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Introduction
It was a surprising statement for an important summit: in Schloss Elmau, Bavaria at the beginning of June 

2015, the G7 heads of state and government announced the global withdrawal from the carbon economy. As 

the century progresses, the world must learn to do without lignite, coal, oil and natural gas completely.

In truth this aim is not only urgently needed in order to stem the dangers of climate change, but also 

achievable. The energy transition has become a massive global force, expansion of renewables is making 

progress worldwide faster than even the optimists believed a few years ago.

This report provides wide-ranging evidence that the global conversion of the energy system has started and 

is currently accelerating rapidly. It shows that renewable energies – and solar energy in particular – have 

undergone an unparalleled development: from a niche technology rejected as being too expensive to a global 

competitor for fossil and nuclear power plants.

The end of the fossil-nuclear era has in fact already begun. Public investors such as the Norwegian pension 

fund, insurance companies such as AXA, the Church of England and even the Rockefeller Foundation are 

withdrawing their money from companies which mine coal, sell oil or transport gas.

And the transformation of the energy sector has long since spread beyond the confines of Germany. 

Numerous other EU states and countries such as the USA and China have followed the „German energy 

transition“ example. All over the world a veritable race is now in progress. Germany needs to take care that in 

future it is not left behind.

The approaches vary from country to country. In Germany as everywhere the details of the energy transition 

still raise a great many questions, however the major trends are clear. This report follows up these global 

megatrends. Some findings have been surprising and inspiring. We hope that this report will inspire and 

motivate you as much as it does us.

Heiko von Tschischwitz    Eberhard Brandes 

Founder and CEO of LichtBlick    CEO WWF Germany



Summary
Beginning with the German energy transition, the following report takes a close look at current developments 

in the energy industry beyond the borders of Germany. The result: Germany has not been alone in pursuing 

the goals of the energy transition for some time. On the contrary, our country is now part of a global move-

ment which, under pressure from the reality of climate change, the meltdowns at Harrisburg (1978), at 

Chernobyl (1986) and Fukushima (2011) as well as regional environmental devastation caused by the current 

prevailing energy system, is trying to get past the fossil-nuclear age and establish a low-risk energy system. 

The transformation offers enormous opportunities for those who are pioneering the development. For this 

reason and in view of certain signs of fatigue in pursuing their energy and climate policies, Germany and 

Europe need to be careful not to fall behind the dynamic of the global energy transition.  

Five megatrends can be identified on a global scale: 

1. The end of the fossil era has begun 
The successful global progress of renewable energies, the signal sent by the G7 states from Schloss Elmau in 

June 2015, the discussion started after the climate protection pledge in the USA and China on an effective 

global climate regime plus the decreasing use of coal in China and the USA and a spectacular drop in the price 

of oil since 2014 all lead to the question of whether the beginning of the end of the fossil age has already begun. 

Besides the reality of climate change, the drivers of this development are the increasingly volatile energy prices, 

particularly the above-mentioned drop in the price of oil, and a growing global awareness of the health effects  

of fossil energy generation, leading to growing regional protests. 

2. The energy future has already begun
The energy transition is a global reality. Photovoltaics and wind energy in particular have developed within  

a few years into new key energies for the 21st century. In 2013 more renewable energy power plants in terms 

of power generation capacity were set up worldwide than coal, gas and nuclear power plants put together. In 

terms of investment, the renewables sector is now significantly ahead of traditional energy technologies. 

3. The energy future is renewable
The global progress of renewable energies is primarily a result of the almost unbelievable success in reducing 

the costs. Wind energy plants on land are still the most cost-effective technology for renewable power 

generation. But in Germany the costs for solar power have dropped by 80 per cent since 2005. Increasing 

numbers of economy and financial experts are basing their analyses on photovoltaics now becoming the most 

cost-effective technology for electricity generation in ever more regions of the world. Electricity from the sun 

and wind will expand its triumphal progress beyond the power sector into the areas of mobility and heating. 
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4. The energy future is decentralised
Energy generation from wind and sun but also from other renewable energy sources is decentralised. Instead 

of a few large power plants, in the energy system of the future millions of small plants will generate energy. 

Many of the stakeholders involved are both producers and consumers of power (prosumers). However, this 

does not mean that only small power plants will be left. The large systems and plants based on wind and solar 

power will probably retain their position in the new energy system. But in many poorer regions of the world 

which have an abundant supply of sun and wind, members of the public as prosumers could benefit long-term 

from decentralised renewable energy systems. 

5. The energy future is digital
energy system of the future characterised by volatile wind and solar renewable energies. The IT and energy 

sectors are growing together. Only a combination of both will be able to reliably match the energy supply 

and demand at all times. The rapid cost degression in the storage technology, particularly for small and large 

battery banks, opens up the possibility of reliable energy supply at any time, finally even with a 100 per cent 

transfer to renewable energies.

Megatrends in the global energy transition · 5



Germany 
has done  

the energy 
transition

a great service
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• The energy transition in Germany is a whole-society project 
whose aims are shared by a vast majority of the population 

• Germany has helped to mould the global development  
and now needs to be careful not to change from pioneer to 
latecomer

 

The energy transition in Germany is making progress. Hundreds of thousands of people are committed to its 

aims.1 A vast majority of the population supports the transformation of the energy system. However, there is 

still disagreement as argued in the media i.e. the public opinion that is portrayed there. The argument centres 

on the How, on the precise form the energy transition will take, but rarely now on the If.

Germany and the Germans can justifiably be proud of having put the energy transition on the agenda not 

only in their own country. The fact that one of the most successful industrial nations has decided to give up 

using nuclear power, to get control of the unchecked combustion of coal, oil and natural gas and to usher in 

the era of energy efficiency and renewable energies arouses great interest all over the world. And that is not 

all: regulatory instruments and technologies for the energy transition conceived here in Germany are copied, 

adapted and developed further by other countries.

The aim of the energy transition generation project is a future-proof energy system free of nuclear disasters 

and the limitation of climate change to a global temperature increase of a maximum average of two degrees 

Celsius compared to the pre-industrial level.

Undeniably, a relatively small country in terms of area and population like Germany can only make a limited 

contribution to global hazard control in purely quantitative terms. Only two per cent of the nuclear reactors 

operating throughout the world are located in Germany (in numbers: 8 of 438)2. And Germany’s greenhouse 

gas emissions contribute 2.25 per cent to global climate change.3 This trend has also been falling for many 

years. In other words, if it is only Germany which closes its nuclear power plants by the end of 2022 as 

planned and reduces national greenhouse gas emissions by 80 to 95 per cent by 2050, this alone will not save 

the planet. From the start, the German energy transition has always been a demonstration of political and 

economic feasibility. It demonstrates the feasibility of the transition to a sustainable energy system in a highly 

industrialised country. The message is: this country is getting ready for the future and its society and economy 

are profiting as a result.

What is more, the “German energy transition” is turning into a successful export in increasing numbers of 

countries and regions of the world. The days are numbered when opponents of the energy transition could 

speak of a “German Sonderweg” in relation to the rest of the world. The fourth largest industrial nation has 

not been alone on this path for quite some time. All over the world influential and less influential nations have 

set out on their own energy transition. These include what are nowadays seen as the key countries China and 

the USA, alone currently responsible for half of the greenhouses gases emitted in the world4. 

Megatrends in the global energy transition · 7



8



German energy consumers have done an impressive amount to advance the energy transition first at home 

and then around the world. In addition, from Sonthofen in the south to Flensburg in the north, hundreds of 

thousands of members of the public have made the energy transition their own business in a very practical 

way. They have attached millions of solar modules to their roofs, they have put there savings into tens of 

thousands of wind turbines, farmers have created a new source of income from bioenergy. As a result, the 

familiar separation of power producers and consumers which has lasted an entire century is starting to 

disappear. The Internet is becoming an “Internet for everything”, including for a comprehensive intelligent 

control instrument for the energy system of the future. Now however, when the energy transition is getting 

underway in ever more and increasingly influential countries of the world, Germany needs to make sure that, 

in the most crucial years, it stays not just somewhere in the crowd but remains at the forefront.

Megatrends in the global energy transition · 9
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Surprises are unavoidable, renewable energies
are disruptive and predictions are frequently just hot air
 
As far as the surprises go, in the case of renewable energies these have consisted so far in the national, Euro-

pean and global consistent underestimation of their future spread. This is another fundamental distinction 

between eco-energy and nuclear power whose future importance was overestimated for decades, sometimes 

vastly so – not only by the International Atomic Energy Agency IAEA5 and the nuclear industry itself, whose 

job was and is this kind of propaganda, but also by scientific institutions, international energy agencies and 

governments. The misleading predictions which underestimated the renewables boom for decades may partly 

be explained by the close connection of the originators with the existing energy system. For instance, the 

International Energy Agency (IEA), as one of the institutions of the western industrial nations close to the 

global energy businesses, only managed to adjust its forecasts on the expansion of renewables in relation to 

the existing developments after a delay, to then fail once more with the future predictions. The consequences 

of this repeated IEA forecast exercise in its annual leading publication World Energy Outlook (WEO), despite 

a certain approximation to reality, has recently been portrayed in detail in a critical report.6

Figure 1: Projections on the expansion of renewable energies globally and their actual development;  

Sources: IEA, Greenpeace, IRENA, Projection IHS/WWEA, 2015
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Despite a noticeable increase in awareness of the problem, particularly on the issue of global warming, the 

IEA still finds it difficult to accept the years of above-linear growth of wind and PV capacity, even for the 

immediate future. In contrast, environmental organisations such as Greenpeace estimate the actual level of 

global expansion in renewable energies much more realistically overall. Nevertheless, as far as the current 

explosive expansion in global photovoltaic capacity is concerned, even the environmental activists’ forecasts 

were far below the actual development. 

Figure 2: Projections on the expansion of photovoltaics globally and their actual development; 

Sources: Greenpeace, IRENA, Projection IHS, 2015

Disruptive is the term applied to technological innovations which have the potential to completely displace 

established products in existing markets or even whole sectors of industry. Examples from recent times are 

digital photography, LCD screen technology and LED lighting. However, when renewable energies prove to 

be disruptive, then the change goes deeper. Just as the Internet changes our communication and consumer 

habits and not only challenges printed media, television and radio but ultimately also the retail trade as we 

know it, so renewable energies in conjunction with digitisation have the potential to take away large parts of 

the commercial basis not only of an inflexible energy industry, but also other key sectors.
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So let us risk what at is at first glance a daring prediction: in the energy system of the future, electricity from  

renewables will develop into a kind of new “primary energy”. Power from sun and wind will become compe-

titive and unbeatably cheap by the time the required infrastructure for the new energy system is developed  

if not before. Charging systems for electricity flat rates will be developed. Cheap electricity combined with an  

industrial society which takes climate protection seriously and in which energy efficiency is one of the uni-

versal operating principles will finally lead to the expansion of the electricity sector far beyond the traditional 

areas of application. Green electricity will gradually ensure an ever increasing part of our mobility and will  

also replace fossil heat supply wherever this has not already been saved through intelligent efficiency techno-

logies. At the end it will not only be the railways and local public transport which will be largely electrified 

but also cars which will probably differ significantly in what they can do from what we are familiar with in 

present-day vehicles. Lorries and aircraft may well be run on fuels also generated from “green” electricity. 

Electricity from sun and wind will also heat and cool our living and working spaces, provide our hot water 

and likewise the process heat for manufacturing.

This might come about, but is not a certainty. Predictions are often, but not always, just hot air. But one thing 

that is certain is that the future is always open and, with the breakthrough of renewable energies, there will be 

many more options.

There is no way back to the fossil-nuclear past 
 

The old order is already changing. Even in the upper echelons of the largest and most influential busines ses 

of the fossil-nuclear era the realisation is starting to dawn that there is no guarantee of immortality for their 

supremacy in the energy world if they do not change direction in time. At the turn of 2014/2015 international 

oil businesses, the archetypes of global players, were faced for the first time with a drop of over 50 per cent in 

the price of oil within half a year. A dramatic development of this kind, which has continued into the autumn 

of 2015 without a detectable reversal of the trend, can no longer be explained by the old models7, even though 

some still attempt this undeterred.8

There are close parallels to the major telecommunication service providers in the late 1990s whose traditional 

business model became a victim of the widespread digitisation of global communication9. Even the powerful 

energy providers such as Germany’s big four – Eon, RWE, Vattenfall and EnBW – who, like their predecessors, 

dominated the national energy market for decades as they saw fit, look helplessly at a development which they  

can perhaps slow down, but can no longer control or halt as in the past. Their power and their influence on  

the control centres of political administration are eroding. The number of politicians who still actively inter-

cede on behalf of their old business models is shrinking dramatically. Eon and EnBW accept the conse quences 

by attempting to divide up their companies into the competence centres of the future and the past. The aim of 

this seems to be to get rid of the past as quickly as possible and slim down for the future10. The Swedish state-

owned business Vattenfall is preparing the escape from German lignite. In the fight for coal generation, RWE 

is carefully considering how to profitably retire the old dirty assets in order to fill the business coffers for an 

uncertain future – preferably with state support running into billions.
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The coal industry in Germany will still try to wait out the renewable energies for a while. But those who 

believe that Germany could be the energy transition land but still remain a land of coal are mistaken. Even 

though climate scientists repeatedly (scientifically correctly) stress that none of the tornadoes and none of 

the increasingly frequent “100-year floods” can be attributed with absolute certainty to climate change, this 

does not help. Every extreme weather event somewhere on the globe recalls climate change to the mind of the 

public and turns attention to its main cause. A recent survey by the German Federal Press Office found that 

German citizens are now more sceptical about coal power than they are about nuclear power11. Whether it 

will be at the end of a second hurricane Katrina which will strike New Orleans again12 or whether the 100-

year drought in California over recent years will get dramatically worse: when the major industrial nations  

in the northern hemisphere become increasingly affected by climate change, humanity will conceivably 

become serious about protecting the world’s climate and ending the excessive combustion of coal, oil and  

gas – particularly if everyone can see that the alternatives are ready to use.

On a global scale, it is not only climate, environment and health protection which count against a further 

exploitation and combustion of fossil fuels but also the question of war and peace. Many of the known and 

potential deposits lie in the major crisis regions of the world. Anyone who depends on coal, gas and oil must  

ultimately also be prepared to secure these resources using military force. Proof that this is not just a theore-

tical possibility is provided by a glance at the military trouble spots of the recent past. Over the decades, the  

huge increase in the cost of fossil fuels before the current collapse of the oil price has slowed down develop-

ment prospects, particularly for countries with few raw materials. Wind and solar energies now provide 

largely mature and affordable technologies as solutions to both these problems. The word is spreading  

quickly. Renewable energies have what it takes to make the earth as a whole a more peaceful place with a  

fairer access to the elixir of prosperity: energy.
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However: even megatrends do not catch on by themselves
 

However much the overall signs point to a change, the energy transition will come, but not by itself. The 

transformation of the global energy system – and nothing less than this is at stake – remains a race against 

time if people want to prevent more nuclear disasters such as Chernobyl and Fukushima and an uncontrolled 

escalation of the consequences of climate change. In former times energy was one of the best-performing 

and most profitable businesses in the global economy. In the fossil-nuclear era the energy industry created 

excessive wealth – but so often at the expense of man and the environment. In view of the further growth 

of the global population, the sector – and above all renewable energies – is and will remain of pre-eminent 

importance. Because circumstances are as they are and the interests of the old energy industry in many coun-

tries around the globe still carry weight, the energy transition will not reach its goals without determined and 

courageous policies at all levels nor without the dedication of civil society.

On the one hand, according to all surveys in recent years, renewable energies and energy efficiency – not 

as an enforced regime but as a functional principle of modern societies – have already won: amongst the 

general public, in a newly-created industry, in government, in the churches, even in some of the unions who, 

as representatives of the interests of the workers of today, by nature find it difficult to represent those of 

tomorrow.

On the other hand, the movement which set out in Germany in the mid 1970s on the planned site of the 

nuclear power plant at Wyhl in Baden-Württemberg, cannot now be stopped by any external force. In the 

success of the energy transition it must itself remain flexible and adaptable. And it should not fight the ob-

struction attempts by the losers of the energy transition obstinately head-on, but needs to be a bit cleverer  

in how it goes about things. It needs to convince the losers (which will inevitably exist) to join in: this is not 

only a matter of politics, but is a job for everyone who has devoted themselves to the energy transition.

This requires us to retain an awareness of the fact that, despite the speed of the energy transition in Germany 

and even more in other influential parts of the world, we are only at the beginning of this turning point. The 

following graphic clearly shows this situation. It was only in 2014 that a slowing down in the expansion of 

new coal power plants in China, the key country in this context, became apparent.13 This development, which 

is still only a glimmer of hope, cannot even be seen in the graph due to the lack of current official data.14 But in 

the real world the new trend continues in 2015, despite a further drop in the price of coal. China in particular 

is cutting back combustion of coal due to the dreadful air pollution in the cities and shrinking growth rates, 

both in the energy industry and in the industrial sector for the first time since the turn of the millennium.15 
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The megatrends described below give grounds for optimism for the future. They show that the energy 

transition is no longer only politically driven but increasingly technologically. Electricity generation from 

wind and sun is becoming economically competitive. But the actual development over recent years also shows 

that this is only one condition necessary for success, but is not sufficient on its own. The way into the era of 

renewable energies and energy efficiency remains hard and a major political project because the underlying 

conditions all over the world were tailored to the fossil-nuclear power era for almost a hundred years and 

because these conditions will not vanish into thin air of their own accord. What is certain is that, without the 

determined redirection of the energy policy framework in all the important countries of the world, the race 

against climate change cannot be won.

Figure 3: Cumulative global expansion in capacity (in MW); Sources: IRENA, GWEC, eia, 2015
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Megatrend 1
The end of  

the fossil era 
has begun
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• In order to keep to the internationally agreed two degree 
limit for global warming, two thirds to four fifths of the 
known fossil reserves of coal, oil and natural gas have to 
stay in the ground 

• The US American Fossil-Free-Movement which campaigns 
worldwide to remove capital from the big coal, gas and oil 
companies is extremely popular 

• There are indications for the first time that the fossil fuel 
era which has characterised world energy supply since 
industrialisation is being left behind: coal combustion in 
China has fallen for the second time in a row and of three 
coal power plants planned in the world, only one is actually 
being built 

• Increasing numbers of analysts from globally operating 
banks and leading representatives of the global finance 
industry are interpreting the spectacular fall in the oil price 
since the second half of 2014 as the beginning of the end  
of the fossil era

Global climate change is a reality. Although scientists regularly warn against ascribing individual extreme 

weather events to human-induced global warming, at the same time it is clear that the increase in these kind 

of disasters is due to the very real warming of the earth’s climate. This manifests as extreme storms, flooding 

and periods of drought. And with every new “100-year disaster” the willingness of those affected to take action 

against climate change grows.16,17

This was confirmed at the highest level by the G7 heads of state and government in Schloss Elmau in Bavaria  

with the promise of decarbonising their economies18. There is a reasonable chance that the UN world climate  

conference in Paris (21st session of the Conference of the Parties, COP 21), viewed by many experts as poin-

ting the way ahead, will be more specific and that, by the end of 2015, humanity will indeed be a significant 

step closer to an effective climate treaty. This would be a blessing for the world. But even the COP 21 in Paris 

is only one stage in the race against time to stabilise the global climate. Because the states, confederations and 

global businesses who see themselves as the losers in a comprehensive transformation of the global energy 
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system, still have enough influence to delay the course of history. The OPEC-countries, Russia and Canada, 

coal producers like Australia and lastly all the major exporters of fossil fuels will fight as long as they can to 

extend the basis of their model of prosperity as far into the future as possible.

At the same time, the realisation is dawning in a variety of ways and with increasing clarity that this strategy 

is reaching its limits – and not only in the countries which import raw materials and are particularly affected 

by climate change. As long as 15 years ago the legendary former Saudi Arabian oil minister Sheikh Yamani 

predicted that in 30 years there would be a huge amount of oil reserves but no one who would want to buy or 

burn them any more. Yamani said at the time: “The oil will stay in the ground for ever. The Stone Age came to 

an end not for a lack of stones and the oil age will end, but not for a lack of oil.19

To reach this point will probably require a bit more than the remaining 15 years which Yamani gave the oil 

age seen from today’s perspective. But aside from the exporters of coal, oil and natural gas, the conviction that 

only a fraction of the reserves of fossil energy stores we know of to date should be extracted from the earth 

and burnt is growing at an impressive rate. It is these reserves that determine the value of the global coal, oil 

and gas companies.

Climate scientists have been pointing out for years that the expanding exploration for fossil fuels is in irresolv-

able contradiction to the politically agreed target of limiting the worldwide average global warming to two 

degrees Celsius. In the journal Nature, the most prestigious science magazine in the world, British researchers 

have recently calculated that a third of the global oil reserves, half the natural gas and over 80 per cent of 

known coal reserves need to stay in the ground if there is to be a realistic possibility of keeping to the two 

degree limit.20 (see Figure 4: CO2-Emissions from global fossil fuel consumption)

This means that exploration for new fossil fuel reserves is a dangerous economic gamble even now. The ex-

traction of unconventional and mostly very environmentally harmful oil reserves – for example, tar sands in 

western Canada and deep sea oil – is not compatible with the globally agreed climate targets. From the point 

of view of global efficiency criteria, only the reserves with the lowest extraction costs should be extracted and 

burnt. This would mean, for example, that three quarters of the Canadian oil would have to stay in the ground 

and almost 90 per cent of European coal.

The originally US American fossil fuel divestment network22 is now making headlines not only in the United 

States, but is campaigning in many industrial nations for capital to be withdrawn from 200 major coal, gas and 

oil companies23 who are continuing to invest in the exploitation of fossil fuels – and is gaining a lot of interest 

and becoming enormously popular. Hundreds of foundations, universities, churches, pension funds, cities 

like San Francisco, Seattle and Oxford, the French insurance group Axa and, most strikingly, the heirs of the 

Rockefeller oil dynasty, are pledging to sell their shares in oil, coal and gas companies and to invest in climate-

friendly companies instead24. The most recent example of this is the Norwegian government’s decision in June 

2015 prohibiting state pension funds from investing in companies whose turnover or power generation relies 

more than 30 per cent on coal25. The largest government fund in the world, amounting to almost 800 billion 

Euros, has up to now had significant investments in coal-related companies. This probably means that shares 

totalling four to five billion Euros will have to be withdrawn from 50 to 75 companies.26
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Figure 4: combustion CO2-Emissions (in bn. t) for reserves and known resources of different fossil fuel sources compared to a 

2°C threshold compatible carbon budget; Source: McGlade/Ekins (nature), 2015

But this is not all. There are increasing signs that the unrestricted burning of environmentally damaging fuels 

is also reaching its limits in the real world. Since 2010, two out of three planned coal power plants have been 

put on the back burner or completely abandoned and only one finally completed. China’s long coal boom is 

stagnating: in 2014 combustion of coal fell by 1.6 per cent for the first time, utilisation of Chinese coal power 

plants dropped to the lowest level for over three decades and combustion of coal became increasingly 

separated from economic growth, even in China.27,28  
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The country which has been responsible for 80 per cent of the increase in coal combustion since the beginning 

of the new millennium has introduced a policy away from coal, primarily due to the air pollution in its big 

cities. The change in strategy covers not only power generation but also the limitation of coal-based and 

energy-intensive industries in favour of service sectors. In the first half of 2015, coal demand in China fell 

further, which was also evident in the 44 per cent lower coal imports in comparison to the previous year.29  

In India, currently the second main driver of the global combustion of coal, six times more coal power plant 

projects have been mothballed since 2012 than have been completed, or their construction has been 

completely cancelled.

Since the beginning of the century, the USA and EU member states (see Figure 15, power plant expansion in 

Europe) have switched off far more coal-fired power plants than the number of new ones that went on-line. 

The USA are currently experiencing a change to their power mix unequalled for decades. Almost 200 coal 

power plants were shut down within three years or their shutdown by 2023 has already been decided upon. 

At the turn of the millennium over 50 per cent of the power generated in the USA came from mostly poorly 

filtered coal-fired power plants: now it is just 40 per cent. The rating agency Moody’s is predicting that the 

percentage of coal power will drop further by the end of the decade to only 30 per cent.30 Just as in Germany, 

traditional energy suppliers with a high coal percentage in their portfolio are dropping dramatically in value. 

New expansion is almost exclusively based on natural gas, wind power and photovoltaics.31,32,33 (see Figure 5: 

Shutdown and expansion in power plant capacity in the USA from 2015 to 2025)

The development in the USA was initiated and propelled by the shale gas boom, stricter emissions standards 

for particulates, sodium dioxide, mercury and CO2 under the Obama administration (Clean Power Plan), the 

rapid expansion of renewable energies and, last but not least, a powerful national grass-roots effort by the 

environmental organisation the Sierra Club which campaigns country-wide against old coal power plants with 

the slogan “beyond coal”. Meantime, experts in the USA are warning about investments in new fossil power 

plants and about the vicious circle in which German coal power plant operators have been caught for years: 

the rapid expansion in cheap wind and solar power will mean that in future fossil power plants will be idle for 

longer periods and will therefore produce less power at higher prices, finally making them uneconomical.34 

The other side of the coin is that the phasing out of coal in the USA makes the air there much less harmful 

in many places. And it enables the USA to move from being an opponent of the movement for better climate 

protection to a pioneer in global climate politics.35

The parallel collapse in the use of coal in China, Europe and the USA in recent years will soon have global 

effects: in 2014 for the first time in 40 years the global emission of greenhouse gases from the energy sector 

did not rise, although there was still a growth of three per cent in the global economy that year.36,37
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Shutdown and expansion in power plant capacity in the USA from 2015 to 2025
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Figure 5: Decarbonising Made in USA: natural gas and renewables replace coal; Source: eia, 2015
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So exciting developments can be observed, including the – still ongoing – drop in the oil price by 50 per cent 

within a few months in the second half of 2014. This collapse has no simple explanation, because a three per 

cent growth in the economy and major political and military crises in the most important energy regions of 

the world (a highly explosive and unresolved conflict in Eastern Ukraine, increasing destabilisation in the 

Middle East caused in part by the terrorist group Islamic State, and lastly the escalation of the Yemen conflict) 

would lead us to expect the opposite.

Some analysts see the developments on the international fuel markets as a passing phase of uncertainty, but  

others recognise – above all in the case of coal – the first signs of a final decline.38 While many market obser-

vers see the refusal of the largest oil producer, Saudi Arabia, to restrict its own oil production in the face of 

falling prices as a strategy to weaken the competition whose production is more expensive, there is a growing 

number of proven experts with a decidedly different opinion. They interpret the turbulence in the oil market 

as a kind of advance reaction to the anticipated more stringent approach in international climate policy 

following the UN conference in Paris – and see a possible outcome as the “end of the oil age” looming on the 

horizon.39

The French broker Kepler Cheuvreux believes that, in view of the climate protection debate and ever cheaper 

renewable energies, fossil groups are facing losses of possibly 30 trillion US dollars. According to Kepler 

Cheuvreux, ambitious climate resolutions in international climate negotiations could place the companies 

tied to coal, oil and natural gas in an insoluble dilemma: if the prices for fossil fuels remain low, the expensive 

exploration and extraction from difficult oil deposits is unaffordable in the long term. However, if the prices 

go up again, this could accelerate the substitution of oil by increasingly economical renewable technologies, 

especially in the mobility sector.40 The same applies to the heating sector.

Deutsche Bank’s research and analysis institute (Deutsche Bank Research) also subscribes to the theory 

that the current “peak carbon” is driving down the price of oil and not, as was the case a few years ago, the 

concern about an oil shortage (peak oil) driving it up.41 If the community of states in Paris at the end of 2015 

were really to agree on effective climate resolutions to adhere to the two degree limit or even be seen to be 

moving towards an irreversible climate protection policy, this would in fact be an “existential threat” to the 

oil industry, as even the former head of BP, Lord John Browne, recently admitted.42 For then, according to 

Deutsche Bank Research, the value of the oil companies would collapse in step with the value of their assets  

– with unforeseeable consequences for the global financial markets as well.
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Word of the fact that these predictions deal with realistic estimates should have got about in the financial 

sector at least when Mark Carney, head of the Bank of England and former manager of Goldman Sachs, 

spoke out loud and clear at the end of September 2014. In front of the assembled British insurance sector 

Carney attested to the “possibly far reaching effects” threatening them with climate change.43 It was far more 

than just a matter of the mounting insurance cases from weather disasters, but more of an earthquake which 

would shake the global financial industry unless a “complete re-evaluation” of these major global enterprises 

who make their money by extracting or processing fossil raw materials took place. On the basis of a current 

progress report by the Bank of England44 Carney, who is also chair of the Financial Stability Board (FSB) of 

the C20 states, suggested creating a global standard for assessing the damage that companies cause to the 

environment and which investors could use to assess the risk of their investments.

The warning plea from the head of the Bank of England is only the most recent example of the globally 

growing awareness that fossil fuels can no longer be burned at will, otherwise the earth will become an 

increasingly inhospitable place for most of humanity over the medium to long-term. In the meantime the IWF, 

IEA and the World Bank are warning almost unanimously against the continuance of an energy economy 

which further expands the use of coal, oil and natural gas and is subsidised globally by governments to the 

tune of around five billion US dollars every year.45

If we do not succeed in starting a systematic withdrawal from the fossil era in time, we will be threatened with 

a crash in the real economy and financial markets of which the global economic crisis of recent years will only 

have been a mere foretaste. Presentations like that given by the head of the Bank of England are wake-up calls 

based on the knowledge that the impacts for a fossil-based economy are coming closer.

This is not changed by the fact that, even after the Fukushima disaster and the exploding costs of a large 

proportion of the current nuclear power projects, the remaining champions of nuclear energy sense another 

opportunity to be able to bring their technology into play as a climate friendly alternative to fossil power 

plants. Fukushima was another horrific reminder of the high-risk nature of nuclear technology. And the 

exploding costs of the two remaining projects in Western Europe in Olkiluoto in Finland and Flamanville 

in France, like the planned Hinkely Point nuclear power plant in Great Britain, demonstrate that nuclear 

power is not only high risk in a technical sense, but also financially. It is difficult to imagine that nuclear 

technology could compete successfully in future with the new leading technologies of wind and solar power 

even economically.46 It is therefore even more of a mystery47 how the International Energy Authority (IEA) 

in its World Energy Outlook (WEO) 2014 can predict that the global nuclear power plant capacity is going to 

increase by half again by 2040, i.e. by around 200 reactor units.48
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Megatrend 2
The energy 
future has 

already begun
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• The Renewable Energy Act devised in Germany is a  
global success which has enabled wind and solar power  
to compete with conventional power generation in ever 
more regions of the earth 

• Between 2004 and 2014 the global photovoltaic capacity 
has increased by a factor of fifty and wind energy capacity 
by a factor of eight 

• Since 2013 more renewable power capacity is installed 
annually around the world than fossil and nuclear together 

• Between 2000 and 2012, 57 per cent of new investment  
in power generation plants went into the renewable energy 
sector, 40 per cent into fossil fuels and 3 per cent into 
nuclear power plants

 

The energy transition: a German phenomenon? If this claim was ever true, then it has long since been super-

ceded by actual developments. Nowadays more and more countries all around the world are starting the 

energy revolution. After decades of crippling indecision in many regions of the world, we are seeing a self-

reinforcing process. The crucial question for Germany is no longer whether the age of renewable energies  

will come, but whether Germany will continue to play a key role in it.
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Figure 6: Countries which have introduced a feed-in tariff for power from renewable energies at national or regional level; 

Source: REN 21, 2015

It is true that Germany was an important initiator of this development. For one thing, it was Germany which 

came up with the Renewable Energy Act (EEG) at the turn of the millennium49 which, with its guaranteed 

and reasonable reimbursement for the quantity of power generated over the longer term (usually 20 years) 

has turned out to be the most successful instrument for introducing what was at the time still expensive 

power generation from sun, wind and biomass into the largely saturated electricity markets. To date 77 states 

throughout the world50 have adopted key elements of the German system. This is Germany’s first, conceptual 

service.
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The second service is of a financial nature: via EEG surcharges and via their electricity bills, German energy 

consumers have paid a large part of the development and market introduction costs of these key global 

technologies for the 21st century. The Öko-Institut estimates that, for photovoltaic alone, German energy 

consumers have taken on “innovation costs” of 107 billion euros up to 2014. Added to this are further billions 

for other renewable energy technologies.51 Solar and wind energy in particular thus became affordable for 

less prosperous countries. The German contribution was and still is considerable, especially for private 

households which shoulder the EEG surcharge averaging approx. 215 euro/year52 and likewise for small 

businesses and those companies which, in contrast to large parts of industry, are not exempt from the 

surcharges. However, the EEG payments were and still are money well invested. Because the observable 

global cost reduction in power from renewable energies has turned out – quite unintentionally – to be the 

most successful development aid programme which Germany has ever launched for the world. On a serious 

note, these billions help to save the world. But as a driving force for global climate protection and the German 

export economy, and also for trade in Germany and regional value creation, it also benefits us.

In recent years the cost degression of the leading renewable technologies of photovoltaics and wind energy 

have lead to a worldwide boom which hardly a single expert predicted at this speed. Between 2004 and 2014 

the global installed PV capacity increased almost fiftyfold from 3.7 to 178 gigawatts53, with over 60 per cent of 

this growth taking place in 2012 and 2014 alone. In the same period the global installed wind energy capacity 

increased almost eightfold from 47 to around 370 gigawatts. Wind energy is now the second most important 

renewable energy source after the traditional hydropower, since electricity was “invented” as a commodity.54

In China alone 23 gigawatts of wind energy capacity were added in 2014, roughly equal to the capacity of 

20 nuclear reactors. In Germany it was almost 5 gigawatts net55, this also being an all-time national record, 

while in the USA it was over 4.8 gigawatts. Wind energy also had a boom in newly industrialised countries 

such as Brazil (almost 2.5 gigawatts) and India (over 2.3 gigawatts). And South Africa, with just 10 megawatts 

of installed capacity at the end of 2013, got going properly in 2014 and by the end of the year had over 570 

megawatts of wind energy capacity.56

In 2014, worldwide expansion in wind energy capacity in a single year exceeded the 50 gigawatt threshold for 

the first time, something which the Global Wind Energy Council (GWEC) expects to happen again in 2015.57 

Added to this comes a highly symbolic changeover: in the first six months of 2015 the global installed wind 

energy capacity exceeded that of nuclear power for the first time.58,59

Megatrends in the global energy transition · 29



 

 

 

 

Figure 7: Installed generation capacity from wind power (in MW); Sources: IRENA, GWEC, eia, 2015  

 

Development of global solar power capacity since 200060 

 

 

 

 

 

Figure 8: Installed generation capacity from solar power (in MW); Sources: IRENA, EPIA, IEA, BMWi, 2015
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The International Energy Agency (IEA) of the OECD states has determined that between 2000 and 2012 57 per 

cent of all global investment in power generation was made in the renewables sector. Just under 40 per cent of 

investment went into fossil fuel power plants and only three per cent into nuclear power. .

 

Investment in energy generation 267 billion USD 100.0 %

Fossil energy 106 billion USD 39.7 %

of which coal 55 billion USD 20.6 %

of which natural gas 46 billion USD 17.2 %

Nuclear energy 8 billion USD 3.0 %

Renewable energies 153 billion USD 57.3 %

of which hydropower 52 billion USD 19.5 %

of which wind energy 43 billion USD 16.1 %

of which photovoltaic 37 billion USD 13.9 %

of which bioenergy 17 billion USD 6.4 %

Figure 9: Average annual global investments in the energy generation sector between 2000 and 2012 incl. larger hydropower; 

Source: IEA, 2014

In addition, in 2013 for the first time more new power generation capacity was installed in the renewables 

sector – particularly solar and wind – than in the conventional sector.61

 

 

 

 

Figure 10: Expansion in power generation capacity worldwide (in GW or %); Source: IRENA, 2015 
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The development in the global capacity of wind and solar plants in comparison with nuclear power since the 

turn of the millennium shows in almost unequalled clarity where the future lies... and what is past. However, 

hydropower – large-scale hydropower in particular – is also undergoing a sustained upturn. Over 390 

gigawatts of new hydropower were installed globally between 2001 and 2014, around three quarters (290 GW) 

in large hydropower plants.62 Another 180 gigawatts are due to be added to this in the next eight years or so, 

mainly in China, Brazil, Turkey and India.63 While these large projects which regularly lead to the most high-

performing power plants in the world are, like wind and PV, low emitters of CO2, there are major problems 

associated with them such as resettlement of huge numbers of people along the river banks upstream from 

the planned dam and serious interference with the local and regional ecology. The most famous project of this 

kind is the Three Gorges Dam on the Yangtze River in the Hubei Province (China), constructed to drive the 

largest power plant in the world, with a generating capacity of 22.4 gigawatts and annual power generation of 

80 to 100 terawatt hours.64

Newly installed generation capacity for wind, PV, hydro and nuclear power worldwide 2000 – 201465 

 

 

 

 

 

 

 

 

Figure 11: Cumulative growth in capacity worldwide (in MW); Sources: IRENA, GWEC, IAEA, 2015
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Figure 12: Cumulative increase in capacity in China (in MW) since 2000; Sources: IRENA, IAEA, 2015 

Investment in renewables has gone through a rapid development in recent years, a megatrend which, while 

subject to certain fluctuations on the one hand, on the other seems to be totally untouched by the global 

financial crisis since 2009. What is clearly visible – besides the continuous growth of mainly large hydropower 

plants – is the enormous increase in importance of photovoltaic and wind power as the principle driving 

forces of this fledgling process of transformation. This development is new, in practically all countries it is just 

at the beginning. But it will prove to be robust and long-lasting because its central driving force, the massive 

drop in the costs of solar and wind power, is having an effect all over the world. 

One of the main regional players in this development is without doubt China, the country which for two decades 

has been pushing all the available technologies for power generation as fast as possible in order to satisfy the 

energy demands of a rapidly growing population of almost 1.4 billion. After the turn of the millennium, the 

government in Beijing initially pressed ahead with nuclear power. China is at present the country connecting the 

most new reactors to the grid by a long way. However, although expansion of wind power only picked up speed 

from 2009, eco power has now surpassed nuclear, not only in terms of installed generating capacity but, since 

2013, also in terms of kilowatt hours generated. Since 2013 it appears that photovoltaic is also set to follow the 

development of wind power as an important new renewable energy. Although photovoltaics started from a low 

level, the annual growth has recently been twice as strong. In China electricity generation from wind has been 

rising annually by around half since 2010, while that from photovoltaic is doubling every year: in 2015 alone it is 

planned to install a massive PV capacity of 23.1 gigawatts.66
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Figure 13: Annual power generation in China (in TWh); Sources: BP, IRENA, 2015

In India, the subcontinent which had previously been completely fixated on the combustion of coal, the prime 

minister Narendra Modi elected in 2014 has announced a large-scale solar programme. By 2022 at least 

100 gigawatts of new solar power capacity is due to be installed, almost three times the total that Germany 

has achieved since the start of the energy transition. Modi is following a worldwide trend. According to an 

analysis by the global Renewable Energy Policy Network for the 21st century, REN21, 164 countries are 

now operating a proactive policy for the market introduction and penetration of renewable energies.67 The 

US American consulting firm Frost & Sullivan predicts that the globally installed power generation capacity 

of renewables will more than double to over 3,200 gigawatts within ten years (to 2025) compared to 2012.68 

For comparison, in 2014 in Germany about 100 gigawatts of conventional and 87 gigawatts of renewable 

generation capacity were installed. 
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Figure 14: Worldwide newly installed power generation capacity from renewable energies between 2000 and 2013 (in MW); 

Renewable energies share of total newly installed generation capacity (in %); Sources: IRENA, IEA, 2015

Even in the USA, a country which for many years tended to be seen as obstructionist, the energy transition  

is getting going, and not just in terms of the shutdown of a three-figure number of coal power plants. After 

all, with 3.5 gigawatts of installed capacity in geothermal energy, the country is a world leader and generates 

the most wind power, even ahead of China.69 Power generation from renewables has doubled under president 

Obama. And something which not many are aware of is that the USA was the first country to promote 

renewables via a feed-in tariff – introduced as far back as 1978.70

And what about Europe? Despite all the warring energy policies between the member states, the EU as a whole 

finds itself indisputably on a clear path to the age of renewable energies. Since the turn of the millennium 

almost 117 gigawatts of new wind power have been installed and almost 88 gigawatts of photovoltaic. On 

the other hand, considerably more nuclear, coal and oil power plants have been shut down compared to the 

number of new ones connected to the grid.71 
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Figure 15: Power plant expansion in Europe 2000 to 2014 (in MW); Source: EWEA, 2014
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And one more breathtaking statistic from the European Union: between 2000 and 2013 around 80 percent of 

investment in power generation went into renewable energy plants, 19 per cent into fossil power stations and 

one per cent into nuclear power.73

In the old world, expansion of new power plants based on renewable energies was therefore as impressive  

as it was welcome. But this is no longer the exception in the world, but the rule.

There are no grounds for complacency

It is crucially important not to fall behind: for the EU but especially for the long-term world champion 

exporter Germany as initiator and driver of the global energy transformation. But there are indications 

that this is happening. The German bioenergy sector was left out in the cold by the EEG amendment, partly 

because there is no likelihood of cost reductions in the order of magnitude of wind and solar energy. The 

home market remains frozen at the existing level until the support under the German Renewable Energy Act 

runs out in 20 years. There is no way of telling what will happen after this date.

In contrast, in 2014 the wind sector, particularly the land-based part, was able to enjoy a new record expan-

sion beyond the corridor fixed via the latest EEG amendment by the Federal Government. 2015 will also likely 

be a year of expansion for wind power in Germany, even if not quite so far above the average. But the sector is 

under a cloud of uncertainty due to the planned change in the system from the administration of fixed funding 

rates to auctions. Expansion of the still comparatively expensive offshore wind power also got going in 2015  

after years of delays. However, it does not currently appear to be guaranteed that Germany will remain alto-

gether on course with the expansion of renewable energies and with keeping to its national climate goals.

These uncertainties are particularly evident in the ups and downs of photovoltaics over recent years. The 

boom years from 2010 to 2012 were followed by a severe depression. Tens of thousands of jobs74 were lost just 

as quickly as they had been created. The difficult situation for the German photovoltaic sector also spread out 

over Europe. In 2009 the countries of the EU still dominated the photovoltaic market with 80 per cent of the 

global expansion in capacity for solar modules. By 2014 the situation was completely reversed. Europe only 

accounted for 20 per cent. The message of the most recent development is: the boom continues, if need be 

without Germany and the EU.
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Figure 16: Global expansion of solar power generation capacity (in MW); Sources: IRENA, EPIA, 2015
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With hindsight, many experts see the development in photovoltaics as inevitable, because in only a few years 

solar modules have become a global commodity which can be manufactured just as cheaply or more so in 

newly industrialised or developing countries than they can in the high-tech location Germany. While there is 

something in this, stiff competition and the political conditions in the countries concerned will determine the 

position on the key markets of the future for this and other new energy technologies.

Germany is still in a strong position as exporter of high-quality components in this sector, for instance of 

production plants, special electronics and software products. The German wind industry’s export quota 

regularly reaches 66 per cent.75 The export of biogas plants is around the same order of magnitude – trending 

upwards – because conditions in Germany have deteriorated dramatically due to the EEG amendment of 

2014 and only traces of a “home market” are left. So the renewable energy technologies seamlessly continue in 

a new territory the German economy’s traditional guarantor of success: the export of machines, production 

plants and other high-tech products all over the world.

Meanwhile, there is no time to rest on past success. Quite the opposite: while only a few years ago supporters 

of wind power were accused of wanting to spoil the whole of Germany with turbines while no one anywhere 

else in the world was investing in such an expensive and ineffective technology, nowadays Germany only 

accounts for 10 per cent of the wind turbines installed worldwide. In 2014 the USA generated around 183 

terawatt-hours76 of wind power, China 158 and Germany 57.3. True, compared to Germany the two compet-

ing countries have huge areas. But if we take a look at our little neighbour Denmark, in 2014 they generated 

39 per cent of the total electricity demand from wind power77 while in Germany it was just over 10 per cent 

for the whole country. So Germany is not the wind power world champion it used to be, neither in terms of 

electricity production nor in terms of the proportion of power generation. However, when expansion in 2014 

rather surprisingly reached a historical peak of 5,280 megawatts (gross), in a knee-jerk reaction economic 

policy-makers in the EU demanded a curb on the speed of the energy transition.78 As described above, some - 

thing of this kind has already “succeeded” in the case of photovoltaics. In 2014 the expansion of photovoltaic 

plants in Germany slipped below the two gigawatt level for the first time since 2008, thus no longer reaching 

the government’s accepted range of 2.4 to 2.6 gigawatts per year79. This downward trend continued in 2015.80 

Analysts are anticipating a record global PV growth of 59 gigawatts of solar power capacity in 2015. With a 

predicted national expansion of around 1.5 gigawatts, the German share of the world market would then 

amount to only 2.5 per cent.81,82 

Megatrends in the global energy transition · 39



Megatrend 3
The energy 

future is 
renewable
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• In Germany the costs of solar energy have dropped by 80 
per cent since 2005. Comparable cost developments are 
happening all over the world and are driving the expansion 
of renewables 

• Wind power on land is currently the most cost-effective new 
renewable energy technology in Germany and the costs are 
falling further  

• In sunny regions photovoltaic is already one of the cheapest 
technologies for power generation and in many regions of 
the world is well on the way to undercutting all competing 
technologies

 

Amongst the renewables, photovoltaic has become the symbol of an undervalued technology. For a long time 

it was considered to be unaffordable, unproductive and so small-scale that it would never be able to make a 

significant contribution to the huge energy demand of a large industrialised area like Germany. Perhaps useful 

for exotic applications such as the power supply to satellites or space stations or the off-grid stand-alone 

operation of remote research stations or settlements. This could not have been further from the truth!

Solar power generation is now well on the way to undercutting all traditional forms of electricity pro duc-

tion.83 This has already happened in regions of the world with favourable circumstances, particularly plenty 

of sunshine and reliable investment opportunities. The new solar era84 is now beginning. The International 

Energy Agency (IEA) which for years was the conservative refuge of the OECD states from structural changes 

to the global fossil-nuclear energy system, now believes that by the middle of the century solar power will 

supply 27 per cent of the global energy demand, more than every other generation technology.85 

While the costs of installing new nuclear power plants continue to rise and electricity production from fossil 

fuels is coming under ever greater pressure due to its effects on the climate and its consequences for health 

and society, the costs for photovoltaics are in free fall. And the technology is by and large accepted. This is 

not always the case with wind power because of the visible impact on people’s surroundings. But the actual 

development is no different from that of solar power. The expansion in capacity for wind also regularly 

exceeds the predictions. Solar, wind and, in some regions, other renewable energy technologies will make up 

the power generation of the future. Renewable energies are amongst the key technologies of the 21st century.

Renewables will not permanently raise the price of electricity and the energy supply – as is often feared –  

but in fact actually make it more favourable as soon as the conversion phase is over. Even when you allow for 

the costs arising from the unavoidable conversion and expansion of our power grid, the necessary back-up 
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Figure 17: generation costs (Euro Ct/ kWh) of different types of new power plants; Source: Agora Energiewende, 2015 
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capacity and the need to balance the changeable power sources, the overall system costs will not be higher 

than for continuing and then carrying out the required staged replacement of the old energy infrastructure.

The savings to be made from the new energy system are all the greater when allowance is made for the 

resulting damage associated with the combustion of coal, oil and gas and the spread of nuclear technology 

which global society would have to cope with if things were to carry on as previously. The development 

towards climate and environmentally friendly renewable energies becomes realistic thanks to scarcely dreamt 

of technological progress, the start of mass production and favourable financing conditions in many major 

countries of the world.

The Berlin think tank Agora Energiewende recently put it to the test and analysed the current electricity costs 

of different generation systems. The result: the onshore wind power parks and ground-mounted photovoltaic 

parks currently available are fully competitive compared to new conventional power plants. The study 

compared green power plants with new conventional coal and gas power plants and with new nuclear power 

plants illustrated by the planned British nuclear power plant at Hinkely Point, and with coal-fired power 

stations with subsequent carbon capture and storage (CCS)86.
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In view of this Germany would be well advised not only to push ahead with its own energy transition but, in order 

to remain successful as a traditional exporter – of energy technology in particular –, it should also introduce its 

strengths, products, processes and services into the global development.

Costs in free fall 

 

The most remarkable price development at present is in photovoltaic technology which set out with 

generation costs of around one euro per kilowatt hour (kWh). In Germany the tariffs for PV electricity from 

large ground-based parks fell from 43 cent/kWh to 8.7 cent/kWh between 2005 and 2014, in other words by 

approx. 80 per cent87. A similar development took place in the PV systems which German solar enthusiasts 

had installed on their roofs: the average costs per kilowatt of installed capacity for these kind of small systems 

declined from 5,100 euro per year in 2006 to 1,602 euro in 2014. And it is quite certain that this development 

will continue in future. By 2025 a kilowatt hour of solar power from large photovoltaic plants in Europe will 

only cost something between 4 and 6 cent/kWh, depending on sunshine duration. According to conservative 

forecasts, this price will be further reduced to 2 to 4 cent/kWh by the middle of the century.88 Photovoltaic 

will then be well on the way to being the cheapest global technology for electricity generation.

Evidence that these predictions are more than just crystal ball gazing and are also not restricted to Germany 

is given by a contract awarded in spring 2015 by Dubai’s public energy provider to a Saudi Arabian group 

of companies for a 200 megawatt solar farm which aims to sell electricity at a feed-in price of 5 euro cents 

per kilowatt hour (equalling 5.84 $ct/kWh)89. This is probably the lowest solar power price achieved in the 

world to date in a tendering process. The outcome of the global drop in price for photovoltaic is the above 

mentioned rapid increase in capacity in various regions of the world in recent years.90 

Tariffs for ground-mounted PV parks in Germany

 

 Figure 18: EEG feed-in tariffs for large photovoltaic parks; Sources: Agora Energiewende, Solarförderverein, 2015
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Figure 19: Price development for roof-mounted photovoltaic systems up to 10 kWp in Germany; Source: BSW price index for 

photovoltaics, 2014

Recently it has not just been those who champion or profit from the energy transition who are predicting a 

glowing future for solar energy but also numerous global players from the banking and consulting industries. 

In 2014 one of the largest banks in the world, the New York Citigroup, published a report predicting a break-

through for photovoltaics.91 The bank attributes this rapid development to a further decrease in electricity 

generation costs, more mature technologies and favourable financial terms. However, there is also a growing 

need in the electricity industry and from electricity consumers to safeguard themselves against the risks of 

fluctuating prices or uncertain supplies from traditional power generation from fossil fuels and uranium. 

 AVERAGE FINAL CUSTOMER PRICE OF INSTALLED ROOF MOUNTED SYSTEM UP TO 10 KWP (EXCL. VAT)

44

0

10

20

30

40

50

60

70

80

90

100 5,100 €/kWp

1,658 €/kWp

%

Q2
2006 2007 20102008 20112009 2012 2013 2014

Q2 Q2 Q2 Q2 Q2 Q2 Q2 Q2Q3 Q3 Q3 Q3 Q3 Q3 Q3 Q3 Q3Q4 Q4 Q4 Q4 Q4 Q4 Q4 Q4Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1

Price development of PV roof-mounted systems in Germany



The Citigroup analysts see the most important markets over the next few years in China, Japan, the USA and 

Great Britain, but these would soon be joined by additional large markets in sunny and highly populated 

newly industrialised countries such as India and those in South America and the Middle East. An expansion 

forecast of 662,000 megawatts of installed photovoltaic capacity between 2012 and 2035 published by the 

International Energy Agency (IEA) in Paris is seen by the Citibank to be too low and described as “highly 

conservative”92. One of the reasons for this judgement is that the banking analysts see the cost development 

of solar energy and other renewable electricity generation technologies as also providing the key to a much 

broader energy revolution not just confined to the substitution of power from nuclear energy and fossil fuels, 

but affecting other energy sectors.

Driven by the fact that, in ever more regions of the world, electricity from the grid is becoming more 

expensive than that generated on your own roof, Deutsche Bank is expecting further strong growth in the 

world market for private PV systems, a market which could rely on increasing numbers of large and medium-

sized players in all regions of the world.93 According to the bank’s forecasts, the price for roof-mounted solar 

panels will fall by a further 40 per cent within four to five years.94 

The French investment bank Kepler Cheuvreux has recently predicted that a 100 billion dollar investment in 

solar or wind power would be better spent than the same billion dollars in the oil business. The reason is that 

renewable energies already do much better than the boom energy of the 20th century in terms of the energy 

output gained per dollar invested. In view of this prognosis, Kepler Cheuvreux expect electric vehicles operated 

by wind or solar power to be more economical than conventionally fuelled vehicles within two decades.

Even if the forecasts by the large financial institutions – who in the past also predicted a glowing future for 

nuclear power – are viewed as foolhardy, the fact remains that the forecasts for the development of renewables 

have to date always been more than confirmed by actual developments.

Developments in wind power are similar to those in photovoltaics. In Germany and other countries of the 

world which often have a considerably larger wind resource, land-based wind power generation is still the 

cheapest of all new renewable energy sources. The reason for this is primarily the huge technological progress 

since the turn of the millennium. The increase in size and effectiveness of the rotors with higher towers have 

enabled a wind power tariff of as little as 5 to 9 cent/kWh in 2015.95

Technological progress initially manifests in the average capacity of the wind power plants added each year. 

This has increased more than sevenfold within 20 years.
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 ANNUAL ADDITIONS ·  EXISTING WIND POWER PLANTS

Development of average capacity per wind power plant in Germany 

371

2,690

Figure 20: Average capacity of wind power plants according to year of commissioning and existing stock;  

Sources: DEWI, Deutsche WindGuard, 2015

The technological maturation is also apparent in the fact that wind turbines can generate ever more kilowatt 

hours from one unit of installed capacity. This is shown by the trend lines in the following graphic where the 

curve of power generated climbs more steeply than the cumulative installed capacity of the turbines. In other 

words: year on year, one megawatt of newly installed wind energy capacity generates ever more megawatt 

hours of electricity. (see Figure 21: Installed capacity and quantity of electricity generated by wind power in 

Germany)

Offshore wind power, in other words power generation in large wind parks in the sea, is still significantly 

more expensive than wind turbines on land, particularly off the German coasts96. However, in many regions 

of the world the higher costs for the more expensive technology for offshore turbines themselves and for the 

infrastructure (connection to the land, maintenance costs, etc.) are balanced by the larger and more constant 

wind supply at sea. The rotors turn for nine out of ten hours of the year or more at sea and achieve, compared 
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to their maximum power output, 4,000 to 4,500 annual full load hours97 in contrast to around 2,000 full load 

hours for good wind conditions in the interior98. Offshore turbines are still somewhat in the early stages of 

their technological learning curve. So considerable cost reductions can be expected in this area too.

The trend towards increasing annual full load hours is important for the economy of the new electricity 

system, but not just because of the higher energy yield from one energy unit of wind power. The development 

also reduces the system costs, because a more constant power supply means that a lower proportion of the 

wind power has to be stored temporarily at high cost and reduces the overheads for balancing the fluctuations 

in wind power via long transmission lines, storage capacity or a flexible use of the power by the consumer. As 

part of this, increasing numbers of what are known as “weak-wind” turbines are being installed which begin to 

turn even at low wind speeds. 

 CUMULATIVE CAPACITY (MW) ·  CAPACITY TREND ·  WIND POWER (GWH) ·  QUANTITY OF ELECTRICITY TREND

Installed capacity and quantity of electricity generated by wind power (onshore) in Germany since 2000

54,700

Figure 21: Installed capacity (in MW) and amount of power generated from wind turbines on land (in GWh);  

Sources: BMU/BMWi, DEWI, Deutsche WindGuard, 2015
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Megatrend 4
The energy 

future is
decentralised
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• The central energy supply in fossil or nuclear driven 
large thermal power plants is coming to an end after 
over a hundred years because there is now an affordable 
alternative available 

• Renewable energies occur in a “diluted” and extensive 
form. For physical reasons alone electricity generation from 
renewable energies is therefore decentralised, occurring 
in millions of plants which, however, do not all necessarily 
need to be small. Their operation in an industrial nation 
with developed infrastructure requires central coordination 

• A decentralised and affordable energy system based on 
solar and wind energy also promises greater equality of 
prosperity in the world: the poorer regions have the largest 
resources 
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Up until the turn of the millennium a few hundred large power plants running on coal, natural gas and 

uranium supplied the whole of Germany with power. The situation was very similar in all comparable 

industrial nations and even the large newly industrialised countries very resolutely followed this course of 

development marked out since the beginning of commercial power supply at the end of the 19th century. 

They also used and still use fossil fuels which have been produced over geological time periods. Now year after 

year, mankind is burning quantities of coal and natural gas which previously took around a million years to 

produce. The knowledge that our heritage of coal, oil and natural gas is finite, has changed nothing about this 

so far99. Quite the contrary: combustion of fossil raw materials increased constantly up to the most recent past. 

It has now become increasingly obvious that it is not the finite nature of fossil resources which will show us 

the first of nature’s limits. It is in fact the atmosphere, which can only cope with the amounts of greenhouse 

gases produced by human beings at the cost of a global warming unparalleled in the history of mankind.

The primary fuels for generating electricity to date – i.e. the fossil fuels coal, oil and gas – are forms of natural 

(bio) energy which have formed by concentration through chemical and physical process over millions of 

years. Solar and wind energy, the main carriers of our energetic future, occur in comparison in an extremely 

diluted form on the earth. The immediate result of this is that, to enable solar and wind to be used for the 

rising energy demand of a growing world population, we have to collect this “diluted energy”. And because it  

is physically diluted, it requires large areas and plants.

“Small is beautiful” was and still is an attractive slogan. But nowadays, the systems for producing electricity 

from renewable energies are often both at once: distributed in a decentralised manner across the country but 

also unquestionably immensely large. Decentralised power plants will play an important role in satisfying 

basic energy needs, especially in the regions of the earth which are not yet electrified. It is not by any means 

certain whether it will even be necessary to create large integrated transport networks here or whether this 

“development phase” can be skipped in the new solar era. But large wind parks and ground-based solar parks 

will probably be just as necessary for the desirable industrialisation and the supply of metropolitan regions.

However, the new energy system’s key characteristic which makes it obviously different to the traditional 

single-track energy supply results from its decentralised physics encountering a readiness in society to leave 

behind the role of purely energy consumers. Domestic housing and small businesses turn into power plants 

producing power and heat for their own needs and for third parties. The speed with which this fundamental 

paradigm shift is gaining ground is based on the fact that the technological development for it is available and 

is affordable for an increasing number of people. This is the situation which, despite all the heated debate of 

recent years, secures a continuous stable acceptance for the energy transition in Germany. 

In the decades ahead we will likely see a mixed structure of millions of small generating units – literally for 

home consumption – spread across the world. The decentralised basic structure will be closely linked to 

medium and large power plants, likewise based on renewable energy. The ratio of large to small plants will 

arise from the natural social and regional conditions and requirements. It is one of the strengths of the new 

technologies that they can do both of these without forfeiting capacity or becoming uneconomic overall.
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Figure 22: The old energy world: a few hundred coal- and nuclear power plants supply electricity in a one-way-system.  

The consequences: enormous resource use, climate change, nuclear meltdowns and radioactive waste issues

 GRID ·  CONVENTIONAL ELECTRICITY
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 GRID ·  CONVENTIONAL ELECTRICITY ·  RENEWABLE ELECTRICITY 

Figure 23: Energy transition: in Germany alone there are now 1,5 Mio. PV-systems and 25.000 Wind power plants installed. 

These decentralised sources contribute almost 30 % of German electricity production. Buildings become part of the power 

supply. They use part of the produced electritiy for their own consumption and feed the surplus into the grid. In times of low 

wind or sunlight, they use energy from the grid. 
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Large wind parks in windy and mostly uninhabited regions or in the sea can provide wind power for most 

hours of the year which reduces costs for the (currently) expensive storage of large amounts of electricity. 

And large photovoltaic ground-based power parks supply kilowatt hours of electricity at a cheaper rate than 

small roof-mounted PV panels – both in Germany and more so in many sunny and thinly populated regions 

of the world. There, large solar parks can be set up – beyond what are in any case uncontroversial local 

island solutions far from the grid – with the aim of developing an industrial infrastructure. Electricity from 

larger solar power parks like this can also reduce the total costs for a system based largely on wind and sun 

which needs to be able to reliably ride out not only nights and cloudy spells but also prolonged calm periods 

without a break to supply. The most important concept for long-term storage of large amounts of electricity 

beyond large hydropower systems is the use of renewable energy for the electrolytic conversion of water 

into hydrogen or methane gas which are then used as fuels in conventional gas power plants, ensuring a 

continuous power supply.100
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A chance for poorer regions of the world 

 

The new decentralised energy system is developing into an all-embracing promise for the future for the 

countries of the south which have been amongst the poorer regions of the world up until now. If electricity 

generation costs fall further, then catch-up development can finally become more than an eternally unfulfilled 

promise for these countries where 1.5 billion people still live without access to any kind of power supply. 

According to the World Bank and international energy agencies, over the last 20 years global population 

growth has almost cancelled out any detectable success in electrifying many countries.101 Electricity is of 

course a key commodity for fighting poverty, for access to education, for creating an up-to-date medical 

system and also for the development of commerce, trade and industry, without which a large proportion of 

the population have no chance of a life of relative prosperity.

But now all the signs point to a new era: the switch in the energy base suddenly makes the world’s solar belt a 

privileged zone when it comes to producing electricity. The natural resources are available in superabundance 

in the poor countries and their decentralised ubiquity does not need to wait for an extensive network 

infrastructure.

Figure 24: Global solar radiation: An opportunity to redistribute global prosperity?; Source: 3TIER by Vaisala, 2014
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Figure 25: Investments in renewable energies by region (in billions of US dollars); Sources: UNEP, Bloomberg New Energy 

Finance, 2015 

The spread of solar systems to satisfy simple basic needs such as light, mobile phones, radio, fridges and 

machines in businesses and hospitals has already begun.102,103 But this can only be the – obviously necessary – 

start. Because lasting prosperity can only arise if the infrastructure developing in the urban centres and 

metropolises of Africa and Southern Asia have adequate and reliable access to power from renewable energy 

power plants as an alternative to diesel generators which run on fuel which is generally an expensive import. 

With the plentiful supply of renewable resources and the constant reduction in investment costs, the 

opportunities for this are better than ever before.104 The vision is of a level of prosperity comparable to the 

industrialised nations but which can manage without the “dirty technologies” on which development in the 

privileged nations of the north has so far been based. There is a concept for this which is not new: leap 

frogging. The developing countries leap over the technologies which have proved to be unsustainable 

elsewhere.

The proportion of countries in the south making new investments in renewable energies is already growing 

continuously, since PV and wind power have become cheaper year by year. As a result of the economic crisis 

in large parts of the world, the trend in the industrial countries has not been so clear. Annual investments 

actually decreased here in 2012 and 2013. The outcome: in 2014 the industrialised countries invested 139 

billion dollars in renewable energies, developing and newly industrialised countries 131 billion dollars. The 

gap is closing. It is a good start.
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As in future it will no longer be a few hundred large power plants based on the concentrated and easily stored 

energy raw materials of uranium, coal and natural gas which ensure the supply of power and heat, but millions 

of small and large power plants which in addition will not all always be available, there will still be a need for 

central infrastructures such as networks and systems to coordinate the millions of power generating units. 

By the end of 2014 in Germany more than 1.54 million PV systems and over 25,000 wind turbines were 

producing power for the gird, giving renewable energy a 30 per cent share in power generation.105
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The fact that in future – with renewable energies providing almost the whole supply at every minute of 

the year – several million small power plants will need to be coordinated is not the whole story. There is 

more involved. As mentioned earlier, in the course of this fundamental structural change the clearly defined 

boundary between energy producers and energy consumers which has been fixed for over a hundred years 

will become blurred. This ground-breaking change is already in need of new concepts. Time alone will tell 

whether “prosumers” i.e. people who alternate between their traditional role as energy consumers and a new 

one as an energy producer, will in future form one of several pillars of the new energy system or even be its 

main characteristic. But it is already clear that a widely distributed energy system of this kind cannot function 

without the new information and communication technologies, without an “internet for energy”. It is only 

comprehensive digitisation which can make the start of a second solar age possible.106

 WIND POWER PLANTS (ONSHORE) ·  · PHOTOVOLTAIC PLANTS ·  BIOENERGY PLANTS
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Figure 26: Cumulative net expansion in renewable energy plants in Germany since 2000; Sources: BMWi, ÜNB, DEWI,  

Deutsche WindGuard, 2015



Megatrend 5
The energy 

future is 
digital
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• The area-wide digitisation of the energy sector is 
both a requirement of and the key to a reliable 
decentralised energy system characterised by 
wind and solar energy 

•  In order to implement the energy transition, the IT 
and energy sectors are growing together with the 
aim of reliably matching the energy supply and 
demand at all times 

• IT platforms linked to the Internet enable 
automated networking, coordination and 
intelligent control of thousands of units for energy 
generation and consumption 

• Traditional energy suppliers and new companies 
who view themselves as IT and energy service 
providers are competing in the quest for new 
business models in the power house of the 
energy transition 

• The anticipated rapid cost degression for battery 
banks will accelerate the digitisation and 
decentralisation of the energy transition and its 
expansion to the mobility and heating sectors

 

The greater the success and the higher the proportion of volatile energy from wind and sun in the supply, 

the more urgent is the question: what happens when the sun is not shining and the wind not blowing? It is an 

obvious question. The reassuring answer is already there: all the technologies and processes for solving this 

central system issue are in principle already available, even for a “100 per cent renewable” future.

Perhaps the most exciting news on the way to the new solar era is not the decentralised character of the new 

energy system after all. This is simply part of the nature of the new key technologies which directly convert 

what nature supplies in the form of – naturally decentralised – sunshine, wind or other renewable energies into 
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usable energy sources. Perhaps the greatest attraction is due to the fact that an energy system built on wind and 

sun can be just as reliable as that based on coal, oil, natural gas and uranium. The claim which every lay person 

can easily grasp, that a system cannot function if it is developed from energy sources which are not always 

available, turns out not only to be too simple an idea, but actually wrong. The new system will meet the energy 

demand just as reliably as the old one.

The property which fundamentally distinguishes the sources of the new energy technologies from the 

traditional ones is “volatility”. The wind blows erratically, the sun only shines through the day and even then 

not all the time. Power from sun and wind is becoming cheaper and more competitive at an undreamed of rate 

compared to the traditional power generation in large fossil or nuclear power plants. But an energy system 

which focuses on these two technologies must cope with the fact than in future there will almost always be 

too much energy available than is required at any one moment or too little. Perhaps the greatest challenge in 

setting up the new energy system is therefore to match the energy supply and energy demand every second of 

every hour, day after day, week after week and year after year.

There is therefore nothing more nor less on the agenda than a complete system change. Because in future 

the demand will not determine the supply – i.e. the operation of the power plant – but demand will also have 

to follow the volatile supply, at least in part. The supply which could previously be turned up or down at the 

press of a button, will in future be volatile, resource-dependent and only able to be influenced by people to 

a limited extent. So when the sun is shining and the wind blowing there is plenty of power available, and 

in future an excess of power in fact. Then consumption and demand must be increased and infrastructures 

created which can store excess power and make it available again at times when the sun has set or the wind 

has dropped away. This reversed principle requires maximum flexibility, sophisticated predictive ability and 

high speed, all things which can only be done with intelligence and the new information and communication 

technologies (IT). 

In the past only consumption had to be predicted. This was comparatively easy, particularly as consumer 

patterns had emerged for weekdays, Saturdays and Sundays and for statistical balancing effects based on 

the size of the market which enabled the electricity demand to be predicted on every weekday, Saturday 

and Sunday at every hour of the day. It was comparatively simple to control a manageable number of power 

plants along these learning curves. This era is coming to an end. In the renewables world based on fluctuating 

energies it will be replaced by a large number of factors. Complex control mechanisms will become essential, 

because it will not just be total consumption which needs to be predicted but also the supply. An additional 

determining factor is the weather which not only varies regionally but also changes very quickly and is hard to 

forecast. When and where will the sun shine, when and where will the wind blow, when will the solar panels 

be covered with snow, when will the clinging morning mist lift – if it ever does? 

The fluctuations in generation have to be measured and the data recorded and analysed – and all in real-time  

if possible. But because generation no longer occurs in only 500 large power plants but in millions of de-

centralised PV systems and wind turbines, even here there are completely new tasks and challenges. Systems 

have to be implemented and communicate with each other. Data capture must take place at a high spatial and 

temporal resolution.
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The standard quarter-hourly values used currently represent a comparatively low temporal resolution. It will 

soon be units of seconds and real-time transmission.

The new situation can best be explained through the example of a household. In the “old market” the elec-

tricity meter for domestic customers had only one job, that being to constantly record the customer’s con-

sumption which was then usually read once a year. In future if the household has its own generation, its own 

storage and its own electric vehicle, then power will not just be consumed and taken from the grid but also fed 

into the grid. The household equipment will also be involved in stabilising and controlling the grid. A number 

of electricity flows will need to be recorded and calculated and not only once a year but every quarter of an 

hour. So one value per household per year turns into four per hour, 96 per day, 2,880 per month and 35,040 

per year. It goes without saying that this can no longer be taken care of by the customer writing down the 

meter reading and then sending it on a postcard to their energy provider.

Digitisation enables remote reading of thousands of values per household. If, in addition to consumption 

values, generation values also have to be recorded for the processes, each household will in future supply over 

70,000 measurement values per year. With around 50 million metering points, this is a fundamentally new 

challenge. Billions of units of data to be accurately processed, correctly assigned, archived and, above all, given 

a meaning for energy management is the job of a digitised energy industry and the service companies who in 

future will provide their services in the power house of the energy transition and keep the system operational.

The degree of maturity achieved by the new renewable energy technologies and their rapidly declining costs 

demonstrate the success of the hardware development of the energy transition. They are the necessary basis 

for it to succeed. But these alone are not enough. The triumphant progress of renewable energies and the – 

not to be forgotten – progress in energy efficiency can only become a turning point in the energy industry 

through the digital revolution, which also calls into question the business models of whole sectors of the 

economy elsewhere. It is not only the quantum leaps in all possible fields of technological development which 

is driving the energy transition but also the fascinating opportunities for its networking and control by means 

of the new information technologies (big data).

In the energy sector we are at the start of a development which will put the transformation in the telecommu-

nication technology – from landline telephone to all-embracing individual networking, everywhere, with 

everyone and everything – in the shade. We are experiencing the coming together of information technology 

and the energy sector. New businesses in the energy sector do not define themselves as energy suppliers but 

in a much more inclusive sense as service providers in the energy field. Their business models are based on 

a constantly increasing amount of data and the ability to match the decentralised energy production of their 

customers with their consumption at all times. In fact these companies are developing into IT platforms for 

coordinating the use of millions of energy generating facilities and in the next step for effectively networking 

the energy sectors of power, heat and mobility which so far have been largely independent of each other. If we 

are not mistaken, in the cleaner new energy world, electrical power will also become the key technology for 

the heating and mobility sectors.
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And a German Federal Ministry of Economy White Paper from March 2015 even states, “The electricity 

market will be the first fully digitised sector of our economy”107. More and more experts now doubt whether 

there will still be a place for traditional energy suppliers in a system of this kind in the long-term. New 

businesses in the energy industry call themselves IT and energy companies or merge into joint ventures 

for decentralised energy management. They coordinate photovoltaic modules and wind turbines with heat 

pumps, thermal storage units and batteries for their private and business clients who, for their part, alternate 

between their roles as energy consumers and energy suppliers. The virtual power station which was still the 

codeword for the utmost progress in the energy scene ten years ago will probably disappear in the much 

more comprehensive IT platforms for coordinating the flow of generation and consumption which are also 

dedicated to the goal of reliably matching energy supply and demand at all times. (see Figure 27: the new 

energy world)

So while the start up companies in a digitised energy sector are working out new business models and trying 

to fit their products to the lifestyle of a completely networked generation culturally habituated to smartphones 

and then smarthomes, increasing numbers of traditional energy suppliers are trying to get a foothold in the 

new era. Some of these do not stop at exchanging their generating base – away from coal and nuclear and 

towards sun and wind – but also work at connecting decentralised prosumers who in future will no longer 

make do with their role as energy consumers.

The largest German energy supplier Eon caused a sensation when, in autumn 2014, it announced its inten-

tion to split the group into a – gradually declining? – company to run the old business (name of the “new 

company”: Uniper)108 and the new Eon for renewable energies, energy networks and customer solutions109. 

This showed clearly where the former flagship of the Germany energy industry considers the energy future  

– and the past – to lie. The fact that Eon reconsidered this step in autumn 2015 for obviously tactical  

reasons changes little110. But in this the Germans are no longer alone by a long way. In France, the country  

of centralism and nuclear energy, amazing things are also happening. In April GDF Suez, the French energy  

corporation which claims to be the largest independent electricity supplier in the world, renamed itself 

Engie111. The new name is seen as the signal for entry into the new era of “miniaturising the energy industry”,  

said Gérard Mestrallet, the long-standing head of the energy corporation, adding: “The new era is decen tra-

lised, carbon-free and digitised”.112

Which technologies and methods have to be applied and when in order to keep the energy supply from the 

sun and wind in balance with the energy demand at all times will be decided in the coming years. What seems 

certain is that it will not be just one method or one technology which supplies the solution for everything. 

However, the magic words for the new energy world are already decided: they are flexibility and networking, 

efficiency and diversity – and everything works together because the digital revolution, as the mother of all 

megatrends, enables their intelligent combination. This will function all the better, the more we succeed in 

breaking down the former boundaries between the energy sectors of power, heat and mobility and linking 

these up with each other.
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 GRID ·  IT-PLATFORM ·  STORAGE ·  RENEWABLE ELECTRICITY AND DIGITAL INFORMATION

Figure 27: The future energy world: 100 % of the electricity comes from renewable sources. To make up for times with low 

wind and sun storage is needed. IT-platforms make electricity “intelligent”. They coordinate between fluctuating electricity 

production, storage and consumption in a digitised electricity market and thus ensure security of supply. 

Night mode: electricity stored  
in the batteries during the day  
is fed into the grid
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This will be helped by closely interwoven distributor networks but also large transnational transmission 

lines for the long-distance transport of electricity. The volatile electricity generation from wind power and 

photovoltaics can be balanced better over larger geographical areas because conventional power plants and, 

increasingly, energy storage for different purposes can be used jointly and therefore more efficiently in the 

combined regions and countries.

It is not only the suppliers of energy who are experiencing an upheaval in their technological and logistical 

base. Energy users are also entering a new world of dealing with the commodity of energy. They will 

increasingly adapt their consumer behaviour to the supply and preferentially buy electricity when it is 

available in excess and can therefore be acquired cheaply and not at times of scarcity and high prices. This 

applies even more to businesses than to private electricity consumers.113

The problem of storing electricity was long considered the Achilles heel of the energy transition. Because it 

is technically complex, because the new system requires different storage technologies for the short, medium 

and long (seasonal) periods, because they were all considered to be too expensive and, after significant 

electricity price increases in recent years for private consumers, business operators and some of the industrial 

users, government shrank back from further potential large price increases. But now relief has come from 

two directions. First, an improved and newly regulated market control and the alteration and expansion of 

the power grid have brought relief – the system requires less storage capacity and then only with large market 

percentages of wind and solar. Second there is a cost development predicted particularly for battery storage 

which is reminiscent of that which has already arrived for photovoltaic.

2015

360 USD/kWh

200 USD/kWh

100 USD/kWh

– 45 %

– 70 %

2020 2025
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Figure 28: Expected cost degression for lithium batteries; Source: UBS, 2014



The major Swiss bank UBS views photovoltaic in combination with batteries and electric cars as disruptive 

technologies which will soon seriously shake up both the energy market and the automotive one. UBS 

researchers are convinced that the mass production of batteries for the fixed and mobility sectors will lead to 

similar steep reductions in price in battery technology as we have seen for the photovoltaic industry. This will 

go a long way to solving the problem of volatility in solar power storage, the UBS analysts believe – at least 

as far as the domestic and commercial sectors are concerned. Private solar energy and mobility systems with 

the photovoltaic panels on the roof, the lithium battery in the basement and the electric car outside the door 

would gain acceptance quickly and without subsidies everywhere where electricity and petrol are expensive 

(for example in Germany) and these kind of systems therefore pay off quickly.

The hope that renewable regeneration combined with batteries could lead more quickly than anticipated 

to a mass phenomenon was given a new boost at the beginning of May 2015 by an announcement from 

the Californian electro car and battery manufacturer Tesla. Tesla presented a new battery storage unit for 

households, trade and middle-sized businesses. The Powerwall Home Battery is designed to assist private and 

commercial customers to make optimum use of the solar energy they have produced themselves. Like the 

future batteries for Tesla electric cars, the system will be manufactured in the new “gigafactory” which Tesla 

is currently constructing with Panasonic in Nevada and will be sold much more cheaply than the domestic 

batteries based on lithium ions made so far.114, 115

In the new energy system excess power during sunny and windy periods will probably not remain excess 

for long, but quickly find new users and applications. The electricity from the roof can charge the battery 

bank for the electric cars or house batteries for operating heat pumps or be used for efficient and carbon-

neutral domestic heating. Energy efficient combined heat and power plants operated using comparatively 

environmentally friendly natural gas can be used for domestic heating or to provide industrial process 

heat and only produce electricity secondarily. These will be fitted with additional heat stores and large-

dimensioned “immersion heaters” for using excess power (power-to-heat) in order to be able to supply 

customised power and heat when it is really needed.

The authors of the UBS study mentioned above do not deny that, according to their analysis, there will 

be winners and losers amongst the energy suppliers in the transition to the decentralised energy system. 

According to this the losers will tend to be the large companies with the bulk of their power generation in 

central and inflexible power plants, the winners will be smaller more flexible energy service providers with 

many customers and direct access to customers and the opportunity of offering various energy-related 

services aimed at a range of customer needs.
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Megatrends by nature do not change suddenly. If this were not so, then they would not be megatrends. The 

developments on the energy markets identified here and observable all over the world also behave in this 

manner. The megatrends described point to epochal changes which can no longer be reversed. As in Germany, 

one of the most important starting points for the global energy transition, on a world scale it is now no longer 

a matter of whether the energy transition will happen, but only how. And of course when.

This is the crucial point, because the fate of the human race and along with it the natural environment as 

we know it depends on the question of when and how quickly we can limit climate change to a level which 

is controllable and bearable for human beings, and avoid further devastating nuclear disasters like those in 

Chernobyl and Fukushima.

There is no question that renewable energies and their efficient use are the future. They are largely developed 

and have proved their suitability. What is not decided is whether the new low-risk technologies will take over 

the global energy supply to a sufficient extent and the sustainable energy supply gain acceptance around the 

world for a globally sustainable energy system to result. An energy system that has the potential to make the 

world more peaceful and more just. Everything is in favour of this in principle. But the forces of inertia of the 

old interests are still powerful and influential. If they do not adapt in time they will have a lot to loose.

But the energy transition now, when it is obviously turning into a global movement, is even less of a foregone 

conclusion at a global scale. To be successful, the transformation to a sustainable energy system requires 

a decisive, clever, effective and ultimately vigilant policy everywhere. And a civil society and progressive 

businesses who pursue the policy with determination. Even if this is successful, the energy transition remains 

a race against time. Its outcome addresses and answers the big questions: for example whether, despite the 

multiplicity of conflicting interests, a growing population in a globalised world is in a position to make 

appropriate strategic decisions on existential questions. It is unquestionably a matter of global historic 

developments which point far beyond the resolutions of the 21st world climate conference in Paris. But  

these must form an initial important step. For this generation and all subsequent ones.
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