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1. Introduction 

Mitigation of the present global warming is a central challenge for a sustainable energy 
development. A major part of the global warming and the resulting climate change is due to 
combustion of fossil fuels with emission of CO2 as a dominating greenhouse gas (GHG).  
The Intergovernmental Panel on Climate Change (IPCC) is analyzing the global climate 
changes and its findings have been published in a series of reports since 1991. Each report 
takes several years of preparation and the consequences of global warming have turned out 
to appear faster than foreseen in the latest report [IPCC 2007]. Several experts are estimating 
that irreversible ”tipping points” are only few years ahead [Hansen et al. 2008, Kopp et al. 
2009]. As a consequence they propose that the goal for the future CO2 concentration in the 
atmosphere should be as low as 350 ppm compared to the value in 2009 of about 387 ppm. 
A recent report from the National Research Council in the US has pointed out that the global 
warming will continue for several hundred years even if the GHG concentration is 
stabilized at the present level [National Research Council 2010]. 
So far, strategies for mitigation of global warming have mostly focused on technological 
solutions e.g. promotion of renewable energy sources (RES) on the supply side and energy 
efficiency on the demand side. Less attention has been given to potential contributions from 
changes in lifestyle and alternative economic, institutional and social systems.  
Despite long and tedious preparations for COP15 in Copenhagen in December 2009, the 
final result [Copenhagen Accord 2009] lacked concrete commitments for reduction of GHGs 
after 2012 when the Kyoto Protocol expires. Moreover, the Copenhagen Accord is only an offer 
of co-operation that individual nations can choose to support. A specified goal of maximum  
2 degrees increase in global mean temperature was included in the Copenhagen Accord but 
concrete policy means to attain the goal were missing. Recent analyses indicate that this goal 
will require that about half of present fossil reserves, especially coal, should remain under 
ground [Meinshousen et al. 2009 ]. No reference to such a requirement was included in the 
Copenhagen Accord. 
For simplicity, this chapter focuses on CO2 emission from fossil fuels as a dominant 
contributor to climate change, but CO2 from deforestation as well as emission of methane 
(CH4), laughing gas (N2O) and a number of industrial GHGs should be included in a more 
comprehensive analysis.  
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If the global energy supply system including fuels for the transport sector was completely 
based on RES a significant part of the problems in relation to climate change could be 
eliminated. However, even the most optimistic energy experts do not expect this to be the 
case before the second half of this century, if then. This may well be too late to avoid serious 
disruptions of the global climate system, likely to be accelerated by exceeding the so-called 
“tipping points” with positive feed-back effects and irreversible consequences. One example 
is the release of large quantities of the potent GHG methane (CH4) now frozen in tundras in 
arctic areas. New data refer to an accelerating increase in the CH4 concentration in the 
atmosphere since 2007 [Dlugokencky and Nisbet 2010]. 
It should be added that in practice the global potential of RES for energy supply is not 
unlimited and not without environmental impact. With a growing world population and a 
growing demand for energy services the practical potential for supply systems based on 
RES will eventually meet its limits [Trainer 2001]. Furthermore, even if a clean and infinite 
energy source became available, this might lead to an unrestricted exploitation and 
pollution of nature with significant losses of natural habitat and biodiversity. 
This chapter will address both technological strategies for mitigation of climate change and 
policy questions such as economic systems, limits to growth, population policies, national 
and international equity, and alternative employment policies.  
The chapter is focusing on developments in affluent countries, such as those in OECD, with 
the aim of leaving more environmental space for the less developed countries, where growth 
in material living standard is often a more pressing goal.  

2. Main factors behind climate change 

The main factors behind the present climate change are the growing world population, the 
material consumption per person and the eco-impact per unit of this consumption. This may 
be described by the following simple equation: 

I = P * A * T, 

where I denotes the Impact on the environment, P is Population, A is Affluence in the sense 
of general consumption per person, and T is a Technological factor representing the eco-
impact per consumption provided [Ehrlich & Holdren 1971]. These factors are the basis for 
mitigation of the climate change.   
Growth in any one of these three factors will tend to push upwards the total impact, while a 
decrease will have the opposite effect. In affluent countries solutions are almost as a rule 
sought in the T-factor, while the two other factors are ignored or even encouraged to grow.  
A number of theoretical and practical policy concerns for mitigation of global warming are 
summarized in the following and more details are given in [Daly 2007 and Meyer et al. 
2010].  

2.1 Limits to growth and sustainable development: 

Over the last century, development of economics as a discipline has increasingly, with few 
exceptions, been dominated by a perception of living in an unlimited world with unlimited 
resources and pollution drains. Resource and pollution problems in one area were supposed 
to be solved by moving production or people to cleaner and more resource rich parts of the 
world. The very hint of an overall global limitation as suggested in the report “The Limits to 
Growth” [Meadows et al. 1972] has generally been met with disbelief and rejection by 
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businesses and most economists. However, this rejection was mostly based on false 
premises as further discussed below. 
An early case of concern for sustainable development is published by John Stuart Mill in his 
chapter “Of the Stationary State” [Mill 1900]. In contrast to most of his contemporary economic 
colleagues he welcomed and defended the stationary state: “It is scarcely necessary to remark 
that a stationary condition of capital and population implies no stationary state of human 
improvement”. This line of thought is reflected in to-days controversy between economic 
schools where ecological economists distinguish between growth and development while the 
dominating neoclassical school of economics typically uses the two concepts as near synonyms 
both related to growth in GDP. This is elaborated in more detail in the following.   
It has been a barrier for a rational and enlightened discussion that the concepts of growth and 
sustainable development are used in different and often somewhat conflicting ways. While 
neoclassical economists typically focus on growth in GDP, modern ecological economics is 
concerned with physical throughput in economics. In relation to sustainability neoclassical 
economists require that the utility of future generations is to be non-declining while ecological 
economists claim that throughput should be sustained. A detailed description of the conflicting 
use of the concepts is given by Herman Daly in a series of papers [Daly 2007].   
Through the 1960s a number of studies revealed the hitherto ignored human and 
environmental costs of the GDP growth, and in the early 1970s several reports questioned 
the net blessings of continuing this path [e.g. Schumacher 1973, Goldsmidt et al. 1972]. One 
of the more extensive studies was initiated by The Club of Rome, resulting in the 1972 report 
The Limits to Growth (LtG) [Meadows et al. 1972]. The study’s results are based on an 
aggregated computer model, simulating the global development in population, food 
production, use of non-renewable resources like fossil fuels, industrial output, and in 
pollution such as the emission of CO2. A key feature of the model is the interactions between 
these parameters and the delays in the consequences.  
The basic conclusion of the LtG report was that continuation of the growth policies in 
population, industrialization, pollution, food production, and consumption of non-
renewable resources would most likely lead to some kind of collapse during the 21th 
century, due to resource scarcity, over-pollution, and over-population. Although this 
catastrophic growth scenario got most attention, alternative scenarios were also presented in 
the report, including one, which illustrates that it is possible to change course and reach an 
environmentally sustainable development path, at the same time satisfying all people’s 
physical needs. Finally, the report stressed that due to delays in natural and man-made 
systems, it is essential for achievement of sustainability that global society acts before the 
environment undergoes irreversible changes and forces undesired changes upon us. 
Many critics of the report focused exclusively on the growth and collapse scenario, and stated 
in the 1990s that the collapse had failed to materialize. However, this scenario in LtG finds the 
collapse to occur decades later [Nørgård et al. 2010]. The recent recognition of global warming 
from increasing CO2 concentration in the atmosphere and an approaching peak in oil supply 
fits rather well with the growth scenario in LtG. Thus, the real developments in the main 
parameters in LtG have followed quite closely the main trends in the report’s standard 
scenario, which leads to collapse around 2040 [van Vuuren 2009, Turner 2009]. This underlines 
the fact that the basic structure and drivers of the global economy have not changed. Not 
surprisingly, recent environmental reports have presented concepts and warnings similar to 
those in LtG [Rockström et al. 2009]. Thus, in today’s debates on strategies for sustainable 
development it would be wise to revisit the analysis of the original 1972 version of LtG and its 
two later revisions [Meadows et al. 1992, Meadows et al. 2004]. 
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2.2 Standard neoclassical economics versus ecological economics: 

Standard neoclassical economics (SNE) is based on an isolated economic system with 

circular flow of production and consumption. In contrast to this, ecological economics (EE) 

considers economy as an open subsystem of a finite, non-growing biosphere that is closed 

with respect to matter but open to a (non-growing) flow of solar energy. A detailed analysis 

of the differences between the two economic schools has been given by Herman Daly [Daly 

2007]. A summary of the main features related to sustainable development follows.  

SNE is primarily focused on efficient allocation of resources with minor attention to 

distribution and typically no attention to scale. EE focuses first on the sustainability of the 

economic scale and its material through-put. Second priority is given to a just distribution 

while efficient allocation is positioned lower as a third priority.  

SNE is mainly concerned with the variation of a narrowly defined GDP where depletion of 

natural capital and a number of pollution effects are not included as costs in the accounting. 

EE points out that growth in GDP may result in uneconomic growth due to depletion of 

natural capital and pollution effects. The tendency to uneconomic growth is already 

observed in some OECD countries [Daly 2007]. 

In recent times a number of studies by economists and other researchers have revealed that 

in societies where citizens’ basic needs are met, further income and consumption seems not 

to increase people’s satisfaction and happiness [Jackson 2009, Jackson 2005, Nørgård 2006]. 

In other words, in affluent parts of the world, continued growth in GDP is not necessary for 

a good life. Two Nobel laureates in economics, Joseph Stiglitz and Amartya Sen, stated in 

their key message in a commission report to the French President Nicolas Sarkozy that “the 
time is ripe for our measurement system to shift emphasis from measuring economic production to 

measuring people’s well-being” [Stiglitz et al. 2009]. Such a policy shift would be a constructive 

step in the promotion of sustainable development.  

SNE favors global economic integration based on free trade and free capital mobility with 

reference to the classical argument of “comparative advantage”.  EE points out that the 

classical model did not include free capital movement and that internalization of 

environmental costs tends to be given low priority in a global competition to cut costs and 

attract capital.  

An important sustainability question is related to the concern for intergenerational balance. 

In standard macroeconomic modeling this is often settled by introducing discount factors 

for future economic events. However, discount factors of 4 % or higher mean that the 

welfare of future generations is given low priority. Nevertheless, a number of governments 

in OECD countries have officially announced discount factors in this range. EE points out 

that intergenerational balance cannot be satisfied by such a simple technical factor in 

economic models. The intergenerational distribution problem is a complex one and should 

take into account that different generations have different goals and priorities. The focus 

should not be on efficient allocation but on keeping flexible choices and opportunities open 

for future generations.  

The above examples of the differences between SNE and EE should make it clear that the 

dominating economic school (SNE) is a serious barrier for the promotion of sustainable 

development. A change in economic policy is required where the principles of ecological 

economy are given much higher priority. This is not a sufficient condition for sustainable 

development but a necessary condition.  
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2.3  Population growth:  
Over the last five decades world population has grown from about three to around seven 
billion. Most of this growth has occurred - and still occurs - in countries with a low CO2-
emission per person. However, in a future where people in these countries are expected to 
improve their material welfare, the number of people will play a significant role in global 
environmental problems. According to official UN estimates, world population with no new 
measures is projected to grow to around 9 billion by 2050 [The Population Council 1998]. 
In many parts of the Western world population is slowly declining. Government policies in 
these densely populated, high CO2 emitting, countries often encourage higher birth rates 
rather than lower, however. Most of the global population growth will, nevertheless, take 
place in the developing world where current energy consumption per capita is much lower 
than in industrial countries. In recent decades a number of developing countries, especially 
in the Asian region, have successfully reduced birth rates to around 2.0 or below [UN 
Population Div. 2008, Mason 2001]. In general this has been associated with a better material 
standard of living and better education of the female part of the population.  
Fortunately the development of world population is characterized by a large flexibility in 
options over the long term. Population control is, however, a sensitive issue, and coercive 
policies often conflict with basic principles of personal freedom. Similarly, birth control may 
conflict with traditions and religious beliefs. Nevertheless, population policy should be part 
of any climate change policy  

2.4 Economic and social equity: 
Lack of economic equity nationally and between nations is an important driving force for 
economic growth. A general argument is that economic growth is needed in order to create 
more equity, in spite of the fact that in many countries economic growth has actually 
resulted in less equity.  
Economic growth in its present form creates a number of problems for sustainability as 
described above. At the same time, as expressed by the historian Tony Judt: “It is the 
growing inequality in and between societies that generates so many social pathologies” [Judt 
2010]. Thus, the goal of more equity should be decoupled from the general policy of 
economic growth and solved by redistribution of wealth and social rights. This will tend to 
acknowledge and promote economic satiation in affluent societies. 
Recognition of a world with limited natural resources will make demands for equal right to 
the use of these resources more morally and politically legitimate. The complex coupling 
between inequity, economic growth and sustainability is often overlooked in international 
negotiations concerning sustainability.  

2.5 Liberalized markets: 
Commercial markets typically have relatively short time horizons e.g. demanding less than 
five years pay-back time for investments. In contrast to this, desired radical changes of the 
energy supply systems require planning horizons of 50 years or more. If this is not taken 
into account, short-sighted investments based on market competition may block necessary 
long-term solutions. Investments in new coal plants without carbon capture and storage (CCS) 
and in oil production from tar sand are examples of this. 
New systems thinking is needed, in some cases requiring that planning and promotion of 
investments in vital sectors are transferred from the commercial market to government 
institutions. This applies in particular to an energy sector which has a goal of sustainable 
development. 
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2.6 Fear of unemployment:  

One of the main arguments for continued economic growth is based on the experience, that 
in OECD countries the productivity in the production sector, and to a certain degree also in 
the service sector, generally increases by about 2 % or more per year. The assumption is that 
without economic growth this would create more unemployment. This assumption 
overlooks the flexibility of the employment concept. Rather than considering a lower 
demand for the workforce due to increased labor productivity as a problem, it should be 
considered as a blessing due to its associated possibility for an increase in general welfare. A 
constructive solution to the unemployment problem may be a paid work- sharing program 
with fewer working hours per week or more vacations.  
Other studies focusing on how little labor is needed to provide a decent material standard of 
living, typically conclude that one or two days of work per week is sufficient (e.g., Gorz 
1983). Flexible parameters in this connection are the weekly working hours, the length of 
vacations, the system of sabbatical leave and the concept of basic income or citizens salary 
[Meyer et al. 1981]. 

3. Energy supply based on renewable energy sources 

In the time perspective of centuries the sustainability criteria require that global energy 
supply is based on renewable energy sources (RES). However, as mentioned in the 
Introduction, the transition to an energy supply based on RES cannot wait for centuries due 
to global climate change from combustion of fossil fuels and to the approaching “peak oil”. 
Thus, if the precautionary principle is taken seriously, this transition should take place 
before the middle of the present century. This represents an enormous technological 
challenge requiring new kinds of systems thinking especially in relation to systems based on 
intermittent RES like solar, wind and waves etc. This section is focused on wind power as 
one of the significant intermittent global sources for electricity production.  
Denmark is used as case study based on its position as a pioneering country in the 
promotion of modern wind power. One important aspect is the long historical development 
of the sector in Denmark, which may be traced back to the 1890s [Rasmussen 1987, Grubb 
and Meyer 1993, Meyer 1995]. This period culminated with the Danish 200 kW Gedser Mill, 
in operation from 1959 to 1967 [Rasmussen 1987]. The operation was successful, and the 
Gedser Mill became the mother of modern Danish wind turbines in the 1970s characterized 
by three blades on a horizontal axis in an upwind position. 
This concept was further developed by a number of small Danish industrial entrepreneurs 
from the mid-1970s, starting with small turbines (typically rated at about 22 kW). While 
most of these small firms were economically weak a few of them survived and ended up as 
global leaders of wind turbine production, e.g. the Danish company Vestas. A comparison 
between wind power penetration in different European countries has shown that the 
existence of a national wind turbine production is an important factor [Meyer 2007]. 
The Danish wind power development had early support from acknowledged institutions 
like the Danish Academy of Technical Sciences (Danish Academy 1975, 1976] and from 
government programs. This included a test and certification facility. The Danish utilities 
were generally skeptical about the prospects of Danish wind power but were involved in a 
few programs in the 1970s. 
In the mid-1970s, Danish government commitment to rapid introduction of nuclear power 
led to significant debate about alternatives.  The debate on nuclear energy versus renewable 
continued for about a decade [Beuse et al. 2000], but was terminated in 1985, when the 
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Danish parliament decided that nuclear energy should not be an element of the country’s 
future energy supply. At this time, Danish energy policy was getting ripe for more focus on 
RES in the electricity system.  

3.1 Danish energy policies and targets 

The Danish strategy for promotion of wind power in the period from the mid seventies to 
the mid nineties has combined a number of different elements: 
• long-term government support for research, development and demonstration; 
• national tests and certification of wind turbines; 
• government sponsored wind energy resource surveys (wind atlases); 
• subsidies, feed-in tariffs and regulations; 
• local ownership of wind turbines and careful selection of sites. 
These elements will be discussed in more detail in the following.  
The shift in the focus of Danish energy policy after 1985 was confirmed by new official 
energy plans in 1990 [Danish Ministry of Energy 1990] and 1996 [Danish Ministry of 
Environment and Energy 1996]. Now, the overall goal of Danish energy policy was to create 
a sustainable energy system and reduce GHG emission. Policy strongly promoted the 
development of RES and the expansion of electricity generation based on renewable energy 
sources. The specific target for RES in these plans was 12-14 % of primary energy by 2005 
and 35 % coverage by 2030. 
Wind power was given an important role in these plans with targets for installed capacity of 
around 1500 MW in 2005 and 5500 MW in 2030, covering 10 % and up to 50 % of Danish 
electricity consumption, respectively. The 2030 target includes 4000 MW of offshore wind 
capacity.  
In practice, the 2005 target was exceeded by a factor of two by 2003, with installed wind 
power capacity of around 3000 MW. This corresponds to nearly 19 % of Danish electricity 
consumption. Since then, the growth of installed wind capacity has stagnated due to a 
change in energy policy. The mechanisms behind this development of growth and 
subsequent stagnation are analyzed in more detail in the following.    

3.2 Research, development and resource assessment 

A marked feature of Danish wind power development is its “safe” technical path, with a 
gradual increase in turbine size based on improvements of the same basic design, starting 
with typical rated powers of about 20 kW in the mid-1970s and leading to MW capacities 
today. Establishing market credibility was integral to this approach. A machine-testing 
program was established at Risø National Laboratories in 1978. About a year later, a formal 
certification procedure was added. This program has been essential in preventing sub-
standard technologies from being marketed both at home and abroad, presenting a marked 
contrast with California in the early 1980s, where early expansion born of generous financial 
incentives foundered on the poor reliability of the machines installed [van Est 1999]. 
A further component to Denmark’s supportive developmental context was the publication in 
1981 of a wind atlas for Denmark, based on the pioneering work of E. L. Petersen and co-workers 
at Risø National Laboratories [Petersen et al. 1981]. Computational procedures described in the 
atlas made it possible to estimate the wind distribution over heterogeneous terrain and to map 
the wind energy resource with higher accuracy than from general meteorological data. This 
enabled an extensive national assessment study on sites for wind turbines to be conducted 
from 1981 to 1986 by Danish authorities [Danish Energy Authority 1986]. 
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In 1982 a government committee was established for promoting energy systems based on 
RES, including wind, solar and biomass. In the late 1980s, the committee promoted new 
programs of offshore wind farms in order to overcome the foreseen obstacles for land-based 
turbines (see below).The total funding for RES from the committee during its nine years of 
operation amounted to about 30 million €.  

3.3 Economic support schemes 

From 1979, private citizens who installed certified wind turbines were reimbursed 30 % of 
the turbine’s purchase price by the Danish government. As wind power economic improved 
during the 1980s, the investment subsidy was gradually reduced to 10 %. In 1989, it was 
finally eliminated after a total investment subsidy of about 280 million DKK (37 million €) 
contributing to the installation of about 300 MW rated wind power.  
After a number of disagreements between utilities and wind power producers over 
conditions for grid connection and tariffs, regulations were introduced by the Danish 
government in 1992. This included a feed-in tariff which was fixed at 85 % of the utility 
production and distribution costs. On top of the feed-in tariff from the utilities, the private 
wind power producers would receive a tax refund (“environmental premium”) of 0.27 DKK 
per kWh (3.6 eurocents per kWh). After a drop in the yearly growth of wind capacity in the 
early 1990s, this initiated a strong growth in land-based wind capacity in the last part of the 
1990s (Figure 1). 
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Fig. 1. Yearly growth in number of turbines in Denmark (bars) and annual installed capacity 
(line) from 1977 to 2005 (Danish Energy Authority). From 2005 to 2010 the net annual 
increase in capacity has been close to zero due to a change in government policy. 

The success of wind power in Denmark and other European countries like Germany and 
Spain is mainly due to the so-called Feed-In Tariffs (FITs) where owners of wind turbines 
are guaranteed a favorable tariff on a long term basis, often combined with priority access to 
the grid. The same type of scheme may be used for other intermittent RES like PV and wave 
power. Flexibility may be introduced by yearly reductions in the tariffs for new plants as the 
technology matures [Bechberger &Reiche 2007]. 
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A competing scheme in Europe is called Trading of Green Certificates (TGC) with 
certificates issued to individual wind power producers in accordance with a specified 
government target for the total national wind power production and with sanctions to 
utilities if the target is not fulfilled. In the US this scheme is called Renewables Portofolio 
Standard (RPS). A comparison of the European and the US experiences may be found in 
[Rickerson & Grace 2007].      
Neither the FIT nor the TGC operates in accordance with traditional market principles. In 

the case of FIT the price of the wind electricity is fixed while the volume is decided by the 

market; the opposite applies to TGC. A number of variations of these two schemes may be 

found in different countries e.g. in the US [Schreurs 2007]. The advantages and problems of 

the FIT and TGC schemes have been discussed by Hvelplund and Meyer [Hvelplund 2001a, 

2001b, 2005, Meyer 2003]. It is concluded that the FIT so far has been most efficient for 

promotion of wind power as illustrated by the wind power development in Denmark, 

Germany and Spain [Meyer 2003]. 

It is not relevant to force intermittent RES like wind power into the traditional market 

system, when the main goal is to accelerate its penetration into the electricity supply system. 

After the investment has been made in a wind turbine, there is no way that the investor can 

compete more efficiently by cutting running costs or improving the production efficiency. It 

all depends on the wind. This also supports the priority for the FIT scheme and its general 

application in a system with priority for establishing a sustainable energy supply.  

The political opposition to the FIT has mainly been based on economic complaints that the 

favorable tariff combined with priority for wind results in higher electricity prices for the 

consumers compared to electricity from e.g. coal plants. However, it should not be overlooked, 

that wind power in many cases provides lower consumer prices on the electricity market by 

outcompeting power sources with high marginal prices. The least cost-effective power plants 

close down when the wind blows. An analysis of the Danish power market from 2005 to 2008 

has shown that the cost of power to the consumer (excluding taxes and transmission and 

distribution tariffs) would have been 5 to 10% higher if wind had not been contributing to 

power production [Munksgaard & Morthorst 2008, Wind Directions 2010].  

3.4 Local ownership of wind turbines and careful planning of sites 

Social acceptability is widely recognized as an important factor influencing wind energy 
deployment. Public attitude surveys of wind power in the 1990s generally showed that 
around 80 % of the Danish population supported wind power [Danish Wind Industry 
Association 1993, Damborg 1999]. However, that this general support translated into local 
acceptance of specific projects can be attributed largely to the fact that most Danish turbines 
were owned by private households based on neighbouring cooperatives. About 150,000 
Danish households were registered as owners of shares in wind in 2001. It is easier to accept 
some extra noise and the view of a turbine if it reminds you of the fact that the turbine gives 
you money when the wind blows. Such externalities have, in any case, been reduced by 
more modern turbines, minimum separation distances from dwellings, and careful attention 
to turbine siting and design. 
Strict rules for investors were another factor promoting local accept of wind turbines. Thus, 
owners of wind turbines in a community had to live in this community or in a neighboring 
community. When this restriction was cancelled in 2000 local opposition to wind turbines 
were growing in Denmark.   
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3.5 Offshore wind farms in Danish waters 

Offshore wind farms were proposed as a promising solution in relation to onshore site 
constraints by the Danish governmental RES committee in the late 1980s. Subsequently, the 
first offshore wind farm in the world became operational in September 1991 at Vindeby -  a 
site northwest of the Danish island Lolland in the Baltic Sea. A second offshore wind park 
became operational in October 1995 at Tunø Knob between Jutland and the island of Samsø. 
A special investigation concerning the impact on bird habitats has been carried out in 
connection with this project. This problem has turned out to be negligible.  Since then, a 
number of Danish offshore wind farms have been installed (see Table 1). 
 

Year Place 
Number of 

turbines 
Total capacity 

(MW) 

1991 Vindeby 11 5 

1995 Tunø Knob 10 5 

2001 Middelgrunden 20 40 

2002 Horns Reef 1 80 160 

2003 Nysted 72 166 

2003 Rønland 8 17 

2003 Samsø 10 23 

2009 Sprogø 7 21 

2009 Horns Reef 2 91 209 

2010 Avedøre Holme 3 11 

2010 Rødsand 90 207 

2012 (planned) Anholt To be decided 400 

Table 1. Offshore Danish wind farms. 

Some of the Danish offshore wind farms have been installed based on a tender procedure 
including conditions in relation to grid connections and tariffs. The first tender for a second 
200 MW wind farm at Horns Reef in the North Sea in 2006 resulted in a tariff of 0.53 
DKK/kWh (7.1 eurocents/kWh). The latest tender (2010) for a 400 MW wind farm at the island 
of Anholt resulted in a tariff of 1.06 DKK (14 eurocents/kWh). There was only one bidder and 
the high tariff is partly due to stringent conditions and partly influenced by high international 
offshore tariffs, e.g. favorable government conditions for offshore farms in the UK.   

3.6 Impact of government policy 

A striking illustration of the influence of national energy policy is given in Fig. 1, most 
dramatically by the stagnation of the wind power development after a change of 
government in November 2001. The new conservative-liberal government cancelled most of 
the previous support for RES and replaced it by a reliance on commercial market forces. 
Danish wind producers have received the lowest unit price among the old 15 member states 
of EU under the new government that is still in power in 2010.  
As a consequence the net increase in installed wind power in Denmark has been close to 
zero since 2003. The major contribution to increased capacity on land has been re-powering 
of existing wind turbines with higher capacity turbines, rather than opening up of new sites.  
At the same time there has been a growing local opposition to new wind turbines as the 
government has cancelled geographical restrictions on investors resulting in reduced 
economic advantages to the local community.  
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3.6 Grid system balance 

Coverage by intermittent wind power of more than 20 % of the total electricity consumption 

gives rise to new regulation problems, especially in combination with a high percentage of 

heat-bound co-generation like in Denmark. One solution is to expand the transmission 

capacity to neighboring countries but this may not be the optimal solution as discussed in 

the Danish CEESA project [CEESA 2010]. An alternative solution may be based on 

coordinated production between wind turbines and distributed and flexible Combined Heat 

and Power (CHP) plants. A project along these lines is taking place in Western Denmark 

involving the development of a “Cell Architecture” for decentralized grid management of 

semi-autonomous cells with well-defined local functions and system-wide coordination 

capabilities [Lund et al. 2006]. 

In a longer time perspective, the transport sector should be included in a comprehensive 

energy system, where electric cars can play a significant role as storage element in the 

electric supply system [Lund 2010, CEESA 2010]. 

4. Conclusions 

The process of international climate negotiations from Bali to COP15 in Copenhagen has 
illustrated the need for new and supplementary schemes for mitigation of climate change. 
This chapter presents proposals for new strategic thinking to overcome present barriers and 
promote efficient schemes for sustainable energy development. The chapter’s main 
conclusions are summarized as follows:  

• A new economic paradigm is needed with less attention to GDP and more attention to 
sustainability and welfare. This involves, among other things, a shift in the present 
balance between societal planning and commercial market principles to the advantage 
of long range societal planning. Economic science should give high priority to the 
development of market constructs that leads to sustainable development. 

• The level of the global population is an important factor in relation to global warming 
and demand for energy. Thus, regulation of birth rates should not be a taboo subject. 

• Lack of economic and social equity is a serious barrier for sustainable development. 
More equity globally and within nations is needed. 

• Limits to growth on a finite planet should be recognized. It is necessary to change the 
institutional market conditions in which households are embedded.  

• Present employment policies promote material growth. The alternative is sharing of 
paid work and more free time. Introduction of a general citizens salary (basic income) 
may be worth pursuing.  

• Stronger promotion of renewable energy and energy conservation is needed. 

• Important factors for the penetration of wind power in a country (besides the wind 
potential) are the existence of a national turbine production, official government targets, 
favorable feed-in tariffs and favorable conditions for grid connections. 

• In order to avoid local opposition to land-based turbines, the rules should secure 
economic advantages to local communities in connection with new wind parks. 

• Wind power should not be included in traditional commercial market systems. The 
penetration of wind power can be promoted by flexible feed-in systems.   

• New distributed and flexible systems in combination with storage in electric cars can 
allow high coverage of wind power in the supply system.  
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