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ABSTRACT. 

The energy crises in 1973 and 1979 were an eye-opener for western society and not least for 
Denmark. 

Many things changed in Denmark after 1973. Legislation forced the Danes to save energy, and 
many people and companies started new initiatives. E.g. three companies (NEG, Micon & Vetsas) 
started the production of wind turbines and became world leaders. Others, e.g. Danish 
Technological Institute and Denmark’s Technical University did much research about biogas and 
biomass and several producers of solar heating systems came into existence. 

Before these changes, Denmark had been a pioneer in the field of district heating and combined 
heat and power production. Those technologies, especially when they are combined, can cause 
big energy savings. Today, Denmark is a leader in this field, and much of the fuel for district 
heating and combined heat and power production comes from waste and biomass.  

Transport is consuming much energy. Denmark has a long tradition for cycling and authorities are 
increasingly encouraging people to go by bike and to buy cars with low fuel consumption. 

The new Danish government and the Danish parliament have recently agreed about a very 
ambitious plan that will cut down CO2 emissions with 34 % in 2020, first of all by increased use of 
wind energy and biomass.  

 

1. BACKGROUND. 

Since the beginning of industrialisation, the western world has based its economy on cheap energy 
from fossil fuels. However, the outbreak of the war between Israel and Egypt/Syria in 1973 made 
OPEC cut down the oil production which caused an oil crisis and higher fuel prices. A similar thing 
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happened in 1979 when the Shah left Iran and the ayatollahs took over. The higher oil prices and 
the awareness of an insecure oil supply were a warning and an eye-opener for western society and 
not least for Denmark. 

After 1973, many things changed in Denmark. Legislation encourage/forced people to save 
energy, e.g. there came rules about more energy efficient buildings, subsidies to sustainable 
energy and general speed limits. By the way, the side effect of the speed limits was that the 
number of people killed in traffic went down from 1213 in 1971 [1] to 766 in 1974 [2]. However, the 
most important change was that the mindset of people changed; a big part of the Danes became 
aware of the fact that the resources are not unlimited. 

2. SOLAR ENERGY. 

2.1 Danish producers of solar heating systems. 

After 1973, several Danish producers of solar heating systems came into existence. Batec was 
founded in 1975 [3] and has for many years in Denmark had a market share around 40 % for 
systems for private houses and 70 % of “project systems” (hospitals, sports centres etc.) [16]. 
Batec is exporting between 10 and 15 % of their production to countries all over the world, and the 
export has been increasing for several years. 

Another big producer is Arcon, founded in 1974. Arcon has specialised on very big plants, e.g. for 
district heating, and is market leader in this field. Their first plant for district heating (1000 m2) was 
for Saltum, a village with many tourists in the summertime, and they have made many very big 
plants [5]. E.g. on the island Ærø the solar heating system for district heating is 18,365 m2 and is 
planned to increase to 33.000 m2 [7]. . 

A third big player is Velux/VKR Holding, initially a big producer of roof windows. In 1998 Velux/VKR 
Holding founded the company Solarcap and bought Arcon. They have bought several other 
companies, e.g. Sonnenkraft and are expanding very aggressively, planning to become world 
leader. 

2.1 The situation for solar energy in Denmark. 

The Danish climate is not ideal for solar heating, but partly because of subsidies, there are around 
30,000 solar heating plants in Denmark and the number is increasing [8]. Most of them are on the 
roofs of private houses and provide them with hot water. In the summer, they can usually cover all 
the energy for hot water so that the boiler can be turned off. In the rest of the year, solar energy 
can also save energy because the water can be preheated before it goes to the boiler. As a total, 
60 – 70 % of the energy for hot water can be supplied by solar energy [9]. A few houses are also 
utilising solar energy for room heating.  

Unfortunately, we don’t get the biggest part of the solar energy when we need it, and the amount of 
sunshine is changing and unpredictable. Consequently, the energy has to be stored; in most cases 
the energy storage is a big water tank. The bigger, the more energy can be stored, and the relative 
heat loss will get smaller. (Better ratio between volume and surface.) However, the size of the 
water tank must correspond to the size of the solar collector to avoid boiling water or insufficiently 
heated water. For this reason, big plants are more efficient than small plants, but a solar heating 
system must not be too big. A too big system is expensive, and if the heat production is too big, the 



water will boil. Consequently, there have been constructed many very big plants in Denmark 
providing energy for district heating. E.g. the town Marstal has a solar heating system with a solar 
collector that was 18,000 m2 in 2002 and now is being enlarged to 33,000 m2 [10]. Many other big 
plants for district heating have been or are being constructed e.g. in Hillerød, Løgumkloster and 
Dronningelund. 

3. WIND ENERGY. 

3.1. Danish producers of wind turbines. 

After the oil crisis in November 1973, teachers and students at “Tvind”, a folk high school, 
constructed a wind turbine from 1975 to 1978. Its tower is 53 m high and the diameter of the wings 
is 54 m, a huge wind turbine in 1975! Its capacity should be 2 MW, but being constructed by 
amateurs, it had various weaknesses and could “only” produce 960 kW [11]. Anyway, it is still 
producing electricity and it opened a new era of wind energy in Denmark. Many small producers of 
wind turbines came into being and disappeared, and in the early 80’s, there were still 20 of them. 
Some of them disappeared and others amalgamated, so the number went down and only a few 
very big companies are left today. 

The biggest producer of wind turbines is Vestas that today has 12.7 % of the total world market 
[12] and in 2008 had 51 % of the offshore wind market [13]. Today, Vestas is a merger of three big, 
Danish companies: Vestas, NEG and Micon. Vestas and NEG both started the production of wind 
turbines in 1979, and Micon started in 1983. In 1997, NEG and Micon merged and became NEG 
Micon. In 2004 they merged with Vestas and this new, big company had at this time constructed 
10,000 wind turbines in 38 countries worldwide covering 20 % of the global wind energy production 
[14]. Vestas had been constantly growing, but thanks to other companies that entered the market, 
their market share has been decreasing. After the merger in 2004, Vestas had 33 % of the world 
market; in 2007 its share was 23 % [15]. It is still the biggest wind turbine producer worldwide [12]. 

Another big, Danish company was Bonus Energy, founded in 1979. Bonus energy were pioneers in 
offshore wind turbines and installed the world’s first offshore wind turbine park in 1991 and in 2003, 
they had installed a wind turbine park with a capacity of 166 MW at Nysted in Denmark, the biggest 
in the world so far [17]. In 2004, the big German company Siemens wanted to be a world leader in 
wind energy and bought Bonus Energy [18]. The new company is called Siemens Wind Power and 
is still situated in Denmark. In 2011 Siemens Wind Power had a global market share of 6.3 % and 
is number 9 in the global market [12]. Their market share of the global offshore market is 43 % 
[13]. 

Denmark has been a pioneer in wind energy. In 2002, the Danish producers had around 50 % of 
the world market [19]. Since then, the number of producers worldwide has increased dramatically 
and today the market share of the Danish companies is 19 % [12]. However, it is difficult to 
compare. In most countries money comes from the produced electricity, but in China subsidies 
come from the amount of installed wind turbines. Some of the big competitors are Chinese, and 
because of the way they are subsidised, many of their wind turbines have only been producing 
electricity for a short period. They seem to be built in order of getting the subsidies, not to produce 
electricity.  



Denmark has especially been a pioneer in offshore wind energy. There are many restrictions 
related to wind turbines on land, e.g. noise, and the wind is stronger at sea. Consequently, it 
makes sense to construct offshore wind turbines, although they are more expensive. A big part of 
the Danish wind turbines are placed offshore and the Danish companies had 94 % of the offshore 
market in 2008 [13]. It has not been without problems, especially for Vestas because the 
gearboxes (delivered by ZF) were not proof against the salty environment. 

3.2. The situation for wind energy in Denmark. 

From 1990 to 2010 the energy production from Danish wind turbines has been steadily increasing 
from 2,197 to 28,114 TJ corresponding to 20.7 % of the electricity in 2010 [20]. The government is 
planning to increase it to 49.5 % in 2020 [21], but it is very difficult to control such a big production 
of electricity from the unpredictable wind. The electricity is not always produced when it is needed, 
and in some periods the electricity has been sent to neighbouring countries without any payment. 
Consequently, many things have been and will be done to overcome the problems of the 
uncontrollable wind energy. First of all, a 600 MW cable connecting eastern and western Denmark 
has been constructed, and after that the excessive wind energy from especially Jutland has been 
utilised in Zealand and not wasted or sold for almost nothing to neighbouring countries. 

Another option that is being analysed is a “smart grid” that to a higher extend can utilise the 
electricity when there is a high production of wind energy. E.g. charging of batteries of electric cars 
could encourage the consumers to utilise electricity when it is suitable. Electrical cars could 
reinforce the effect of smart grids. 

4. BIO MASS. 

4.1. Bio mass in general 

From 1980 to 2010, the total production of energy from bio mass including bio gas went up from 
23,568 TJ/year to 97,896 TJ/year. The total Danish energy consumption was 846,427 TJ/year in 
2010, so 11.6 % of the energy came from bio mass and bio gas. The biggest contributions came 
(bio gas not included) from various kinds of wood (45,775 TJ), straw (23,851 (TJ) and 
biodegradable waste (22,377 TJ) [20]. 

4.2. Bio gas. 

After 1973,  

 

 
 
 

  

 

 



 

 

 

 

 

 

 


