combination of renewables can’t help us, can other tech-
nologies bail us out? Possibly: Bill Gates speaks of ‘energy mira-
cles’, and he throws money at countless ‘crazy ideas’ that might 
deliver breakthrough technologies in fields from storage, fission, 



6

fusion and hydrogen to thermal. You name it, he is involved in it. 
And we need all of it. But none of this will be ready this decade, 
and possible not even next decade. It will not help us with the 
crisis that is almost upon us. 

In other words, we have a dilemma that needs addressing 
by policymakers as a matter of urgency. They have claimed to be 
decarbonising economies, while in reality, the consumption of 
hydrocarbons around the world is rising, and Europe is not even 
close to eliminating them. Meanwhile, the hydrocarbon industry 
needs US$300 billion of re-investment every year just to maintain 
current production levels. However, convinced by policymakers 
that investments in production will become ‘stranded’, it is not 
even investing half this amount. The implications for energy 
prices will become ever more dramatic. European politicians like 
to blame Mr Putin for high energy prices, but that is only partly 
true. Constricting production of fossil fuels and replacing reliable 
sources of electricity with intermittent ones is also to blame, and 
would eventually have brought the continent to the brink of dis-
aster even without the Russian invasion.

In summary, Europe will not deliver on its climate targets. 
The energy transition is an order of magnitude more complex 
than can be delivered. This must simply be accepted. Those who 
put a crash programme of decarbonisation into our laws, based 
on false claims about what could be achieved using wind and so-
lar, and by when, have brought us to a dangerous juncture. Were 
they bad people? Of course not. But the road to hell is paved with 
good intentions.
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