
１．Introduction

　During the 21st century electricity production from 

renewable energy has grown at accelerating speed as 

accumulating industrial experience has decreased costs. 

This process was predicted in a book, “Experience 

Curves for Energy Technology Policy” by Clas-Otto 

Wene, published by the OECD in the year 2000１）. Wene 

described how solar and wind utilizing technologies had 

the potential to produce cheap electricity and suggested 

that if countries subsidize the industries while they 

were still expensive, the costs will fall to the level where 

the further growth would be driven by simple market 

competitiveness.

　Some countries did so. Especially in Europe, and 

most remarkably substantial support to solar and wind 

development was provided in Germany where the 

successful ambition has been to grow the electricity 

production of electricity from renewable energy fast 

enough to be able to simultaneously decrease the use of 

fossil fuels and completely end the operation of nuclear 

power plants ２）.

　All over Europe renewable energy use has increased, 

and targets are not only set at national level but also 

by the European Union. For the European Union the 

ambitions are increasingly important. The European 

Union is, like Japan, dependent on importing fossil 

fuels and uranium. The most important supplier has 

been Russia, and this dependence has been particularly 

frustrating since Russia started to invade Ukraine ３）.

２．Some factors behind the European success 

　The European Union is based on cooperation between 

European countries based on transparent fair competition 

between all companies in the region disregarding 

national borders. This requires regulation that must 

be respected by all member states４）. In the electricity 

markets this has been a challenging reform, as electricity 

was traditionally considered to be of national importance 

and the idea of allowing power plants in other countries 

to compete was not easily accepted by all.

　But more important was that rules prescribing 

open, fair competition provided for new decentralized 

electricity production outcompete the large-scale 

centralized generations controlled by the traditional 

electricity companies.

　One of the principles of the electricity market is 

separation of the control of the electricity transmission 

system and the operation of electricity production. 

Electricity generators who want to connect to and use 

the electricity grid must fulfill some technical criteria 

regardless of what energy sources or technologies they use.

　Trading electricity between producers and customers 

require a party to be balance responsible and 

economically responsible for the customers using the 

same amount of electric power as the producer provide 

at the same time. The transmission system operator is 

relying on a transparent short term balancing market 

to ensure balance, while the costs for these short-term 

balancing is passed on to the balance responsible actors 

who have failed to meet, they balance responsibility.

　Unlike what some expected, the predictable variation 

of solar and wind power has proven easier to manage at 

low cost while the large and unpredicted failure of large 

nuclear and coal fired generators result in large costs for 

balancing large imbalance situation bring at short notice.

　The stabilization of frequency and voltage in the 

very short fraction of a second to minute timescale 

is also technically important to manage. Traditionally 

this has been managed partly by the kinetic energy 

directly connected to the electricity grid via synchronous 

generators.

　But with the development of battery technologies 

and power electronics, when this is no longer an 
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internal matter for power companies by dealt with by 

transmission system operators using an open transparent 

market the stabilizing services are increasingly provided 

by batteries and power electronics in connection with 

solar or wind installations. This is not only a European 

development, but also well known in the US ５）, and in 

Australia ６）. Further it is not only in theory, but also in 

practice ７）.

　It has become obvious that the stabilizing energy 

provided by“rotating mass”, or“inertia”of the old 

generators is small compared to what can be provided 

by batteries. In the ongoing auction for fast frequency 

response held by the Swedish transmission system 

operator, one integrator is offering half the purchased 

stability based on coordinated, privately owned, batteries８）.

　The total cost of wind power in northern Europa 

has now fallen to a level that is lower the world market 

price of oil, often lower than the price of fossil gas and 

sometimes even lower that coal. If the European cost of 

CO2 -emissions is included it is generally true, that wind 

electricity is cheaper per unit energy than the fossil fuels９）.

　As a result, several projects are in operation or under 

construction where fossil free electricity is used to 

produce fuels replacing fossil fuels. This happens in the 

steel industry with HYBRIT® and H2 Green Steel, but 

also for production of shipping fuels10）, and as feed stock 

for the traditionally fossil supplied chemical industry11）.

　The operation of such plants, producing fuels from 

electricity, is price sensitive：When electricity cost more 

than fuels they will not operate. As a result, they will 

contribute to the balancing of the electricity system. In 

the longer term the replacement of fossil fuels outside 

the electricity system will make the balancing of the 

electricity system itself easier12）. The understanding of 

this potential transition of the entire energy system has 

motivated the EU to develop a strategy for hydrogen 

development13）.

３．Conclusion

　The success in making the predicted cost reduction 

into reality has not only made the replacement of fossil 

fuels in electricity generation economically beneficial 

but also opened for the replacement of fossil fuels in the 

whole energy system.
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